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1. Introduction

Leasing is an important source of external financing for U.S. corporations. It has been estimated
that a third of the capital equipment used by U.S. corporations is leased. However, the motivations
for leasing are still not completely understood. While the finance literature has analyzed corporate
leasing policy extensively, much of the discussion has been confined to tax-related incentives to lease
or buy (see, e.g., Miller and Upton, 1976; Lewellen et al., 1976). These and other papers assume that
the real operating cash flows associated with leasing or owning are invariant to the financial contract
chosen, thus assuming that it is primarily tax-related incentives which drive the lease or buy decision.

More recently, however, financial economists have come to recognize that, while taxes are impor-
tant in determining the identity of the lessor and the lessee, they may be less crucial in identifying the
specific assets to be leased. The co-existence of both leased and purchased assets suggests that the net
benefits of leasing may be neither uniformly positive nor negative. The predominance of leasing in cer-
tain industries and for certain assets implies wide variations in the benefits from leasing. Equally
important is the variety of contractual provisions observed in practice, based on service provisions,
option to cancel the lease before the maturity of the contract or to renew it for additional periods, op-
tion to buy the asset at the termination date of the lease, metering, etc. To illustrate, consider the
example of a hospital leasing medical equipment (e.g., MRI or CT systems). When the equipment’s
lease has ended, the hospital has several options: return the equipment to the lessor, and replace it
with newer equipment that better meets the hospital’s needs; renew the lease for an additional per-
iod; or buy the equipment as used equipment at its fair market value. Clearly, tax considerations offer
little explanation for the inclusion of such contractual provisions in the above and similar situations.

The objective of this paper is 2-fold. First, we develop a non-tax rationale for leasing in an asym-
metric information framework and analyze the lease-versus-buy decision in such a setting. Second,
we develop a theory of contractual provisions in leasing in the above asymmetric information environ-
ment. In particular, we analyze the following question: Under what conditions are different kinds of
leasing (as well as sales) contracts offered in equilibrium? We show that, depending upon the nature
of the capital equipment and the characteristics of the lessor and the lessee, the following leasing con-
tract provisions emerge in equilibrium: short-term and long-term operating leases (with non-cancel-
lation provisions); leases which grant the lessee an option to buy the asset at a pre-specified price at
the termination date; service leases, where the manufacturer agrees to maintain the equipment
leased; and leases involving metering, where the lease payment is a function of an observed measure
of the intensity of usage of the asset.

We develop our model in a setting of asymmetric information where the manufacturer of capital
equipment (lessor) has private information about the intrinsic value (type) of the asset he leases to
the entrepreneur (lessee). The entrepreneur, however, can learn more about the value of the equip-
ment over time as she uses the asset. We assume that entrepreneurs (lessees) are also heterogeneous.
This heterogeneity can be in their cost of maintaining the leased equipment (as in our basic model) or
in their intensity of usage of the leased equipment (as in Section 5.2). We assume that entrepreneurs
have superior information compared to manufacturers about their cost of maintenance (or usage
intensity, in Section 5.2).2 While all entrepreneurs have some incentive to maintain the equipment
(since the condition of the equipment affects the future profits it can generate for entrepreneurs), this
incentive is weaker for higher maintenance cost entrepreneurs than for lower maintenance cost entre-
preneurs. We demonstrate that, in this setting, the decision by a manufacturer regarding whether to offer
his capital equipment under a leasing or a sales contract, as well as the contractual provisions in the
leases he offers, allows him not only to reveal the true quality of his equipment, but also to segment
the market for capital equipment among different kinds of entrepreneurs, thus maximizing his profit.

In equilibrium, high type manufacturers choose to lease their capital equipment to entrepre-
neurs, while lower type manufacturers choose to sell the equipment outright. Manufacturers are
aware that entrepreneurs will learn the true type of the leased equipment after using it for some
2 In other words, our setting is one of contracting under double-sided asymmetric information, where both the manufacturer
(lessor) and the entrepreneur (lessee) have some (private) information not available to the other party.
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time, and will renew the lease if the value of the equipment to them is high, while returning lower
value equipment to the manufacturers (who receive the residual value of the equipment). Conse-
quently, while manufacturers of high value equipment are better off leasing their equipment, those
of low value equipment are better off selling them outright at the price reflecting their true value.
At the same time, manufacturers of high value equipment are able to segment the capital equip-
ment market between the two kinds of entrepreneurs by offering leases with different contractual
provisions. In one situation (analyzed in Section 4.1), this is achieved by offering a combination of
a short-term and a long-term (non-cancellable) operating lease: in equilibrium, lower maintenance
cost entrepreneurs will choose the short-term leasing contract and purchase the equipment at the
end of the initial leasing period, while higher maintenance cost entrepreneurs will choose the
long-term leasing contract but will return the equipment to the manufacturers at the end of the
initial leasing period (i.e., they will not purchase the equipment at the end of the lease). In other
situations (Section 5.1), manufacturers may make use of leases with service provisions to segment
the leasing market: they may offer leases with and without service provisions. In this case, higher
maintenance cost entrepreneurs will accept leases with service provisions in equilibrium, while
lower maintenance cost entrepreneurs will accept leases without such provisions. Similarly, in Sec-
tion 5.2, we demonstrate that manufacturers may use metering provisions in leases to distinguish
between entrepreneurs with a high-intensity of usage and those with a low-intensity of usage of
the capital equipment: in equilibrium, low-intensity entrepreneurs accept leases with metering
while high-intensity entrepreneurs accept leases without metering.

The rationale for leasing developed here is particularly relevant to the leasing of capital equip-
ment making use of newer technologies, which is more likely to be characterized by asymmetric
information. In a survey of entrepreneurs by the Small Business Administration (SBA), regarding
the motivations that led them to lease instead of purchasing capital equipment, 13% cited the abil-
ity to access the latest technology in the least risky way as the main motivation; another 13%
mentioned maintenance options and costs. In contrast, only 9% mentioned tax-advantages as the
main motivation behind leasing.3 Further, one of the important motivations for leasing often given
by practitioners is that leasing equipment allows technological risk (i.e., the risk that equipment
using new technologies may not be appropriate for the use at hand, or the risk of technological obso-
lescence) to be transferred from the lessee (entrepreneur) to the lessor (manufacturer).4 However, it
is not obvious how such a transfer of technological risk can create value if both lessors and lessees
are corporations (and therefore essentially risk-neutral). In this paper, we demonstrate that such a
transfer of technological risk through leasing can indeed create value in an environment of asymmet-
ric information: i.e., in a setting where lessors have more information, compared to lessees, about the
quality of their capital equipment (and its underlying technology). Our model generates several
implications for the prevalence of leasing contracts relative to sales contracts, the contractual provi-
sions in leasing contracts, as well as for the relative magnitudes of leasing costs and sales price to
users of the capital equipment.

Our research is related to several strands in the finance and economics literature. As mentioned be-
fore, there is a large finance literature on leasing focused on tax-related incentives to lease or buy.
However, tax issues alone cannot explain the existence of leasing in many markets: while the tax ben-
efits of leasing were lowered in the tax reform act of 1986, the importance of leasing has increased.
Neither can tax arguments explain the existence of the variety of leasing contracts observed in prac-
tice. Smith and Wakeman (1985) provide an informal but insightful analysis of the determinants of
corporate leasing policy. They argue that leases can reduce the transaction costs that arise when
the physical life of the asset exceeds the economic life of the firm, and informally discuss several pos-
sible rationales for some of the common provisions in leasing contracts. Sharpe and Nguyen (1995)
3 A significant percentage of entrepreneurs also gave cash flow constraints as the reason for leasing. In another survey conducted
by Dun and Bradstreet of the top five reasons for choosing to lease, 18% chose rapid technological change as the main reason for
leasing (see, Gerety, 1995).

4 This particular quote was taken from the web site of the Equipment Leasing Association. Similar quotes occur frequently again
in the practitioner literature and practitioner surveys.
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hypothesize that firms facing high financial contracting costs can alleviate these costs by leasing, and
present evidence indicating that such firms have a high propensity to lease.5

Hendel and Lizzeri (2002) and Johnson and Waldman (2003) develop a theoretical analyses of leas-
ing contracts focusing on the relationship between the new car market and the used car market. Hen-
del and Lizzeri (2002) study a setting where there are two types (levels of quality) of cars, with
consumers having heterogeneous valuations for quality. To begin with, neither the manufacturer
nor consumers know the true quality of a new car, so that there is no adverse selection in the new
car market. However, consumers can observe the quality of a car through using it over time, so that
the used car market is characterized by adverse selection. A leasing contract in their setting specifies
not only the rental payment for the car, but also the option price at which a consumer can purchase
the car at lease maturity. In the above setting, they demonstrate two important results. First, leasing
and selling can co-exist in the new car market: consumers with a high valuation for quality prefer to
lease a car while those with a low valuation prefer to buy. Leasing thus allows the manufacturer to
increase profits by segmenting the new car market between the two kinds of consumers. Second, con-
sumers who observe that their leased cars are of a low quality return them to the manufacturers, while
those observing a high quality purchase their cars at the buyback (or option) price. The latter result
implies that the manufacturer can set the option price specified in the lease for a new car above
the market clearing price in the used car market (to reflect the higher quality of off-lease cars). The
analysis of Johnson and Waldman (2003) also generates results broadly similar to that of Hendel
and Lizzeri (2002). While, like our paper, the above two papers also demonstrate that the manufac-
turer’s expected profit can be increased through leasing, the motivation for leasing in these papers
is quite different from that in our paper (recall that, in these papers, the manufacturer of a new car
does not have any private information about its quality). In particular, the signaling role of leasing,
the primary focus of our paper, has not been explored before in the literature. Further, the above
two papers do not incorporate differences in maintenance costs across lessees and therefore do not
study the role of leases in separating high maintenance cost lessees from those with low maintenance
costs.6 Finally, neither of the above papers analyzes the rich menu of contractual provisions present in
real-world leasing contracts.7

Our paper is also related to the contemporaneous paper by Eisfeldt and Rampini (2009), who argue
that, in the event of financial distress, Chapter 11 of the U.S. bankruptcy code makes it easier for a
financier to repossess equipment that is leased compared to obtaining control of the same piece of
equipment if it were used to secure a loan. Therefore, the debt capacity of leasing exceeds the debt
capacity of secured lending, since leasing allows a financier to extend more credit to a financially con-
strained firm relative to the case where he makes a loan to the firm.8 Finally, from a technical perspec-
tive, our paper is also related to the literature on warranties (see, e.g., Grossman, 1980) which has
analyzed how warranties can signal product quality in a setting where the manufacturer has private
information about quality. It is also broadly related to the industrial organization literature on price dis-
crimination under incomplete information (see Tirole, 1999, Chapter 3 for a review), and contributes to
this literature as well.

The rest of the paper is structured as follows. Section 2 describes the structure of our basic model.
Section 3 discusses the benchmark outcomes. Section 4 characterizes the equilibrium in this model.
Section 5 extends a simplified version of our basic model and analyzes service leases (Section 5.1)
5 Other papers which lend support to the argument that leasing reduces contracting costs in various settings are Krishnan and
Moyer (1994) and Barclay and Smith (1995).

6 See, however, the contemporaneous paper by Johnson and Waldman (2004), who incorporate the moral hazard problem in
maintenance in a setting otherwise similar to Johnson and Waldman (2003).

7 McConnell and Schallheim (1983) value various provisions in leasing contracts using the redundant-assets methodology of
option pricing models. However, since they use the arbitrage-free option pricing methodology, they, by definition, do not study
issues of the optimality of these provisions. Two other papers which take a valuation approach to leasing contracts are those by
Grenadier (1995, 1996).

8 Two other arguments for leasing from the economics literature are provided by Bulow (1986), who argues that leasing can be
used by a monopolist to overcome the Coasian time-inconsistency problem, and by Waldman (1997), where leasing is used by a
durable goods manufacturer with significant market power to eliminate the second-hand goods market. See also Gavazza (2005),
who argues that the rationale for leasing arises from lessors having a transaction cost advantage in redeploying capital.
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and leases with metering (Section 5.2). Section 6 discusses the implications of the model and Section 7
concludes. The proofs of various propositions, as well as the definitions of various threshold values in
these propositions, are confined to the appendix.
2. The basic model

The model has four dates (three periods). At time 0, a risk-neutral entrepreneur requires one unit of
a capital good (equipment) to implement a positive net present value project. Capital equipment is
produced by risk-neutral manufacturers who have private information regarding their type. Type G
capital equipment generates greater cash flows for entrepreneurs than type B capital equipment
(details of these cash flows will be discussed later). We can think of the type of a piece of capital equip-
ment as any variable (or combination of variables) affecting the cash flows it can generate for users,
and about which the manufacturer has private information. One such variable is the true quality of
the equipment, which can affect its probability of breakdown, and thereby the cash flows it can gen-
erate for users. Another variable is the manufacturer’s own future rate of introduction of new prod-
ucts, which, in turn, will affect the rate of technological obsolescence of the capital equipment and
thereby its value to users. At time 0, the entrepreneur is unable to distinguish between type G and
type B capital equipment. She only knows the prior probability distribution of equipment type: she
believes the equipment (manufacturer) of type G with a probability h and of type B with the comple-
mentary probability 1 � h.

The entrepreneur may buy or lease the capital equipment from the manufacturer. And the manu-
facturer may offer more than one kind of leasing contract to the entrepreneur (e.g., a short-term or a
long-term lease). We will discuss the contract structure in more detail below.

The entrepreneur has private information about her own type. In the basic model, we assume that
the entrepreneur’s private information is about her cost of maintaining the capital equipment per per-
iod.9 The type L (low-cost) entrepreneur has a lower cost cL of maintaining the equipment in each period
than the type H (high-cost) entrepreneur whose maintenance cost per period is cH, cH > cL. We denote c
by the difference in the maintenance cost between the type H and type L entrepreneurs; c � cH � cL. At
time 0, before observing the contracts accepted by entrepreneur, the manufacturer is unable to distin-
guish between the two types of entrepreneurs, so that he only has a prior probability distribution over
entrepreneur types: he believes that an entrepreneur is of type H with a probability / and of type L with
the complementary probability 1 � /.

Between time 0 and time 1, i.e., in the first period, as the entrepreneur uses the capital equipment,
she receives additional information about the type of the capital equipment. For simplicity, we assume
9 We will modify this assumption regarding the variable about which the entrepreneur has private information in Section 5.2.
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that this information is not noisy, i.e., the entrepreneur comes to know the true type of the capital
equipment at this time. After the arrival of this information, the entrepreneur decides whether to per-
form maintenance for the first period. The entrepreneur makes a similar maintenance decision in the
second period as well. In addition, the entrepreneur has other choices to make depending on the terms
of the type of leasing contract she accepts. If the entrepreneur chooses a short-term lease, she chooses
whether or not to buy the equipment at time 1. On the other hand, if the entrepreneur chooses a long-
term lease at time 0, she has the option to buy the equipment at time 2. At time 3, the project ends,
and the final cash flows from the project are realized. The sequence of events is summarized in Fig. 1.
We normalize the risk-free rate of return to be zero.
2.1. Cash flow structure

If the equipment is well-maintained (i.e., in good condition), the type G equipment will yield a cash
flow of x in each of the three periods for which it is utilized for the entrepreneur’s project. For the type
B equipment, the corresponding cash flow per period will only be fx, f < 1. (We will often refer to f as
the quality factor capturing the difference in value between the two types of equipment, for a given
level of maintenance.) If the equipment is not well-maintained, the cash flow generated by the equip-
ment will decline by a fraction of 1 � d in the next period. We assume throughout the paper that d < 1.
We consider d as a damage factor gauging the damage sustained by the equipment due to a lack of
maintenance. For example, if the equipment is not well-maintained in the first period, the cash flow
in the second period will be dx instead of x for the type G equipment; this cash flow will be fdx for the
type B equipment. We assume that the useful life of either type of equipment is three periods, so that
the equipment cannot generate any cash flows to the entrepreneur (or the manufacturer, if the equip-
ment is returned to him) after time 3.

For tractability, we assume that f is sufficiently small such that (1 � d)fx < cL. This assumption im-
plies that the cash flow from the type B capital equipment is such that it is not optimal to maintain the
type B equipment even for the type L entrepreneur (as well as the type H entrepreneur). We also as-
sume that cL< (1 � d)x, so that it is optimal for the type L entrepreneur to maintain the type G capital
equipment. Note that whether or not the type H entrepreneur finds it optimal to maintain the type G
equipment depends on c, the difference in maintenance cost between the type H and the type L entre-
preneurs. If c is sufficiently large so that cH > (1 � d)x, then it is not optimal for the type H entrepreneur
to maintain the type G equipment at all.

The entrepreneur has an option to return the equipment to the manufacturer at the end of the lease
(if she does not choose to renew the lease). We assume that, if the entrepreneur returns the equip-
ment, she receives zero cash flow for each period and the manufacturer owns the residual value of
the returned equipment. We assume the following about the residual value of capital equipment.10

First, we assume that it is the entrepreneur who can put any piece of new or well- maintained equipment
to its most productive use, so that the residual value of any piece of well-maintained type G equipment
will be less than its value to either a type H or a type L entrepreneur.11 On the other hand, for type G
equipment that is not well-maintained (i.e., for older equipment for which maintenance has not been
performed in the previous period), our assumption is that its residual value is b times the present value
of future cash flows that would be generated by the equipment by a type H entrepreneur, b > 1. In other
words, for type G equipment that is not well-maintained, its residual value to the manufacturer will be
10 The residual value can arise in many ways. One possibility is that the manufacturer is able to put the capital equipment to
some alternative use for himself. Another possibility is that there exists a second-hand market for the capital goods which can be
used by the manufacturer to dispose of any units of the capital goods which are returned to him by entrepreneurs.

11 This assumption implies that all manufacturers have an incentive to lease out their equipment for at least one period,
regardless of the maintenance cost of the entrepreneur leasing the equipment (rather than retaining the equipment themselves
starting from time 0). Recall that the only difference between type H and type L entrepreneurs in our setting is their cost of
maintaining equipment, so that the two are equal in their productive capacity on a well-maintained equipment. Thus, the residual
value of a piece of well-maintained equipment cannot exceed its value to a type H or a type L entrepreneur.
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greater than its value to a type H entrepreneur.12 Finally, for simplicity, we assume that the residual va-
lue of type B equipment to its manufacturer is zero at any date.13

2.2. Contract structure

In the basic model, we allow the following menu of contracts between the manufacturer and the
entrepreneur: a sales contract, where the entrepreneur pays the sales price S up-front (at time 0)
and possesses the ownership of the equipment for the entire useful life of the equipment, i.e., for
all three periods; a short-term leasing contract with an option to buy {M,R}, where the entrepreneur
pays the initial leasing price M up-front and has an option to buy the equipment at time 1 by paying a
purchase price R; and a long-term leasing contract with an option to buy {N,P}, where the entrepre-
neur leases the capital good for two periods (i.e., till time 2) by paying the initial leasing price N up-
front, with an option to buy the equipment by paying a purchase price P at time 2.14 We will introduce
two additional types of leasing contracts, namely, service leases and leases with metering in Sections 5.1
and 5.2, respectively.

Of the above menu of contracts, the set of contracts actually offered will be determined in equilib-
rium: i.e., not all contracts will be offered in all situations.15 We assume that the manufacturer first
chooses the set of contracts to be offered to the entrepreneur from the above menu (at time 0). Then,
after observing the contracts offered, the entrepreneur chooses the contract to accept and makes further
decisions about the capital equipment over time according to the options specified in the contract
accepted.

2.3. The manufacturer’s objective

The objective of the manufacturer in choosing the menu of contracts (including contract provisions, as
well as prices) to be offered to entrepreneurs is to maximize the expected value of his future cash flows.

Consider the objective of the type G manufacturer. If the type G offers a short-term leasing contract
with an option to buy {M, R}, his expected payoff is:
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� �
ð1� /Þbðdxþ d2xÞ: ð1Þ
example, if a type H entrepreneur returns the equipment to the type G manufacturer at time 1 without performing
ance in the previous period, the residual value of this returned equipment to the manufacturer would be b(dx + d2x), where

d2x are the cash flows of the type G equipment at time 2 and time 3, respectively.
assume that the residual value of type B equipment is zero only to minimize mathematical complexity. Our results go
as long as the residual value of type B equipment to its manufacturer is significantly low, so that this residual value is

han the value of the equipment to a type H entrepreneur. It seems reasonable to assume that the latter condition holds,
s long as cL > (1 � d)fx (as we assume throughout the paper), neither a type L nor a type H entrepreneur has an incentive to
n type B equipment, so that its second-hand market value cannot exceed its value to a type H entrepreneur at any time.
, even if a type B manufacturer can himself make use of type B equipment returned by an entrepreneur, it seems reasonable

e that the cash flows he can generate from this alternative use do not exceed those that can be generated by a type H
eneur, provided that the manufacturer’s maintenance cost is not lower than that of a type L entrepreneur, cL (since, in this
e manufacturer himself will not have an incentive to maintain type B equipment returned by an entrepreneur). In contrast,
sonable to assume that the residual value to the manufacturer of a piece of type G equipment will be greater than its value
ype H entrepreneur if the type H entrepreneur does not maintain the equipment. This is because the manufacturer can
ell it in the second-hand market to a type L entrepreneur (who has an incentive to maintain even equipment returned by a
ntrepreneur as long as cL < (1 � d)dx), or put it to an alternative use generating higher cash flow than can be generated by a

entrepreneur (as long as the manufacturer’s maintenance cost is sufficiently smaller than that of a type H entrepreneur).
ould be obvious that the sales contract is equivalent to a three-period non-cancelable lease (since the capital equipment is
ss after three periods of use). Note that the equivalences between various leasing and sales contracts that we note above
confined to our model, but arise in practice as well. In other words, these are features of the real world captured by our
For example, even in the real world, a non-cancelable lease for the entire useful life of an asset is clearly equivalent to a
ntract. While it is possible to study other possible specifications of leases (in terms of lease lengths or intermediate options,

ple), we choose to confine the menu of contracts to the above, since this menu incorporates all the leases commonly
d in practice.
assume that the contracts that are not accepted in equilibrium by either type of entrepreneur are never offered by any

cturer.
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Here, IL
ST is an indicator variable which captures the type L entrepreneur’s choice regarding the pur-

chase of the equipment at time 1. If the type L entrepreneur purchases the equipment, IL
ST ¼ 1, in

which case the type G manufacturer is expected to receive the purchase price R. If the type L entrepre-
neur does not purchase the equipment at time 1, i.e., IL

ST ¼ 0, she will return the equipment to the type
G manufacturer without any maintenance in the first period. In this case, the type G manufacturer re-
ceives the residual value of the equipment, equal to b(dx + d2x). Similarly, IH

ST is an indicator variable
which captures the type H entrepreneur’s choice regarding the purchase of the equipment at time
1. We will discuss IL

ST and IH
ST in more detail when we discuss the entrepreneur’s objective in the next

section.
If the type G manufacturer offers a long-term leasing contract with an option to buy {N,P}, his ex-

pected payoff is:
16 In
PGðCBÞ
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never o
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LTÞ/bdxþ IL
LTð1� /ÞP þ 1� IL
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� �
ð1� /Þbdx; ð2Þ
where IH
LT and IL

LT are indicator variables capturing the entrepreneur’s decision regarding whether or
not to exercise the option to buy the equipment at time 2, for the type H and type L entrepreneur,
respectively. The objective function (2) considers only the case where the maintenance cost of the type
H entrepreneur is sufficiently low. In this case, both the type H and the type L entrepreneur will per-
form maintenance in the first period during the initial lease. However, both types of entrepreneur will
not perform any maintenance in the second period covered by the long-term lease if they decide not to
exercise the purchase option at the end of the second period (i.e., at time 2). Thus, the residual value of
the equipment returned by the type H or the type L entrepreneur is bdx.

If the type G manufacturer offers a combination of a short-term leasing contract {M,R} and a long-
term leasing contract {N,P}, his expected payoff in the case where the type L entrepreneur accepts the
short-term lease and the type H entrepreneur accepts the long-term lease is16:
PGðCBÞ ¼ /N þ ð1� /ÞM þ IH
LT/P þ ð1� IH

LTÞ/bdxþ IL
STð1� /ÞRþ ð1� IL

STÞð1� /Þbðdx

þ d2xÞ: ð3Þ
The type G manufacturer compares the payoffs from the above contracts and chooses the type of
contract(s) that maximizes his objective PG.

Similarly, the type B manufacturer chooses the type of contract that maximizes his objective PB. If
the type B manufacturer offers a sales contract {S}, his expected payoff PB(S) = S. If the type B manu-
facturer offers a short-term lease with an option to buy {M,R}, his expected payoff PB(ST) = M if the
entrepreneur chooses not to exercise the purchase option at time 1. Note here that we assume the
residual value of type B equipment to be zero. Further, if the type B manufacturer offers a long-term
lease with an option to buy {N,P}, his expected payoff PB(LT) = N if the entrepreneur chooses not to
exercise the purchase option at time 2. Finally, if the type B manufacturer offers a combination of a
long-term lease and a short-term lease, his expected payoff PB (CB) = /N + (1 � /)M if the entrepre-
neur chooses not to exercise the purchase option for both leases.

2.4. The entrepreneur’s objective

The objective of the entrepreneur at each date is to maximize the expected value of her future cash
flow from using the equipment, net of any maintenance costs. Thus, at time 0, the entrepreneur, facing
the menu of contracts offered by the manufacturer, chooses the contract which maximizes the ex-
pected value of her cash flows over the following periods. The entrepreneur also makes choices on
subsequent dates (e.g., whether or not to perform maintenance or whether or not to buy the equip-
ment from the manufacturer at the end of the lease period) in order to maximize her expected cash
flows from the remainder of the game.
the case where the type H entrepreneur accepts the short-term lease and the type L accepts the long-term lease,
¼ /M þ ð1� /ÞN þ IH

ST/Rþ 1� IH
ST

� �
/bðdxþ d2xÞ þ IL

LTð1� /ÞP þ 1� IL
LT

� �
ð1� /Þbdx. The type G manufacturer also has an

to offer a sales contract {S} or a combination of a leasing contract and a sales contract. It will be clear later that these cases
ccur in equilibrium.
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For instance, consider the case where the type L or the type H entrepreneur is offered a short-term
lease {M,R} and she infers that the short-term lease is offered by the type G manufacturer. In this case,
the type L entrepreneur accepts the short-term lease at time 0 only if it is profitable for her to do so:
i.e.,
x�M þ IL
STð2x� 2cL � RÞP 0: ð4Þ
At time 1, the type L entrepreneur purchases the equipment (i.e., IL
ST ¼ 1) only if it is profitable for

her to do so, i.e., 2x � 2cL � RP 0. Similarly, the type H entrepreneur accepts the short-term lease at
time 0 only if:
x�M þ IH
ST½maxð2x� 2cH; dxþ d2xÞ � R�P 0: ð5Þ
At time 1, the type H entrepreneur purchases the equipment (i.e., IH
ST ¼ 1) only if

max(2x � 2cH, dx + d2x) � R P 0. Note that the latter condition on IH
ST ¼ 1 implies that the type H entre-

preneur will maintain the equipment if her maintenance cost cH is low (in which case her expected
payoff from operating the equipment is 2x � 2cH), and will not maintain the equipment if her main-
tenance cost cH is large (in which case her expected payoff is dx + d2x).

Now consider the case where the type L or the type H entrepreneur is offered a long-term lease
{N,P} and she infers that the long-term lease is offered by the type G manufacturer. In this case, the
type L entrepreneur accepts the above contract at time 0 only if it is profitable for her to do so: i.e.,
2x� cL � N þ IL
LTðx� cL � PÞP 0: ð6Þ
At time 2, the type L entrepreneur purchases the leased equipment (i.e., IL
LT ¼ 1) only if

x � cL � P P 0. Similarly, the type H entrepreneur accepts the contract at time 0 only if:
xþmaxðx� cH; dxÞ � N þ IH
LT IH

MTðx� cHÞ þ ð1� IH
MTÞd

2x� P
h i

P 0; ð7Þ
where IH
MT is an indicator variable which captures the type H entrepreneur’s maintenance decision at

time 1. IL
ST ¼ 1 if x � cH > dx, so that the type H entrepreneur chooses to maintain the equipment at

time 1. IL
ST ¼ 1 if IL

ST ¼ 0 if x � cH < dx. The type H entrepreneur purchases the leased equipment (i.e.,
IH
LT ¼ 1) only if IH

MTðx� cHÞ þ ð1� IH
MTÞd

2x� P P 0.
Further, consider the case where the type L or the type H entrepreneur is offered both a short-term

and a long-term lease and she infers that these leases are offered by the type G manufacturer. In this
case, both the type H and type L entrepreneur have a choice regarding the contract to accept at time 0.
The type L entrepreneur will choose the short-term lease rather than the long-term lease at time 0 if
both her break-even (individual rationality (IR)) constraint (4) and the following constraint (8) are
satisfied:
x�M þ IL
STð2x� 2cL � RÞP 2x� cL � N þ IL

LTðx� cL � PÞ: ð8Þ
The constraint (8) ensures that accepting the short-term lease is more profitable for the type L
entrepreneur than accepting the long-term lease. On the other hand, the type L entrepreneur will
choose the long-term lease at time 0 if both her break-even constraint (6) and the opposite of con-
straint (8) are satisfied. Similarly, the type H entrepreneur will choose the long-term lease rather than
the short-term lease at time 0 if both her break-even constraint (7) and the following constraint (9) are
satisfied:
xþmaxðx� cH; dxÞ � N þ IH
LT IH

MTðx� cHÞ þ ð1� IH
MTÞd

2x� P
h i

P x�M þ IH
ST maxð2x� 2cH; dxþ d2xÞ � R
� �

: ð9Þ
On the other hand, the type H entrepreneur will choose the short-term lease if both her break-even
constraint (5) and the opposite of constraint (9) are satisfied. The type H or the type L entrepreneur’s
subsequent purchase decisions IH

ST, IL
ST, IH

LT, and IL
LT are similar to those discussed in the case where only

a short-term or only a long-term lease is offered.
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Finally, consider the case where the type L or the type H entrepreneur is offered a sales contract and
she infers that the sales contract is offered by the type B manufacturer. In this case, both the type L and
type H entrepreneur will accept the sales contract only if it is profitable for them to do so: i.e.,
17 Sin
readers
�Sþ fxþ f dxþ fd2x P 0: ð10Þ
3. Benchmark outcomes

In this section, we establish two benchmark outcomes to evaluate the efficiency of various equilibria
that we characterize in the following section. We will refer to these as the first best and second best out-
comes. We define first best as the situation where there is symmetric information and each type of man-
ufacturer has available to him both a type H and a type L entrepreneur as customers. In this case, each
type of equipment is put to its best use: i.e., to the use which produces the largest value net of mainte-
nance costs. Thus, first best in our setting involves the type G equipment being used by low-cost
(type L) entrepreneurs, since they have a lower maintenance cost than the type H and their using it for
all three periods (rather than, for example, using it for only two periods, and returning it to the manufac-
turer) creates the largest total value. On the other hand, first best involves the type B equipment being
used by either type of entrepreneur for all three periods (since, given the lower value created by using
such equipment, it is not worth maintaining such equipment for either type of entrepreneur).17

We now establish a second benchmark in the symmetric information case, which we will refer to as
the second best outcome. In contrast to the first best case, second best characterizes the best use of the
equipment in a situation where a type L entrepreneur is not available (in other words, only a type H entre-
preneur is available) as a customer to the equipment manufacturer. Unlike the first best outcome, which
remains unchanged regardless of the maintenance cost differential c, the second best outcome will vary
depending on the maintenance cost differential c (i.e., depending on the magnitude of the type H entre-
preneur’s maintenance cost cH, for a given value of the type L entrepreneur’s maintenance cost cL). We
characterize the second best outcome for various values of c in the following proposition.

Proposition 1 (Second best outcome).
(i) The second best use of a piece of type G equipment involves the following, depending on the value of
c.

(a) If c < x � bdx � cL, it involves the type H entrepreneur using the equipment for three periods,

with the entrepreneur performing maintenance for the first two periods.
(b) If x � bdx � cL6 c < x � bd2x � cL, it involves the type H entrepreneur using the equipment for

two periods (performing maintenance only in the first period), with the manufacturer owning
it in the third period.

(c) If c P x � bd2x � cL, it involves the type H entrepreneur using the equipment for only one per-
iod (not performing any maintenance), with the manufacturer owning it for the remaining
two periods.
(ii) The second best use of a piece of type B equipment involves the type H entrepreneur using it for all
three periods without performing any maintenance.

Note that, even in a symmetric information setting, whether a social planner is able to allocate a
type G equipment to a type L entrepreneur (and thus achieve the first best outcome) depends on
the proportion of type G among manufacturers, and of type H among entrepreneurs. Thus, while
the first best is the appropriate benchmark with which to compare the efficiency of a particular equi-
librium if a type L entrepreneur is available to accept a piece of equipment, the proper benchmark of
comparison is the second best if only a type H entrepreneur is available to accept the equipment.
ce a formal characterization of the first best outcome is very straightforward, we omit it here; it is available to interested
upon request.
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4. Equilibrium in the basic model

Definition of equilibrium: The equilibrium concept we use is that of a Pareto dominant or efficient
Perfect Bayesian Equilibrium which survives the Cho–Kreps Intuitive Criterion.18
4.1. Equilibrium with a short-term lease, a long-term lease, and a sales contract offered

In this section, we analyze the situation where all three contracts including a short-term lease, a
long-term lease, and a sales contract are offered in equilibrium. Before we characterize the equilib-
rium, we first analyze the problem faced by the type G and the type B manufacturer in arriving at
the equilibrium choice of contract(s) to offer in this situation.
4.1.1. The manufacturer’s problem
When there exists asymmetric information about the manufacturer’s equipment, the type G equip-

ment may be underpriced, since entrepreneurs may be unable to distinguish type G from type B
equipment and therefore price it at the pooling price. In this case, in order to avoid mispricing of
his equipment, the type G manufacturer has an incentive to distinguish himself from the type B man-
ufacturer. Further, given the asymmetric information he faces about the entrepreneur, the type G
manufacturer also has an incentive to separate the type H entrepreneur from the type L entrepreneur
in order to maximize his profit.

The type G manufacturer can accomplish these two different objectives by offering leasing con-
tracts, i.e., either a short-term lease, a long-term lease, or a combination of a short-term and a
long-term leases. Leasing can help the type G manufacturer to distinguish himself from the type B
in future periods since the entrepreneur can recognize the quality of the leased equipment during
the initial leasing period. The type B manufacturer will not mimic the type G by offering the same leas-
ing contracts, since, if he offered leasing contracts, the entrepreneur would not renew these contracts
after the initial leasing period, and will instead return the equipment without performing mainte-
nance (i.e., in bad condition). At the same time, the various types of leasing contracts offered and
the specific features of these contracts can also help the type G manufacturer segment the user market
by separating the two types of entrepreneurs.

If the type G manufacturer offers a short-term lease with an option to buy {M,R}, it maximizes
PG(ST). In this case, to ensure that the type B manufacturer does not mimic the type G by offering
the same short-term lease, the following incentive compatibility (IC) condition has to be satisfied:
18 In o
(PBE) sa
Fudenb
Criterio
PB P PBðSTÞ ¼ M: ð11Þ
Here, PB is the type B manufacturer’s expected payoff if he offers a contract (e.g., a sales contract) that
reveals the true quality of his capital equipment. As we will discuss later, the type B manufacturer can
achieve this expected payoff by offering a sales contract {S} so that PB = S. PB(ST) is the type B man-
ufacturer’s expected payoff if he offers a short-term lease (thus mimicking the type G). Note that no
entrepreneur will purchase the type B manufacturer’s equipment at the end of the lease after recog-
nizing the quality of the leased equipment during the initial leasing period. Thus, PB(ST) = M. Further,
the type G manufacturer also has to design the short-term lease so that either the IR constraint (4), or
(5), or both are satisfied. The IR constraints (4) and (5) ensure that the type L and the type H entrepre-
neur, respectively, are willing to accept the short-term lease. Whether the type G manufacturer pre-
fers that both types of entrepreneur or only one type of entrepreneur accept the short-term lease
depends on whether the type G manufacturer prefers to distinguish between these two types of entre-
preneur or pool them in equilibrium.
ther words, equilibrium strategies and beliefs in our model are defined as those constituting a Perfect Bayesian Equilibrium
tisfying the Cho–Kreps Intuitive Criterion, and which minimizes dissipative costs incurred by the type G manufacturer. See

erg and Tirole (1991) for a formal definition of a PBE and Cho and Kreps (1987) for a definition of the Cho–Kreps Intuitive
n. See Milgrom and Roberts (1986) for an application of a Pareto dominant or efficient PBE to signaling games.



T. Chemmanur et al. / J. Finan. Intermediation 19 (2010) 116–142 127
If the type G manufacturer offers a long-term leasing contract with an option to buy {N,P}, it max-
imizes PG(LT). Similar to the case of a short-term lease, the type B manufacturer’s IC constraint has to
be satisfied in this situation as well:
19 The
contrac
distingu
the sam
alone r

20 The
he wou
costs to
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PB P PBðLTÞ ¼ N: ð12Þ
Depending on the nature of the equilibrium, the IR constraint (6), (7), or both also have to be satisfied
to ensure that either the type L or the type H entrepreneur or both will accept the long-term lease.

Finally, if the type G manufacturer offers a combination of a short-term leasing contract {M,R} and
a long-term leasing contract {N,P}, it maximizes PG(CB). Similarly, the following IC constraint on the
type B manufacturer has to be satisfied:
PB P PBðCBÞ ¼ /N þ ð1� /ÞM: ð13Þ
The IC constraint (13) takes into consideration that the type L entrepreneur is expected to accept
the short-term lease and the type H entrepreneur is expected to accept the long-term lease. To meet
this expectation, the type G manufacturer also has to design the leases so that the IR constraints (4),
(7), (8), and (9) are satisfied.19

Unlike the type G manufacturer, the type B manufacturer does not benefit from separating the two
types of entrepreneurs, since neither the type H nor the type L entrepreneur has the incentive to main-
tain the type B equipment. In other words, the type B manufacturer’s objective is maximized by pool-
ing the two types of entrepreneurs. Further, as discussed under the type G manufacturer’s problem, if
the type G manufacturer chooses the terms of the leasing contracts he offers in such a way as to dis-
tinguish himself from the type B, then the type B is worse off if he attempts to mimic the type G, com-
pared to the case where he reveals his type by offering a sales contract. As a result, the type B
manufacturer is better off (in terms of maximizing his expected cash flows) offering only a sales con-
tract and charging the entrepreneur a sales price corresponding to the true quality of the capital
equipment sold.20 In sum, the type B manufacturer maximizes his objective PB = S, subject to the entre-
preneur’s IR constraint (10) and the following IC constraint:
PG P S: ð14Þ
The IC constraint (14) ensures that the type G manufacturer has no incentive to mimic the type B
manufacturer (this constraint is satisfied trivially).

4.1.2. The equilibrium
When the difference in equipment quality between the two types of manufacturer is large (i.e., the

quality factor is large) and the difference in the maintenance cost between the type H and type L
entrepreneur is sufficiently small, the type G manufacturer’s equilibrium choice consists of a combi-
nation of a long-term lease and a short-term lease while the type B manufacturer offers only a sales
contract in equilibrium. We characterize the conditions for the existence of this equilibrium in the fol-
lowing proposition.

Proposition 2 (Separating equilibrium on both sides: a short-term lease, a long-term lease, and a
sales contract offered). When the quality factor is large enough so that f P f and the difference in the
maintenance cost between the type H and L entrepreneur is such that c 6 c < �c, then there exists an
equilibrium in the capital goods market involving the following:
type G manufacturer also has an option to offer a sales contract {S} or a combination of a leasing contract and a sales
t. However, unlike short-term or long-term leasing contracts, a sales contract cannot help the type G manufacturer to
ish himself from the type B manufacturer, since the type B would not incur any cost of mimicking the type G by offering
e sales contract. Thus, it can be shown that the type G manufacturer is at least weakly better off offering leasing contracts

ather than any combination of leasing contract(s) and a sales contract.
assumption here is that if a manufacturer obtains the same expected cash flows from offering a leasing or a sales contract,

ld choose to offer a sales contract. It seems reasonable to make such an assumption, since, in practice, the total transaction
the manufacturer involved in offering (and following up) a lease will be at least marginally higher than that associated

fering a sales contract.
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(i) The type G manufacturer offers both a short-term leasing contract and a long-term leasing contract,
and the type B manufacturer offers only a sales contract.

(ii) If the manufacturer offers the above leasing contracts, both types of entrepreneur believe that the
manufacturer is of type G with probability one. The type L entrepreneur accepts the short-term con-
tract, purchases the equipment at time 1, and performs maintenance in the first and the second per-
iod; the type H entrepreneur accepts the long-term contract, uses the equipment for two periods,
performs maintenance only in the first period, and does not purchase the equipment at time 2.

(iii) If the manufacturer offers only a sales contract, both the type H and type L entrepreneurs believe that
the manufacturer is of type B with probability one, accept the sales contract, use it for three periods,
and do not perform maintenance.21,22

As we discussed in the previous section, when there exists asymmetric information about the man-
ufacturer’s equipment, the type G manufacturer has an incentive to distinguish himself from the type
B manufacturer by offering leasing contracts. However, by doing so, the type G manufacturer incurs a
signaling cost. This cost arises from the fact that the type G may have to sacrifice some of his profits in
the initial leasing period by strategically setting a low price for that period in order to prevent mim-
icking by the type B. When the quality difference between the type G and the type B equipment is suf-
ficiently large so that f P f, the cost arising from setting such a low initial leasing price is small and
outweighed by the benefit arising from setting a fair price in future periods.

The type G manufacturer also has an incentive to separate the type H entrepreneur from the type L
entrepreneur so that his equipment can be used by each entrepreneur for an optimal period. The type
G manufacturer always prefers the type L entrepreneur to use the equipment for three periods. This is
because the type L entrepreneur will properly maintain the type G equipment and generate high cash
flows for all three periods. The type G manufacturer also prefers the type H entrepreneur to use the
equipment for the first period since the type H entrepreneur is able to generate more profit from
new equipment compared to the manufacturer himself. Further, when c < �c so that the type H entre-
preneur has an incentive to maintain the equipment, the type G manufacturer has an incentive to let
the type H entrepreneur utilize the equipment beyond the first period. However, to implement it, the
type G manufacturer has to strategically charge a price which allows the type H entrepreneur to break
even. This price is lower than the maximum price that the type G manufacturer can charge the type L
entrepreneur, thereby causing the type G manufacturer to sacrifice part of his profit from leasing the
equipment to the type L entrepreneur. When c P c, the potential cost from the type H entrepreneur
using the equipment in the third period exceeds the expected benefit. In this case, the type G manu-
facturer finds it optimal to let the type H entrepreneur use the equipment for only two periods rather
than for all three periods.

To achieve the optimal use of the equipment, the type G manufacturer offers a combination of a
short-term lease and a long-term lease in equilibrium. He sets the leasing prices in such a way that
a type H entrepreneur will accept the long-term lease and use the equipment for two periods (return-
ing the equipment to the manufacturer after the second period), while a type L entrepreneur will
accept the short-term lease and use the equipment for all three periods, purchasing the equipment
at the end of the first period.23
21 The out-of-equilibrium beliefs for these and the following propositions are specified in the appendix. These beliefs are such
that they satisfy the Cho–Kreps Intuitive Criterion.

22 The definitions of various threshold values in this proposition as well as the following propositions are confined to the
appendix.

23 Note that, in this case, a short-term lease alone or a long-term lease alone can also help the type G manufacturer achieve the
separation from the type B manufacturer. However, a short-term lease alone is an inferior choice for the type G, since the short-
term lease cannot allow the type H entrepreneur to use the equipment beyond the first period. Similarly, a long-term lease alone is
also an inferior choice. This is because the type G manufacturer has to sacrifice some of his profit in the initial leasing period in
order to attain separation from the type B manufacturer, and offering a long-term lease would require him to sacrifice a larger
fraction of his profit in the initial leasing period compared to the case where he offers a combination of a short-term and a long-
term lease. Thus, the asymmetric information on the manufacturer’s side interacts with the asymmetric information on the
entrepreneur’s side, forcing the type G manufacturer to use a combination of leasing contracts to separate the two types of
entrepreneurs.



T. Chemmanur et al. / J. Finan. Intermediation 19 (2010) 116–142 129
In the above equilibrium, if the entrepreneur facing a type G manufacturer turns out to be a type L
entrepreneur, the first best outcome would be achieved, since a type L entrepreneur will accept the
short-term lease and purchase the equipment at the end of the first period (performing maintenance
in the first two periods). If, however, the entrepreneur facing the type G manufacturer turns out to be
of type H, then clearly the first best outcome is not achievable so that the appropriate benchmark of
efficiency is the second best outcome. However, in this case, the second best outcome (as character-
ized in Proposition 1 (i.a.)) is not achievable as well, since the type H entrepreneur uses the equipment
for only two periods, performing maintenance for only one period. This is because, given the asym-
metric information facing the type G manufacturer about the maintenance cost of the entrepreneur,
inducing a type H entrepreneur to use the type G equipment for all three periods by charging a lower
purchase price at the end of a long-term lease is not a profit maximizing strategy (since it will induce
the type L to accept such a leasing contract as well, reducing the potential profit that the manufacturer
can earn from a type L entrepreneur). Finally, the first best outcome is achieved for type B equipment
in this equilibrium, since the first best outcome requires type B equipment to be used by either type of
entrepreneur for all three periods without performing maintenance.
4.1.3. A numerical example
Assume the following values for the parameters employed in the basic model: d = 0.6, x = 16, cL = 5,

b = 1.05, h = 0.5, and / = 0.3. Based on these numbers, we depict in Fig. 2 the equilibrium characterized
in Proposition 2, as well as the equilibria characterized in the following sections. We depict these equi-
libria in c � f space: On the c-axis, we start from the situation where the difference in maintenance
cost between the type H and type L entrepreneurs c is small and end at the situation where c is large;
on the f-axis, we start from the situation where the quality factor f is small (i.e., difference in equip-
ment quality between the two types of manufacturer is large) and end at the situation where f is large
and close to cL

ð1�dÞx ¼ 0:78, the maximum value of f under our assumption. Thus, we characterize the

equilibria for the entire range of values of c 2 (0,1) and f 2 0; cL
ð1�dÞx

� �
. It is worth noting that c can

be viewed as measuring the extent of asymmetric information faced by the manufacturer regarding
the entrepreneur. When c is larger, the extent of asymmetric information facing the manufacturer
about the entrepreneur is larger. Similarly, f can be viewed as measuring the extent of asymmetric
information faced by the entrepreneur regarding the manufacturer. When f is smaller, the extent of
asymmetric information facing the entrepreneur about the manufacturer is larger. Thus, we character-
ize the equilibria for the entire range of situations where the manufacturer and the entrepreneur face
various degrees of asymmetric information. It can be shown that the equilibrium that we characterize
in each range of parameter values is unique. We now move on to briefly discuss the conditions under
which these equilibria will differ from the one in Proposition 2, i.e., we will characterize all the other
equilibria presented in Fig. 2.
f

c

0.78

c = 0.28

c = 1.4

0.88

43.00

Sales contract, 
short-term, and 
long-term leases 
(Separating both 
manufacturers and 
entrepreneurs)

Sales contract and short 
-term lease (Separating 
manufacturers 
and pooling 
entrepreneurs)

Sales contract and short-
term lease  (Separating 
manufacturers and 
partially separating 
entrepreneurs)

Short-term lease 
(Partially separating 
both manufacturers 
and entrepreneurs)

Short-term lease 
(Partially separating 
manufacturers and 
pooling entrepreneurs)

Fig. 2. Characterization of the entire range of equilibria with respect to the maintenance cost differential c and the quality
factor f.
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4.2. Equilibria with only a short-term lease and a sales contract offered

When the difference in the maintenance costs between the type H and the L entrepreneur is larger
than that characterized in Proposition 2 so that the maintenance cost of the type H is sufficiently large,
the profit generated by the equipment if used by a type H entrepreneur during the second and the
third periods will be smaller than the residual value of the equipment to the type G manufacturer. This
will be the case when cH > (1 � d)x, so that the type H entrepreneur does not find it optimal to main-
tain the type G equipment. It could also happen when the type H has an incentive to maintain the type
G equipment (i.e., cH 6 (1 � d)x) but the cash flow generated by the type H entrepreneur net of the
maintenance cost is still sufficiently small. In both cases, the type G manufacturer has an incentive
to repossess the equipment from the type H entrepreneur after the first period.24 The following prop-
osition characterizes this situation.

Proposition 3 (Manufacturers separate and entrepreneurs partially separate: a short-term lease and a
sales contract offered). When the quality factor is large enough (f P f) and the difference in the
maintenance cost between the type H and L entrepreneur is large enough (c P �c), then the equilibrium in
the capital goods market involves the following:
(i) The type G manufacturer offers only a short-term leasing contract and the type B manufacturer offers
only a sales contract.

(ii) If the manufacturer offers the short-term leasing contract, the type L entrepreneur accepts the con-
tract, purchases the equipment at time 1, and performs maintenance in the first and the second per-
iod; the type H entrepreneur accepts the contract as well, uses the equipment for one period without
performing maintenance, and does not purchase the equipment at time 1. Both types of entrepreneur
believe the manufacturer to be of type G with probability one in this case.

(iii) If the manufacturer offers only a sales contract, both the type H and type L entrepreneurs accept the
sales contract and do not perform maintenance, believing the manufacturer to be of type B with
probability one.

When the quality difference between the type G and type B equipment is the same as that in Prop-
osition 2 while the difference in the maintenance cost is larger than that in Proposition 2, the type G
manufacturer offers only a short-term lease and the type B manufacturer offers a sales contract in
equilibrium. Following the same intuition as in Proposition 2, the short-term lease in this equilibrium
can help the type G manufacturer to achieve the separation from the type B manufacturer. Further, the
short-term lease also enables the type G manufacturer to separate the type H entrepreneur from the
type L entrepreneur and maximize his expected payoff. When c P �c, the type G manufacturer prefers
to repossess his equipment from the type H entrepreneur after the first period while enabling the type
L entrepreneur to utilize the equipment for as long a period as possible. To achieve this, the type G
manufacturer sets the purchase price of his short-term lease high enough that the type H entrepreneur
does not find it optimal to exercise the purchase option after the initial leasing period, while the type L
entrepreneur will exercise it.25

In the above equilibrium, if the entrepreneur facing a type G manufacturer turns out to be of type L,
the first best outcome would be achieved, since a type L entrepreneur will accept the short-term lease
24 Note that the type G manufacturer still prefers the type H entrepreneur to use the equipment for the first period, since the
entrepreneur is able to generate more cash flows from new equipment compared to the manufacturer himself.

25 In this case, a long-term leasing contract (or a combination of a long-term and a short-term contract) is an inferior choice for the
type G manufacturer compared to a short-term lease even if the long-term lease could also help the type G manufacturer separate
himself from the type B manufacturer. First, given the high maintenance cost of the type H entrepreneur and the potential lack of
maintenance, the type G manufacturer prefers to repossess his equipment from the type H entrepreneur after the first period. Second,
the initial leasing price that can be charged by the type G manufacturer is constrained by the need to prevent mimicking from the type
B manufacturer. This implies that the type G manufacturer would sacrifice more of his expected cash flow when he offers a leasing
contract with a longer initial leasing period. As a result, a long-term lease will not be offered in equilibrium. In summary, the
interaction between the asymmetric information existing on the manufacturer’s side and the asymmetric information existing on the
entrepreneur’s side drives the equilibrium choice of contracts offered by the manufacturer in this setting.
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and purchase the equipment at the end of the first period (performing maintenance in the first two
periods). If, however, the entrepreneur facing the type G manufacturer turns out to be of type H, then
clearly the first best outcome is not achievable for the type G equipment, and the appropriate bench-
mark is the second best outcome. In this case, the second best outcome may or may not be achievable,
depending on the maintenance cost of the type H entrepreneur.26 The first best outcome is achieved for
the type B equipment here, since the first best outcome requires type B equipment to be used by either
type of entrepreneur for all three periods without performing maintenance.

We now consider the case where the quality difference between the type G and type B equipment
is the similar to that in Proposition 2, but the difference in the maintenance costs between the type H
and type L entrepreneur is smaller than that in Proposition 2. The following proposition characterizes
this situation.

Proposition 4 (Manufacturers separate and entrepreneurs pool: a short-term lease and a sales
contract offered). When the quality factor is large enough that f P f while the difference in the
maintenance cost between the type H and L entrepreneur is small enough that c < c, then the equilibrium in
the capital goods market involves the following:

(i) The type G manufacturer offers a short-term leasing contract, and the type B manufacturer offers
only a sales contract.

(ii) If the manufacturer offers the above leasing contract, both the type L and the type H entrepreneur
accept the short-term contract, purchase the equipment at time 1, and perform maintenance in
the first and the second period. Both types of entrepreneur believe the manufacturer to be of type
G with probability one in this case.

(iii) If the manufacturer offers only a sales contract, both the type H and type L entrepreneurs accept the
sales contract and do not perform maintenance, believing the manufacturer to be of type B with
probability one.

As discussed under Proposition 2, whether it is optimal for the type G manufacturer to have a type
H entrepreneur use his equipment for two or three periods depends on the maintenance cost of the
type H entrepreneur, the potential damage to the equipment due to lack of maintenance, and the
reduction in the type G manufacturer’s profit from having to charge a lower price which would allow
a type H entrepreneur to break even. Under the conditions characterized in this proposition, the type
H entrepreneur’s maintenance cost is small enough that the type G manufacturer’s profit from the
type H entrepreneur’s use of the equipment for an additional two periods exceeds his sacrifice in
the profit that he would earn from charging a fair price to the type L entrepreneur. Consequently,
the optimal choice for the type G manufacturer is to enable both the type L and type H entrepreneurs
to use the equipment for all three periods. The type G manufacturer can achieve this by offering a
short-term leasing contract, and charging a purchase price that is low enough that both the type H
and the type L entrepreneur will exercise the purchase option at time 1. The short-term lease offered
can also help the type G manufacturer to signal his firm type to the entrepreneur for the reasons dis-
cussed in the previous propositions.27
26 If her maintenance cost is large enough that Proposition 1(i.c.) holds, i.e. c P x � bd2x � cL, then the second best is achievable,
since in this case, the second best outcome calls for the type G equipment to be used by the type H entrepreneur for only one
period, which is the case in this proposition. If, however, her maintenance cost is smaller, so that it is in the range where either
Proposition 1(i.a.) or Proposition 1(i.b.) holds, i.e., c < x � bd2x � cL, then the second best is not achievable, since the second best
outcome requires the type G equipment to be used for more than one period.

27 In the above equilibrium, if the entrepreneur facing a type G manufacturer turns out to be of type L, the first best outcome
would be achieved, since a type L entrepreneur will accept the short-term lease and purchase the equipment at the end of the first
period for another two periods (performing maintenance in the first two periods). If, however, the entrepreneur facing the type G
manufacturer turns out to be of type H, then clearly the first best outcome is not achievable for the type G equipment, and the
second best is the appropriate benchmark. In this case, the second best outcome will be achieved, since the second best outcome in
this range of parameter values calls for the type G equipment to be used by the type H entrepreneur for all three periods with
maintenance performed for the first two periods (see Proposition 1 (i.a.)). The first best outcome is achieved for the type B
equipment here, since the first best outcome requires type B equipment to be used by either type of entrepreneur for all three
periods without performing maintenance.
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4.3. Equilibria with only a short-term lease offered

In the equilibria characterized in the previous sections, the type G manufacturer uses different
types of leasing contracts to separate himself from the type B manufacturer. However, when the qual-
ity of the type B capital equipment is significantly lower than that of the type G, achieving separation
in the initial period from the type B manufacturer will not be the equilibrium choice of the type G
manufacturer. We characterize such situations below.

Proposition 5 (Manufacturers and entrepreneurs partially separate: only a short-term lease
offered). When the quality factor is small enough that f < f and the difference in the maintenance cost
between the type H and L entrepreneur is large enough that c P �c, then the equilibrium in the capital goods
market involves the following:

(i) Both the type G manufacturer and the type B manufacturer offer a short-term leasing contract.
(ii) Both types of entrepreneur accept the above leasing contract. If the equipment is of type G, the type L

entrepreneur purchases the equipment at time 1 and maintains the equipment during the first and
the second periods; if the equipment is of type B, she does not perform maintenance and she does not
purchase the equipment. Regardless of the true type of the equipment, the type H entrepreneur uses
the equipment for only one period without performing any maintenance and she does not purchase
the equipment at time 1.28
If the quality factor f is sufficiently small (i.e., the quality of the type B capital equipment is sufficiently
lower than that of the type G), then the sales price that the type B can charge corresponding to the true
value of his own equipment is substantially smaller than the true value of the type G equipment. This
creates a strong incentive for the type B manufacturer to mimic the type G. The type G manufacturer,
therefore, has to set a significantly lower initial leasing price to prevent mimicking by the type B, thereby
incurring a large cost of separation. Given this, the type G manufacturer finds it optimal to pool with the
type B in the initial leasing period by offering the same short-term lease as the type B manufacturer does.
However, the type G manufacturer can still achieve separation in subsequent periods. At time 1, after rec-
ognizing the true type of the leased equipment, neither type of entrepreneur will purchase the type B
equipment, while the type L entrepreneur will purchase the type G equipment.

Further, given the high maintenance cost of the type H entrepreneur, i.e., c P �c, it is optimal for the
type G manufacturer to induce the type H entrepreneur not to purchase the equipment and instead
return the equipment to the manufacturer (since the residual value of the equipment is greater than
the profit that can be generated by the type H entrepreneur in the second and third periods). The type
G manufacturer can do so by setting a sufficiently large purchase price, so that the type L entrepreneur
exercises the purchase option at time 1 while the type H does not exercise. As a result, while the type L
entrepreneur pools with the type H in the initial leasing period, she will separate from the type H in
the subsequent periods, if the capital equipment is of type G.29
28 Since, at time 0, both types of manufacturers offer the same leasing contract, and both types of entrepreneur accept this
contract, the beliefs of manufacturers about entrepreneurs and of entrepreneurs about manufacturers remain the same as their
prior beliefs at time 0. At time 1, entrepreneurs are able to distinguish between the type G and type B equipment with probability
one (through their use of the equipment). At time 1, the type G manufacturer is also able to distinguish between the type H and
type L entrepreneurs with probability one, since only the type L entrepreneur purchases the equipment (while the type H does
not); the type B manufacturer is unable to distinguish between the two types of entrepreneurs even at time 1 since neither type
purchases the type B equipment.

29 In this situation, the first best outcome will be achieved for the type G equipment, for the reasons discussed under Proposition
3. The second best outcome may or may not be achieved for the type G equipment, depending on the maintenance cost of the type
H entrepreneur, for the reasons discussed under Proposition 3 (please see the discussion for the parameter ranges of this
maintenance cost where second best is achieved or otherwise). Unlike in the situation characterized in previous propositions,
neither first best nor second best is achievable for the type B equipment regardless of whether or not a type L entrepreneur is
available to lease the equipment. This is because neither type of entrepreneur uses the type B equipment for all three periods,
which the first best outcome calls for: while the type B manufacturer finds it profit maximizing to take advantage of the
asymmetric information facing entrepreneurs by offering a short-term lease on the same terms as the type G, neither type of
entrepreneur will purchase the equipment once the true quality of the equipment is revealed in the initial leasing period, since the
equipment is overpriced relative to its true quality.
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Proposition 6 (Manufacturers partially separate and entrepreneurs pool: only a short-term lease
offered). When the quality factor is small enough that f < f and the difference in the maintenance cost
between the type H and L entrepreneur is small enough that c < �c, then the equilibrium in the capital goods
market involves the following:

(i) Both the type G manufacturer and the type B manufacturer offer a short-term leasing contract.
(ii) Both types of entrepreneur accept the above leasing contract. If the equipment is of type G, they pur-

chase the equipment at time 1 and maintain the equipment during the first and second periods; if the
equipment is of type B, they do not maintain the equipment at all and do not purchase the equipment
at time 1.

Similar to the case in the previous proposition, the type G manufacturer chooses to pool with the
type B manufacturer in the first period by offering a short-term lease, since the difference in quality
between the two types of equipment is very large. However, in this case, the type H entrepreneur’s
maintenance cost is small enough that the value of the type G equipment if it is used by the type H
entrepreneur is larger than the residual value of the off-lease equipment to the type G manufacturer.
Thus, it is optimal for the type G to induce the type H entrepreneur to use the equipment during the
second and third periods. The type G manufacturer accomplishes this by setting the purchase price
low enough that the type H entrepreneur (as well as the type L) will choose to exercise the purchase
option at time 1. In summary, while the equilibrium is partially separating on the manufacturer’s side
(since, while both type G and type B offer a short-term lease, only the type G’s equipment is purchased
by entrepreneurs), it is fully pooling on the entrepreneur’s side.30

5. Service leases and metering in a simplified model

In this section, we will analyze the rationale for service leases and leases with metering, and inves-
tigate the conditions under which they are offered. Since our focus in this section is on the service and
metering provisions in leasing contracts rather than on the duration of leases, we will simplify our ba-
sic model from a three-period model to a two-period model. Thus, in this simplified model, equipment
cannot generate any cash flows to the entrepreneur after two periods and the residual value of re-
turned equipment is zero after time 2. All other features of the basic model will remain unchanged
in this simplified model. In the following, we first analyze service leases and then study leases with
metering.

5.1. Service leases

A service lease refers to a lease where a contractual provision in the leasing contract requires the
manufacturer (lessor) to provide maintenance to the entrepreneur (lessee).31 In other words, in a ser-
vice lease, a service contract is bundled with the leasing contract.

We modify two assumptions in the basic model here. First, we simplify the model to two periods
rather than three periods, as we discussed above. Second, we modify the menu of contracts that can be
offered, by allowing for the possibility of a service lease. Thus, the menu of contracts now consists of
three possible contracts: a short-term renewable lease with a service contract bundled with it (i.e., a
service lease); a short-term renewable lease without any service provision (as in our basic model); or a
sales contract.32 If a service lease is renewed, the entrepreneur obtains the use of the equipment for an-
other period, with the manufacturer obligated to maintain the equipment for the second period as well.
30 In this situation, the first best and second best outcomes will be achieved for type G equipment for the reasons discussed under
Proposition 4. However, neither first best nor second best outcomes will be achieved for type B equipment, for the reasons
discussed under Proposition 5.

31 In contrast, a lease where the entrepreneur (lessee) has the responsibility to maintain the asset is referred to as a net lease in
the leasing terminology.

32 Recall that, since there are only two periods in this simplified model, a long-term (two-period) lease would be identical to a
sales contract.
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Following the notation in the basic model, we will use M1 and R1 to denote the initial leasing price
and the renewal price, respectively, in the short-term lease without a service provision; M2 and R2 will
denote the corresponding prices in a short-term service lease. We denote the manufacturer’s mainte-
nance cost by cP. All other notations will remain the same as in the basic model. We now characterize
the situation in which a service lease is offered in equilibrium.

Proposition 7 (Equilibrium with service lease). When the quality factor is large enough that f P f and
the maintenance cost of the manufacturer cP 2 ½cL; ĉ�, there exists a separating equilibrium in the capital
goods market involving the following:
(i) The type G manufacturer offers two different leasing contracts: a short-term renewable service lease
and a short-term lease without a service provision. The renewal price on the service lease is higher
than that on the short-term lease without a service provision. The type B manufacturer offers a sales
contract.

(ii) If the manufacturer offers the above leasing contracts, entrepreneurs believe that he is of type G with
probability one. The type L entrepreneur accepts the short-term leasing contract without the service
provision, and at time 1, she renews her lease. She performs maintenance for the first period. The type
H entrepreneur accepts the service lease, and at time 1, she renews her lease. She performs no main-
tenance, relying on the maintenance performed by the manufacturer in the first period as specified by
the service lease.

(iii) If the manufacturer offers only a sales contract, both the type H and type L entrepreneur accept the
sales contract, and perform no maintenance in any period, believing the manufacturer to be of type B
with probability one.

The intuition behind the above proposition is as follows. The difference between the cost to the
entrepreneur for the net lease (i.e., the lease without a service provision) and that for the service lease
is such that the type L entrepreneur benefits from taking the net lease, while the type H entrepreneur
is better off accepting the service lease. In contrast to the case where no service lease is offered, the
type H entrepreneur also chooses to renew the (short-term) service lease, since the properly main-
tained capital equipment yields her a positive expected cash flow. Recall that, when the service lease
is not offered, the type H entrepreneur would have to incur a high cost to perform the maintenance, so
that she is better off returning the equipment after one period (without performing any maintenance
in the first period).

As before, the type G manufacturer chooses to offer leases in equilibrium to signal his type and to
prevent the type B manufacturer from mimicking. However, when his own maintenance cost is not too
large, the type G manufacturer chooses to offer a service lease rather than offering the leasing contract
without service described in the basic model. This is because, as discussed above, offering a service
lease induces the type H entrepreneur (as well as the type L) to renew her short-term lease and use
the equipment for two periods, thus generating greater cash flows compared to the situation in which
the type H entrepreneur uses the equipment for only one period and returns it to the manufacturer.
Given that the manufacturer can extract much of this additional cash flow generated by the type H
entrepreneur by charging a higher renewal price on the service lease, he is better off offering a service
lease. In equilibrium, the type G manufacturer also offers a short-term lease without service which is
accepted by the type L entrepreneur. Since the maintenance cost of the type L is lower than that of the
type H, she is better off taking the lease without a service provision and enjoying the lower renewal
price associated with that lease.

In the above equilibrium, the manufacturer’s maintenance cost, cP, may be lower or greater than
that of the type H entrepreneur, cH: in other words, the threshold value of cP for which the equilibrium
exists, ĉ, may be greater than cH. Further, ĉ is decreasing in the residual value of the returned equip-
ment to the manufacturer, b. Thus, when b is large, an equilibrium with a service lease exists only if
the manufacturer’s maintenance cost is lower than that of the type H entrepreneur. However, when
this residual value is lower, the type G manufacturer may offer a service lease even when his mainte-
nance cost is greater than that of the type H entrepreneur, as we show below.
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Corollary 1. When the residual value factor b < x � cH
dx , there exists an equilibrium where the type G

manufacturer offers the combination of a short-term service lease and a short-term lease without service
(as in Proposition 7) even when cP >cH.

The above corollary characterizes the conditions under which the type G manufacturer is better off (in
terms of maximizing his expected cash flow) offering a service lease even when his maintenance cost is
greater than that of the type H entrepreneur. In other words, under the above conditions, the manufac-
turer is better off eating the maintenance cost differential between himself and the type H entrepreneur
and offering maintenance through the service lease. If, instead, the type G manufacturer offers a short-
term lease without service, the type H entrepreneur would not renew the lease at time 1, and she will
return the equipment without performing maintenance. As discussed before, offering a service lease is
a better strategy for the type G manufacturer in the above situation, since, in the case of a service lease,
the type H entrepreneur will renew the lease and generate greater cash flows from the well-maintained
equipment, which can be extracted by the manufacturer through a higher renewal price. When the

equipment is sufficiently sensitive to lack of maintenance d < x�cH
bx

� �
or the residual value of the equip-

ment is low b < x�cH
dx

� �
, the difference in revenue to the type G manufacturer between offering a service

lease and a short-term lease without service is large enough that it is optimal for him to offer a service
lease even when his cost of providing maintenance is greater than that of the type H entrepreneur.

5.2. Leases with metering

‘‘Metering” refers to a contractual provision in leasing contracts which links the lease payments to
some measure of the intensity of the asset’s usage by the lessor (e.g., computer lease payments may be
linked to CPU cycles; automobile lease payments to odometer mileage, etc.). In many situations, leases
with metering may be the most efficient way for the type G manufacturer to segment entrepreneurs
(lessees), while simultaneously achieving separation from the type B manufacturer. We will character-
ize the conditions under which this is the case below.

Similar to the model in the previous section on service leases, we consider a simplified two-period
model here, where the value of any equipment is zero after time 2, both to the entrepreneur and to the
manufacturer. Also, unlike in the basic model, we now assume that entrepreneurs differ in usage
intensity. There are two kinds of entrepreneurs: the high-intensity entrepreneur uses the capital
equipment more intensely (for instance, for more hours per period) than the low-intensity entrepre-
neur. We assume that high-intensity use yields the entrepreneur a greater expected cash flow than
low-intensity use (we denote the cash flow ratio between low and high-intensity use by l, l 6 1).
Therefore, for the type G equipment, the low-intensity entrepreneur receives cash flows of lx at each
period, and the high-intensity entrepreneur receives cash flows of x for the same two periods. For sim-
plicity, we assume that, for the type B equipment, both types of entrepreneurs receive the same ex-
pected cash flows of fx in each period. The manufacturer has the ability to meter the intensity of
usage of the equipment using a metering technology at a cost m. To minimize complexity in this sec-
tion, we set the maintenance costs of both type H and type L entrepreneurs to be equal to zero
(cH = cL = 0). Similar to the basic model, we assume that the residual value of the equipment to the
manufacturer is b times the present value of the cash flows from the equipment to the low-intensity
entrepreneur.

In this section, we modify the menu of contracts that can be offered by allowing for the possibility
of a short-term renewable lease with metering. Thus, the menu of contracts consists of three possible
contracts: a short-term renewable lease with metering; a short-term renewable lease without meter-
ing (as in our basic model); or a sales contract. Following the notation in our basic model, we will use
M1 and R1 to denote the initial leasing price and the renewal price, respectively, in the short-term lease
without a metering provision; M2 and R2 denote the corresponding prices in a short-term lease with
metering. If the entrepreneur accepts a leasing contract with metering, she uses the equipment for one
period by paying an initial leasing payment M2 up-front at time 0, with an additional charge V at time
1 if she uses the equipment above a threshold usage u, as measured by metering. At time 1, the entre-
preneur has an option to renew the contract for another period by paying R2. On the other hand, if the
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entrepreneur accepts the leasing contract with no metering, she can use the equipment for one period
without any constraint on usage by paying M1 up-front at time 0, with an option to renew for one
more period by paying R1 at time 1.

Proposition 8 (Leasing with Metering). When the quality factor is large enough that f P f2 and the
metering cost is small enough that m 6 �m, the equilibrium in the capital goods market involves the following:
(i) The type G manufacturer offers two different leasing contracts: a leasing contract with metering; and
a leasing contract with no metering. The type B manufacturer offers a sales contract.

(ii) If the manufacturer offers the above leasing contracts, entrepreneurs believe that the manufacturer is
of type G with probability one. The low-intensity entrepreneur accepts the leasing contract with lim-
ited usage and metering, uses the equipment within the threshold level u, and renews her lease at
time 1. The high-intensity entrepreneur accepts the leasing contract with no metering, and renews
her lease at time 1.

(iii) If the manufacturer offers only a sales contract, both the high-intensity and low-intensity entrepre-
neurs accept the sales contract, believing the manufacturer to be of type B with probability one.33

As in the basic model, the type G manufacturer uses leasing contracts to prevent the type B from
mimicking. Further, metering allows the type G manufacturer to increase his expected profits by seg-
menting the user market between high-intensity and low-intensity usage entrepreneurs. Under the
contract with metering, the manufacturer sets a high charge for usage above the threshold level u,
so that the high-intensity entrepreneur does not accept this contract. At the same time, he sets a com-
paratively high initial leasing price in the leasing contract without metering (and unlimited usage),
which ensures that the low-intensity entrepreneur is better off choosing the metering contract rather
than the contract without metering. The only additional cost incurred in the equilibrium with meter-
ing is the metering cost (since the additional charge for usage above the threshold level is never in-
curred in equilibrium). When this metering cost is low enough, metering contracts will be offered,
since this enables the type G manufacturer to segment the market for capital equipment between
high-intensity and low-intensity usage entrepreneurs in the least-cost way.

6. Implications of the model

We now discuss some of the testable implications of our model.
(i) Implication for the prevalence of leasing contracts: The first implication of our model relates to the

kinds of equipment that are more likely to be leased rather than sold outright. Our model predicts that
leasing will be more prevalent in industries where there is a greater extent of asymmetric information
between manufacturers of capital equipment and entrepreneurs (users). In this context, the manufac-
turer’s private information need not necessarily be about the quality of the capital equipment, as we
discussed earlier: it may relate to any other aspect of the capital equipment which affects its value to
users: e.g., the manufacturer’s own future rate of introduction of a new product, which, in turn, affects
the rate of technological obsolescence of the capital equipment and thereby its value to users. Thus,
we predict that industries making use of newer technologies or those characterized by more rapid
technological change will have a greater proportion of capital equipment being leased compared to
those employing more conventional technologies and those having a slower rate of technological
change. Consistent with this prediction, Richter (1998) documents that the proportion of leased cap-
ital equipment in the semiconductor manufacturing industry is considerably greater than in other
industries characterized by a slower rate of technological change.34
33 The proof of this proposition is lengthy and is omitted due to space limitations. It is available in the working paper version of
this article.

34 This implication is also consistent with evidence from many other industries. For example, when GM introduced its new
electric car (the EV1), it was available only on a lease-only basis. (See Business Week, 03/03/97.) Also, IBM made its mainframe
computers available initially on a lease-only basis. Also, many kinds of medical equipment using the latest technologies are
initially made available primarily through leasing.
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(ii) Implications for contractual provisions in leases: Our model has several implications for the con-
tractual provisions in leasing contracts, and the relationship of these provisions to various character-
istics of the lessor and the lessee. The first implication is that lessees with a comparative advantage in
providing maintenance will use leased equipment for a longer period and renew their initial lease
more often, while lessees with a high opportunity cost of providing maintenance will use leased
equipment only for shorter periods, and renew their initial leases less often.

The second implication deals with the situations under which both short-term and long-term
leases will be offered, and for the situations under which leasing and sales contracts will co-exist
(see Fig. 2). Our model predicts that, when the extent of asymmetric information facing entrepreneurs
regarding the value of capital equipment is less severe, while the extent of asymmetric information
facing manufacturers regarding entrepreneurs’ maintenance costs is only moderately severe, both
short-term and long-term leases, as well as sales contracts, will be offered (Proposition 2). Second,
if the extent of asymmetric information facing entrepreneurs regarding the value of capital equipment
is extremely severe, only the short-term lease will be offered regardless of the extent of asymmetric
information faced by manufacturers about entrepreneurs’ maintenance costs (Propositions 5 and 6).
Finally, when both the extent of asymmetric information facing entrepreneurs about the value of cap-
ital equipment and the extent of asymmetric information facing manufacturers about the entrepre-
neurs’ maintenance costs are less severe, only a short-term lease and a sales contract will be
offered (Proposition 4).

The third implication deals with the existence of service leases (leases bundled with service con-
tracts). Our model predicts that service leases will be offered in situations where the manufacturer
either has a lower cost of providing maintenance compared to certain users, or the equipment is par-
ticularly sensitive to the provision of appropriate maintenance (so that the value of the equipment
deteriorates dramatically due to lack of maintenance, and the value to the manufacturer of any equip-
ment returned to him is low if the equipment has not been maintained properly) or both (Proposition
7). Thus, complex, specialized assets like mainframe computers and medical equipment are provided
under a service lease, since typically the manufacturer has a significant comparative advantage in the
provision of maintenance in these cases, and the equipment value is very sensitive to the provision of
maintenance.

The fourth implication relates to the presence of metering provisions. If it is relatively inexpensive
to ascertain the intensity of usage, leases will contain metering provisions allowing the lessor to dis-
tinguish between lessees of different usage intensities, and to charge higher intensity lessees a greater
amount (e.g., rental rates for farm equipment are often based on the number of hours of usage per day;
also truck and automobile leases containing mileage provisions). Thus, leases with such metering pro-
visions also allow the lessor to maximize profit by segmenting the market between these two types of
lessees (Proposition 8).

(iii) Implications for leasing costs and sales prices: The first implication in this regard is that the initial
leasing price per period will be greater on average for short-term leases than for long-term leases. The
second implication is for sales prices versus leasing costs: our model predicts that the equilibrium
sales price will be lower on average than the total leasing cost for an a priori indistinguishable piece
of equipment (since the average quality of leased equipment will be better than that of equipment
sold outright).35
7. Conclusion

Leasing is an important source of external financing for U.S. corporations: it has been estimated
that about a third of the capital equipment used by corporations is leased. However, the motivations
for leasing, and for the various contractual provisions in leasing contracts, are not yet fully understood.
In this paper, we developed a novel non-tax rationale for leasing in a double-sided asymmetric infor-
35 There is some empirical evidence indicating that the quality of off-lease cars is greater than sold cars of a similar age: e.g., Desai
and Purohit (1999), using auction data for a popular car model, provide evidence that the value decline for off-lease cars is lower
than those cars sold outright.
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mation setting, and analyzed how various contractual provisions in leasing contracts arise in equilib-
rium. We assume a capital goods market where the manufacturer of capital goods has private infor-
mation about the quality of goods he produces; entrepreneurs (users of these capital goods) come to
learn this quality only over a period of time. Each unit of the capital good requires a certain level of
maintenance in each period. Entrepreneurs differ in their cost of providing this maintenance; this
maintenance cost is information private to each entrepreneur. Leasing emerges as an equilibrium
solution to this double-sided asymmetric information problem. Various contractual provisions in leas-
ing contracts (e.g., short-term versus long-term leases with non-cancellation provisions, option to buy
at lease termination, and service leases) also emerge as equilibrium solutions under various alterna-
tive settings. Finally, leases with metering provisions emerge in equilibrium when entrepreneurs dif-
fer in dimensions other than their maintenance cost, such as their intensity of using the capital good.
An interesting aspect of our model is that, in equilibrium, leasing co-exists with a sales contract in
some cases, while it is the sole financing contract in other cases. We developed the testable implica-
tions of our model for the lease-versus-sell decision, the situations under which various leasing con-
tract provisions are appropriate, and for the relative magnitudes of sales prices and leasing costs for
leases with different contractual provisions.

The rationale for leasing we developed here is consistent with an argument often given by practi-
tioners for leasing, namely, that leasing allows the transfer of technological risk (e.g., the risk that the
technology underlying the capital equipment may not be appropriate for the use at hand, or may be-
come obsolete soon) from lessors to lessees. Our model suggests that, in a setting where lessors have
information superior to lessees about the technology underlying their capital equipment, such transfer
of technological risk indeed creates value even when both the lessor and lessee are risk-neutral. Thus,
our results can explain the high prevalence of leasing in industries using newer technologies (since the
extent of asymmetric information between lessors and lessees is likely to be more significant in these
industries).

It is not our view, however, that the double side asymmetric information rationale for leasing that
we developed above applies to all possible leasing situations: there are many interesting issues related
to leasing that cannot be fully explained by our model. For example, one interesting puzzle in the leas-
ing literature relates to why new cars are leased much more often than used cars despite the greater
extent of asymmetric information characterizing the latter market. Our model does not shed light on
the greater prevalence of leasing in the new car market, though it does predict that the variety of leas-
ing contracts observed in the new car market would not be observed in the used car market, given the
shorter remaining useful life of used cars compared to that of new cars (and the consequent lower
benefit to sellers from separating users in the used car market). Our model also does not shed light
on leasing by firms other than the manufacturer of the equipment leased (i.e., leasing companies,
which are less likely to have private information about the intrinsic value of the leased equipment).
Clearly, factors other than asymmetric information, such as taxes or the relaxation of a firm’s financial
constraint through leasing (as argued by Eisfeldt and Rampini, 2009) may be at work in the above sit-
uations. As is the case with other important corporate decisions, leasing also may have multiple driv-
ing factors, so that alternative rationales may apply, depending on the specifics of a given leasing
situation.
Appendix A. Proofs

Proof of Proposition 1. First, consider the case where the type H entrepreneur does not maintain
the type G equipment at all. In this case, if the type H entrepreneur uses the type G equipment for all
three periods, the value of the equipment from a social planner’s perspective is x + dx + d2x; if she uses
it for the first two periods and the manufacturer repossesses the equipment in the third period, the
value of the type G equipment is x + dx + bd2x; if she uses it only for the first period, the value of
the type G equipment is V1 = x + bdx + bd2x. Clearly, given b > 1, the latter alternative is more valuable
from a social planner’s perspective than the first two alternatives.

Now consider the case where the type H entrepreneur maintains the type G equipment. Note that it
is not optimal for the equipment to be maintained in the third period, given that the life of the
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equipment ends at time 3. In this case, if the type H entrepreneur uses the type G equipment for all
three periods and maintains the equipment for the first two periods, the net value of the equipment
is V2 = 3x � 2cH. Further, if the type H entrepreneur uses the type G equipment for two periods and
maintains it for only one period, the net value of the equipment is V3 = 2x � cH + bdx. Finally, given
our assumption that the residual value of the well-maintained type G equipment is smaller than its
value to the type H (and the type L) entrepreneur, it is never optimal for the type H entrepreneur
to maintain the equipment for two periods and use it for two periods or to maintain the equipment
for one period and use it for one period.

It can be shown that when c < x � bdx � cL (so that x � cH> bdx), V2 is the largest. When
c 2 [x � bdx � cL, x � bd2x � cL], V3 is the largest. When c P x � bd2x � cL, V1 is the largest. �

Proof of Proposition 2. The type B manufacturer’s problem is trivial. In equilibrium, the type B of-
fers a sales contract with S* = fx + fdx + fd2x. The type G manufacturer maximizes PG(CB), by offering
both a short-term lease and a long-term lease at the prices such that the type L entrepreneur will ac-
cept the short-term lease and the type H entrepreneur will accept the long-term lease. The type G
manufacturer prefers the type L entrepreneur to purchase the equipment at time 1, given our assump-
tion that the type L entrepreneur’s maintenance cost is low, i.e., cL < (1 � d)x. Thus, IL

ST ¼ 1, which
yields R 6 2x � 2cL. Further, if the type G manufacturer designs the long-term lease so that the type
H entrepreneur will exercise the purchase option at time 2, then the combination of such a long-term
and a short-term lease (satisfying all IR constraints and the IC constraint as discussed in Section 4.1.1)
would yield a smaller or at best an equal payoff to the type G compared to the short-term lease char-
acterized in Proposition 3. As a result, in equilibrium, the purchase price of the long-term lease
P > max(x � cH, dx), at which price the type H entrepreneur will not exercise the purchase option at
time 2, i.e., IH

LT ¼ 0. Now IR constraints (9) and (8) have only two indictor variables IH
ST and IL

LT:
xþmaxðx� cH; dxÞ � N P x�M þ IH
ST maxð2x� 2cH; dxþ d2xÞ � R
� �

;

and x�M þ 2x� 2cL � R P 2x� cL � N þ IL
LTðx� cL � PÞ:

ðA:1Þ
Consider the case where x � cH > dx. In this case, it can be shown that if IH
ST ¼ 1 and IL

LT ¼ 1, IR con-
straint (A.1) cannot be satisfied. If IH

ST ¼ 1 and IL
LT ¼ 0, the type G’s expected payoff is min[x +

/(x-cH), fx + fdx + fd2x] + (1 � /)(2x � 2cH) + /bdx, which is smaller than P1
G (we will derive P1

G below).
Thus, in equilibrium, IH

ST ¼ 0, and either IL
LT ¼ 1 or IL

LT ¼ 0. The equilibrium solutions to the type G’s
problem {M*,N*} = {M,Nj/N + (1-/)M = min[x + /(x-cH),S*], M, N6 x, and N �M = x � cH}, P* P x-cL,
and R* = 2x-cH � cL. In this case, the type G’s expected payoff P�G ¼ P1

G � min½xþ /ðx � cH), fx + fd
x + fd2x] + (1-/)(2x-cL � cH) + /bdx. On the other hand, in the case where x � cH < dx, the type G man-
ufacturer’s expected payoff is min[x + /dx, fx + fdx + fd2x] + (1-/)(x-cL + dx) + /bd2x and it is smaller
than the expected payoff when the type G offers a short-term lease as characterized in Proposition
3. Thus, the equilibrium characterized in Proposition 2 exists only if x � cH > dx.

This PBE described above satisfies the Cho–Kreps Intuitive Criterion. If a manufacturer offers any
sales contract with sales price S > fx + fdx + fd2x, or a long-term lease with initial leasing price
N > fx + fdx + fd2x, or a short-term lease with M > fx + fdx + fd2x, or a combination of a long-term lease
and a short-term lease with /N + (1-/)M > fx + fdx + fd2x (off-equilibrium moves), the entrepreneur
would infer the manufacturer being of the type B with probability 1. Thus, the type G manufacturer
has no incentive to deviate by offering the above sales contract and leasing contracts, since the type
B manufacturer would have a definite incentive to deviate whenever the type G has a (weak) incentive
to offer these contracts. Given the above off-equilibrium beliefs, the type B will not offer the above
contracts as well since no entrepreneur would accept these contracts offered by the type B. Further,
if a manufacturer offers a long-term lease with N 6 fx + fdx + fd2x (another off-equilibrium move),
the entrepreneur would infer the manufacturer being of the type G with probability 1, since the type
B manufacturer has no incentive to offer such contracts. However, the type G manufacturer has no
incentive to offer such long-term contracts since his maximum expected payoffs by doing so are smal-
ler than the expected payoff by offering the leases as characterized in Proposition 2.

Now we compare the expected payoff in the above PBE with the payoffs in other equilibria, and
derive the conditions for the above PBE to be satisfied as an efficient PBE. As we will prove later,
the type G manufacturer can also offer a short-term lease with a purchase price such that only the type
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L entrepreneur, but not the type H, finds it optimal to purchase the equipment at time 1 (as charac-
terized in Proposition 3). In this case, the expected payoff is P2

G (defined later). On the other hand,
the type G manufacturer can also offer a short-term lease with a purchase price such that both the
type L and the type H entrepreneur find it optimal to purchase the equipment at time 1 (as character-
ized in Proposition 4). In this case, the expected payoff to the type G manufacturer is P3

G (defined la-
ter). The type G manufacturer can also offer short-term leases to pool with the type B manufacturer (as
characterized in Propositions 5 and 6), with expected payoffs P4

G and P5
G (defined later), respectively.

Define c1 �min[/(x-cL) � /b(d x + d2x)/2, (1 � d)x-cL]; c2 � 1
1�/ ½ðfxþ f dxþ fd2xÞ � x � /bd2x�;

c3 � min[/(x � cL) � /bd2x, (1 � d)x � cL]; c4 � 1
1�/½ð1þ2/Þx � ðfxþ fdxþ f d2xÞ�2/cL � /bdx�;

c5 �min[/(x � cL) � /bdx, (1-d)x-cL]; f � ð1�hÞx
ð1�hÞxþdxþd2x

; f1 = {f j c1 = c4}� /ð1�/Þð2x�2cL�bdx�bd2xÞþ2xþ2/bd2x
xþdxþd2x

;

and f2¼ff j c2¼ c3g� xþ/ð1�/Þðx�cLÞþ/2bd2x
xþdxþd2x

; f3¼ff j c4¼ c5g� xþ/ð1�/Þðx�cLÞþ/2bdx
xþdxþd2x

. Note that f< f1, f1< f2, and

f1< f3. �c equals c1 if f < f1; c2 if f16 f < f2; and c3 if f P f2. c equals c1 if f < f1; c4 if f16 f < f3; and c5 if

f P f3. When f Pf and c6c<�c, the PBE characterized in Proposition 2 satisfies as an efficient PBE,
i.e., P1

G is greater than P2
G, P3

G, P4
G, and P5

G. �
Proof of Proposition 3. The type B manufacturer offers a sales contract with S* = fx + fdx + fd2x. The

type G manufacturer maximizes PG(ST) by offering a short-term lease. In order for the type L entre-
preneur to purchase the equipment at time 1, i.e., IL

ST ¼ 1, the purchase price R 6 2x � 2cL. On the other
hand, in order for the type H entrepreneur not to exercise the purchase option (i.e., IH

ST ¼ 0), max(d
x + d2x, 2x-2cH) � R < 0. Thus, the equilibrium purchase price R* = 2x � 2cL. Now the type G manufac-
turer maximizes PG (ST) = M + /b(dx + d2x) + (1-/)R*. In equilibrium, M* = min(x,S*), and
P�G ¼ P2

G � minðx; fxþ f dxþ f d2xÞ þ ð1 � /Þð2x � 2cLÞ þ /bðdxþ d2xÞ.
Similar to what we discussed in the proof of Proposition 2, it can be shown that the above PBE sat-

isfies the Cho–Kreps Intuitive Criterion. It can also be shown that when f P f and c P �c, the PBE de-
scribed in Proposition 3 satisfies as an efficient PBE, i.e., P2

G is greater than P1
G, P3

G, P4
G, and P5

G. �
Proof of Proposition 4. In this equilibrium, the type B manufacturer offers a sales contract with

S* = fx + fd x + fd2x. The type G manufacturer designs its short-term lease so that both the type L and
the type H entrepreneur will purchase the equipment at time 1, i.e., IL

ST ¼ 1 and IH
ST ¼ 1. This implies

that R P2x-2cL and max(d x + d2x, 2x � 2cH) � R P 0. When x � cH > dx, the type G manufacturer sets
the purchase price R* = 2x-2cH. Following the previous proofs, we can also show that M* = min(x,S*),
and P�G ¼ P3

G � minðx; fxþ f dxþ f d2xÞ þ 2x � 2cH . Similar to the proofs of Propositions 2 and 3, the
PBE here satisfies the Cho–Kreps Intuitive Criterion. Also, the above PBE satisfies as an efficient PBE,
i.e., P3

G > P1
G, P3

G > P2
G, P3

G > P4
G, and P3

G > P5
G, when f P f and c < c. �

Proof of Proposition 5. In this case, the type G manufacturer maximizes PG(ST), subject to the IR
constraint that the type L entrepreneur will accept the contract and purchase the equipment at time 1
and the IR constraint that the type H entrepreneur will accept the contract but will not purchase the
equipment at time 1:
ð1� hÞxþ hfx�M þ 2x� 2cL � R P 0 and IL
ST ¼ 1; ðA:2Þ

ð1� hÞxþ hfx�M P 0; and IH
ST ¼ 0: ðA:3Þ
It can be shown that the prices of the short-term lease to pool the type G and type B manufacturers
M* = (1-h)x + hfx and R* = 2x-2cL. In this case, the expected payoff to the type G manufacturer is
P�G ¼ P4

G � ð1 � hÞxþ hfxþ /bðdxþ d2xÞ þ ð1 � /Þð2x � 2cLÞ. Following the same steps as in the
previous proofs, we can show that the PBE here satisfies the Cho–Kreps Intuitive Criterion and satisfies
as an efficient PBE when P4

G is greater than P1
G, P2

G, P3
G, and P5

G, which holds when f < f and c P �c. Note
when f < f, �c ¼ c. �

Proof of Proposition 6. In this case, the type G manufacturer maximizes PG(ST), subject to the IR
constraint (A.2) and the IR constraint that the type H entrepreneur will accept the contract and pur-
chase the equipment at time 1:
ð1� hÞxþ hfx�M þmaxð2x� 2cH; dxþ d2xÞ � R P 0; and IH
ST ¼ 1: ðA:4Þ
The initial price of the short-term lease that pools the type G and type B manufacturers, M*, is the same
as that in Proposition 4, and the purchase price R* = min(dx + d2x,2x � 2cH). In this case, the expected
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payoff to the type G manufacturer P�G ¼ P5
G � ð1 � hÞxþ hfxþminðdxþ d2x, 2x-2cH). The equilibrium

here is an efficient PBE when P5
G is greater than P1

G, P2
G, P3

G, and P4
G, which holds when f < f and

c < �c. �
Proof of Proposition 7. The type G manufacturer maximizes PG = /(M2 + R2) + (1 � /)(M1 + R1)-/

cP, subject to the IC constraint that the type B manufacturer will not mimic:
/M2 þ ð1� /ÞM1 6 S; ðA:5Þ
and the IR constraints that the type H entrepreneur will accept the short-term service lease and renew
the lease at time 1:
�M2 � R2 þ 2x P �M1 þ x;

�M2 � R2 þ 2x P maxð0;�M2 þ xÞ;
�M1 � R1 þ xþ dx 6 �M1 þ x;

ðA:6Þ
and the IR constraint that the type L entrepreneur will accept the short-term lease without service and
renew the lease at time 1:
�M1 � R1 þ 2x� cL P �M2 � R2 þ 2x;

�M1 � R1 þ 2x� cL P maxð0;�M1 þ xÞ;
�M2 � R2 þ 2x P �M2 þ x:

ðA:7Þ
The type B manufacturer maximizes his sales revenue S subject to:
�Sþ fxþ f dx P 0;
/ðM2 þ R2Þ þ ð1� /ÞðM1 þ R1Þ � /ðcPÞP S:

ðA:8Þ
The equilibrium prices to the type G manufacturer fM�
1; M�

2g ¼{M1, M2j/M2 + (1-/)M1 = min(x,S*) and
M1, M26 x}, S* = fx + fdx, R�2 ¼ x;R�1 ¼ x� cL. The equilibrium payoff to the type G
P�G ¼ P6

G � minðfxþ fdx; xÞ þ x� /cP � ð1� /ÞcL.
On the other hand, if the type G manufacturer offers only a lease with service to pool the two types

of entrepreneur, his expected payoff is P7
G ¼ Minðfxþ fdx; xÞ þ x� cP . If the type G offers only a lease

without service, and sets the renewal price such that only the type L entrepreneur but not the type H
entrepreneur will renew the lease at time 1, then his expected payoff is
P8

G ¼ Minðfxþ f dx; xÞ þ ð1� /Þðx� cLÞ þ /bdx. If the type G offers only a lease without service and
set the renewal price such that both the type L and the type H entrepreneur will renew the lease at
time 1, then his expected payoff is P9

G ¼ Minðfxþ f dx; xÞ þ x� cH. Define c6 � x � bdx,
c7 � 1

/ ½cH � ð1� /ÞcL�, and ĉ �minfc6; c7g. Then, when cp 2 ½cL; ĉ�, P6
G > P7

G, P6
G > P8

G, and
P6

G > P9
G. Further, it can also be shown that when f P f, P6

G is larger than the type G manufacturer’s
expected payoff from any short-term lease that pools the type G with the type B manufacturer. Thus,
the equilibrium characterized in Proposition 7 is an efficient PBE when f P f and cp 2 ½cL; ĉ�.

It is straightforward to show that when b < x�cH
dx , ĉ > cH. In this case, the equilibrium characterized

in Proposition 7 exists even when cP> cH. �
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