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Abstract: This paper studies dynamic procurement design and the effect of bankruptcy
on this design. Firms differ in their ability to self-finance their presence in the market.
I study the optimal financial contract for the firm in need of funding and the opti-
mal procurement contract in a setting with both a self-financed and a cash-constrained
tirm. This paper identifies two reasons, the sampling and duality effect, for favoring
the financially weak firm and and one reason, the predatory effect, for not doing so.
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1 Introduction

The focus of this paper is on public procurement with an endogenously drawn num-
ber of bidders and whether dual sourcing can be maintained and should be so when
firms face severe financial constraints. In fact public procurement is an important part
of most countries” economic activity. In 2002 the value of public procurement was es-
timated to be about 16% of GDP in the EUll and around 20% in the United Stated?]
Consider the case of procurement by the public health authorities. With regular inter-
vals, the public health authorities need to provide new services or new facilities for the
promotion or provision of public health. In many tenders by the public health author-
ities the number of potential providers is fairly low. The potential effect of a change in
the number of competitors over time may have a huge effect on outcome and efficiency.

Furthermore, this type of procurement can in many cases result in dual sourcing/[]

With the last couple of years’ financial crisis, bankruptcy has been a major economic
and political concern. In May 2010, the U.S. bankruptcy filings were at their second
highest level since 2005ﬁ and, even as credit markets improve, we can still expect to
see firms filing for bankruptcyf] Furthermore, financial distress is not limited to the
private sector. Public sectors such as public health care are also affected | Even before
the financial crises, bankruptcy and financial distress was an issue in highly leveraged
health care organizationg’|and the financial situation is not likely to improve the situ-
ation for financially distressed hospitals. For instance, between 2000 and 2006 42 U.S.
acute care hospitals filed for bankruptcy protection and 67% of these hospitals eventu-
ally ceased operatingf| But financial distress is not limited to the health care sector or
the financial crises. In other sectors, such as construction, bankruptcy was also an is-
sue before the financial crisis. Calveras, Ganuza and Hauk (2004) points out that in the
US during 1990-1997 more than 80,000 contractors went bankrupt leaving unfinished

Thttp://ec.europa.eu/internal_market/publicprocurement/index_en.htm

?Handbook of Procurement (Cambridge University Press).

3This is for instance the case for ambulance contracts and rehabilitations centers in Norway. How-
ever, dual sourcing is not only limited to the public health sector. Anton and Yao (1992) point out that
in the public sector the application of this dual sourcing runs the gamut from high-technology systems for
telecommunications to their use in obtaining services such as refuse collection and street cleaning. In the pri-
vate sector procurements of items such as customized computer chips and commercial aircraft have involved split
awards.

4http://www.bankruptcy—statistics.com/us—bankruptcy—filing—rate—near—S—year—high.
html

°Bankruptcies: The Next Wave, Businessweek, July 29, 2009.

®See for instance Langabeer (2006) and Kim (2010)

"Moore, Coddington and Byrne (2009)

8Landry and Landry (2009)
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private and public construction projects with liabilities exceeding $21 billion.

This paper combines the two observation of bankruptcy and a low number of bid-
ders and studies the effect of this on dynamic procurement. In this paper there is a
trade-off between the need to secure future competition and the optimal allocation of
today’s provision. The main result of this paper is that when the procurement agency
and the investor behave non-cooperativelyf| and the financially constrained (highly
leveraged) firm is not efficient enough, then the first-period optimal procurement con-
tract should be biased. In other words one of the firms should be given a larger share
of total production than in the case where both firms face the same constraints. But
which firm to give an advantage is not clear and I identify three different effects; the
sampling effect, the predatory effect and the duality effect. In fact there is a trade-off
between more aggressive competition today[l'| (predatory effect) and the benefit of po-
tential future dual sourcing and competition (duality and sampling effect). On the one
hand some firms will behave more aggressively today in order to get rid of its com-
petitors in future periods. This allows the procurement agency to restrict its payment
in the first period. But this has a negative effect on second-period surplus because the
possibility for dual sourcing, and competition in general, decreases and second-period

rents increase.

In this paper there are two types of firms. On the one hand, there are self-financed
tirms with a “deep-pocket”, who have enough capital to fund their participation in the
market in every period. On the other hand, there are cash-constrained firms with lit-
tle or no proper funding (“shallow-pocket” firms). These latter firms rely on external
investors to fund their market participation and their existence in future markets de-
pends on their performance in today’s market and their financial contract. One could
think of a “deep-pocket” firm as being a big (multi-)national firm and a “shallow-
pocket” firm as being a local firm or a start-up[Both of these firms compete for the
procurement of a good or service (which can potentially be split between producers).

The market or procurement setting in question is one where the procurement agency

9This is for instance the case in public procurement because strict rule for competition in these tenders
forbid the procurement agency to finance only a selected group of market participants.

OThrough the self-financed firm accepting a lower transfer for the first-period contract.

An example of this would be the case of medical transport in Finnmark, Norway. In
2008, two out of three areas that were up for procurement went to Veolia, a strong player
in the Norwegian transport sector, and the last area was contracted out to Loppa Leg-
eskyssbdter, a firm with more local roots and which because of this contract can ensure fur-
ther existence on the market. For more information see http://www.altaposten.no/lokalt/
nyheter/article203130.ece and lhttp://www.helse-finnmark.no/pressemeldinger/
ambulansekontrakt-til-loppa-legeskyssbaater-article60750-25745.html
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wishes to procure a good or a service in each period. However, the good or service in
each period is not the same but similar enough so that the same firms have the com-
petence and skill to provide both goods. In the case of treatments of drug abuse, this
could be in-house (residential) treatment for abuse of a specific drug in one period
and outpatient services in the second period. Alternatively, it could be different types
of treatment programs in each period or going from one type of treatment program
to a polydrug treatment program Formally, in each period a procurement agency
decides how to split the provision of a good or service between the two firms (or orga-
nizations). The procurement agency can freely choose the optimal split of production
for dual sourcing (including degenerate splits that would be equivalent to sole sourc-
ing). However, since some firms do not have the ability to self-finance their presence
in the market, they need to borrow from an investor before entering the market. It is
assumed that there is a fixed cost of participation in each period[” The actual number
of firms at the second-period procurement stage will be endogenous and depends on
whether the financial contracts push to bankruptcy or not as well as the outcome of the
tirst-period procurement. This paper studies the optimal financial contract for the firm
in need of funding and the optimal procurement contract in a setting with self-financed

and cash-constrained firms.

The financial contract in this paper extends the result of Faure-Grimaud (2000) to
the case where the realization of profits is endogenously determined by an equilibrium
procurement mechanism. Because the “probability of non-liquidation” is increasing
in the efficiency of the firm and increasing in profits, the financial structure of the
tirms has implications on the design of the optimal procurement contract. If the fi-
nancially constrained firm doesn’t perform well enough in the first period, it risks
being liquidated by the investor. This gives incentives to the other firm to engage
in predation. Earlier literature on predation (Bolton and Scharfstein 1990, Snyder 1996
and Faure-Grimaud 2000) consider situations where profits are private information but
their value is exogenous. The level of profits and their distribution is taken as given
by all firms and either profits are privately observed by the firm or they are observable
but not Verifiable It should be noted however that this paper does not solely focus

2For instance, oploids abuse treatment program in the first period and alcohol abuse treatment pro-
gram in the second period would require different approaches for treatment.

B3This fixed cost could either be thought of as an investment in specialized production equipment for
this specific good or as a cost related to the research and work needed for the firm to learn its cost for
the specific project.

4By considering the financial contract as being a contract with a third party (and the procurement
contract being the main contract) my paper also relates to the literature on games with side-contracts.
For an introduction to this and related literature on games with third parties, see Gerratana and Kock-



on predation, but studies the allocation of production and distortions on this allocation

due to asymmetric information and differences in firms’ financial structure.

This paper analysis a situation where one of the firms need to contract with an
outside investor to obtain the necessary funds for market participation. Brander and
Lewis (1986), Faure-Grimaud (2000) and Spiegel & Spulber (1994, 1997) study the effect
of strategic acquisition of debt. This paper abstracts completely from these issues and
concentrate on situations where one firm is truly cash-constrained and the effect on the

optimal procurement contract of this cash-constraint.

A recent part of the literature on contract theory builds on Baron and Besanko (1984)
and looks at dynamic contracting. One part of this literature considers an environ-
ment with a dynamic population of agents whose private information remains fixed
throughout time (Gershkov and Moldovanu, 2009, 2010, Pai and Vohra, 2009, Said,
2010a, 2010b). This paper is related to this literature but takes a more applied ap-
proach. It also focuses on exit only and instead of imposing an exogenous stochastic
process for market exit, it uses the literature on financial contract and liquidation to

explain why a firm might have to leave the market.

This paper is organized as follows. The model is presented in Section 2| Section
solves for the benchmark procurement contract where none of the firms need a finan-
cial contract. The non-cooperative solution is presented in Section 4, In this section
the optimal financial contract as well as the optimal procurement contract and equi-
librium conditions are derived. Section 5| derives comparative statics while extensions

are discussed in Section 6} Section [/|briefly concludes.

2 The model

e Technology, information and preferences: There are four types of players in this
model; the investor, the procurement agency, the cash-constrained firm and the self-

financed firm.

There exists a competitive market for investors. Therefore a firm seeking funding

has all the bargaining power when it comes to the details of the financial contract/]

In each of the two periods, the procurement agency wants to divide the production

ensen (2009).
15As pointed out in Faure-Grimaud (1997) when the investor has all the bargaining power the optimal
contract has the same structure as in this case.



of an amount ¢ of a certain good between the two firms. It enjoys a gross surplus S
from the provision of such a service[[J”| Denote by ¢ the discount factor which can also

be interpreted as a measure of the importance of the second-period project.

The cash-constrained and the self-financed firms both have the ability to provide
the goods to the procurement agency. There is a fixed cost D to be paid in each period
for staying on the market and that the self-financed firm has got all the assets it needs
to pay this fee whereas the cash-constrained firm has no such asset. D needs to be paid
before each period by all firms who want to be present on the market. In other words,
D is not a cost to enter the market, D is a fixed cost related to a project and needs to be
paid for each new project/| Ex ante, the only difference between the firms is that the
self-financed firm has a “deep pocket” and does not need external financing to stay on
the market. The cash-constrained firm however, has a “shallow pocket” and need an

investor to finance him in order to stay on the market.

In each period a firm’s cost of procuring the required amount ¢ of the good is
C(0,q9) = 0q + u% where ;1 > 0. Here costs are convex. In general, convex costs
gives an intrinsic efficiency reason for using dual sourcing. Since costs increase with
the production level, splitting the production between two (or more) producers allows
the procurement agency to obtain the good at a lower total cost than if he used only
one provider. The specification of the cost function also includes the case of linear cost
(when y1 = 0). The parameter p is common to all firm and is public knowledge. But
¢ is private information and independent across time and firms. Furthermore, costs are

drawn from the same cumulative distribution function F'(#) with support © = [6, §].

The associated density function is denoted f(#). I assume that the inverse hazard rate

E

7 1S Increasing.

For ease of notation, denote by C the cash-constrained firm and S the self-financed

firm. Furthermore, define 0, = (01¢, 615) and 0y = (0ac, O25).

161 general, the per period total quantities g; and g» do not need to be the same. However, for
simplicity, ¢ = g1 = .

17 For instance, when the public health authorities decide to provide a treatment facility for drug
abuse, it seems reasonable that the public health authorities already knows how much of this good
it needs. This facility is needed to cope with a growing public health problem and will, in general,
not be very sensitive to production costs. So in this case it seems reasonable to assume that the total
quantity demanded is either fixed or varies very little. Another example where quantities are fixed
is the auctioning of broadcast permits for big events (such as the UEFA Champions League and the
Olympic Games). In general there is a fixed quantity of licenses and the decision concerns to whom
allocate these broadcasting rights and not how many licenses to allocate.

8This could also be thought of as an administrative cost associated with starting on a new project.

YIndustry specific



e Contracts: In this model there are two contracts, a procurement contract and a finan-

cial contract.

The procurement contract is a long-term contract which stipulates transfers to both
tirms and the associated quantities to be produced by the two firms in each period.
First-period transfers and quantities are only contingent on first-period announce-
ments ¢,. However, second-period announcement are contingent on first-period his-
tory (such as who dropped out of the market between periods and first-period an-
nouncements) as well as second-period announcement of types. Formally, the pro-

curement contract can be written

{Chc('), a1s(+), tic (), tis (), {@c (5 n), gas (), tac (5 n), tas (- n)})n1,2}7

where n represents the number of firms (one or two) left in the second period and is

observable (and verifiable) between periods.

A cash-constrained firm will have to finance its fixed costs by entering into a finan-
cial contract with an investor. As in Bolton and Scharfstein (1990) and Faure-Grimaud
(1997, 2000), a financial contract stipulates repayment schemes for the first period and
a non-liquidation probability function contingent on the cash-constrained firm'’s real-
ized profit in the first period as well as a repayment scheme for the second period®}
Denoting by R;(-) the repayment scheme in period i and by /(-) the non-liquidation

probability function, a financial contract can be defined as follows.
e Timing: The game therefore unfolds as follows:

1. First-period:
e The cash-constrained firm negotiates a financial contract with the investor.
This contract is not verifiable by outside players.
e Firms pay the fixed cost D and privately learn their first-period cost 6.

e The procurement agency offers a long-term procurement contract to the

firms and firms privately announce their first-period type.

e The outcome of the first-period procurement stage is realized and observed
by both firms and the procurement agency (but not by the investor).

2For further explanation regarding the financial contract and its structure see Section

7



e The cash-constrained firm announces its profits to the investor and makes its
first-period repayment. Depending on its announcement of realized profits,

this firm is forced by the investor to leave the market or not.
2. Second period:

e Firms that are still active on the market pay the fixed cost D and privately

learn their second-period cost.

o The second-period procurement stage takes place and firms privately an-

nounce their type.

e Second-period transfers and quantities are realized. These transfers and

quantities are only observed by the firms and the procurement agency.

e If the cash-constrained firm is still on the market, he makes the second-

period repayment in accordance with the financial contract.
This timing is summarized in the following figure.

First period Second period
‘ } } } } } } ‘ } } ‘
‘ ] T ] T T T T T ‘ T T ‘
Financial Pay Learn Procurement (¢;,q;) Repayment Pay Learn (iq,q2)
Contract D 01 Contract and D 02
refinancing decision

Figure: Timing

e Comments: Before presenting the benchmark and the results, some comments re-
garding the fixed payment, D, are in order. First, the cash-constrained firm cannot
falsely claim zero profits and default on its repayment to the investor in order to use
its profit to finance the second-period fixed cost itself. Although profits are unobserv-
able, claiming to have made zero profits and then being able to pay D can be seen as
a way of revealing that profits where positive and can therefore be prohibited by law

and punished accordingly.

Finally, I focus on the case of a relatively small D. In fact, if D is large enough, a
natural monopoly situation might be preferable. Here, I want to abstract from these
issues and focus on situations where competition is beneficial (but fragile in the sense
that some players are cash-constrained). Of course profits from the procurement stages
will be endogenous, but I will in what follows assume that the (endogenous) expected

value of participating in the market is higher than the up-front payment D.

8



o First-Best Procurement: Ignoring the difference in financial structure of the two firms
and with symmetric information in both periods, the procurement agency’s objective
is to maximize the expected intertemporal social surplus subject to the firms accepting
the deal in each period 1| Furthermore gros surplus is constant since the total quantity
q to be procured in each period is fixed, so maximizing expected intertemporal social
surplus amounts to minimizing expected total cost of procurement for both periods.
With public information on the firms” production costs, the procurement agency will
only pay the firms an amount equal to their costs. And finally, there is direct relation
between g and g,s which means that for each unit of the good or service that is being
provided the procurement agency will look at what firm can produce this additional
unit at the lowest cost. In other words, if possible the procurement agency is going to
choose to split the production so that marginal cost of each firm coincides. It is easy to
see that if this is not the case, then the procurement agency can reduce its payment by
transferring a small amount of the provision from the firm with a high marginal cost
to the one with a low marginal cost. However, sometimes™|such a split is not possible
because the marginal cost of one firm is above the marginal cost of the other firm for
all possible splits the production. In this case the procurement agency is going to ask
the most efficient firm (the one with the lowest marginal cost) to provide the entire

production.

Formally, in each period k and for an interior solution this yields the following

condition for the optimal solution for the cash-constrained firm’s production gxc(6y).

Ok + 1arc(Oke, Oks) = Oks + 11(q0 — qre Bk, Oks)). (1)

If one firm is inherently more efficient than the other so that (1) does not have a
solution in [0, g, then the optimal strategy for the procurement agency is to select sole
sourcing from the most efficient firm. Assuming that there is an interior solution to
this solution is such that at the optimal levels, (gxc(6k), grs(0x)), both firms pro-

duce at the same marginal cost.

2T require interim participation constraints in both periods. In fact, any firm that finds the second-
period part of the procurement contract unfair can choose to be inactive and not participate in the second-
period provision of the good. This assumption is based on a ruling by the U.S. Supreme Court (and
discussed in Spiegel and Spulber, 1994) stating that, a regulatory agency cannot force a firm to provide
a good or a service at a loss. In the Texas Railroad Comm. v. Eastern Texas R.R. Co. case of 1924 the
Supreme Court argued that ”If at any time it develops with reasonable certainty that future operations
must be at a loss, the company may discontinue operation and get what it can out of the property... To
compel it to go on at a loss, or to give up the salvage value, would be to take its property without just
compensation which is a part of due process of law.” (264 U.S. 79, 85 (1924)).

22For instance in the special case of linear costs (1 = 0).

BThis is the case when V(0xc, Ors), 0 < 1 + 9"‘52% <q.

9



Firm S is obviously asked to produce the complimentary quantity g,s(6x) = ¢ —
qrc (k). It is immediate to see that the only difference between the provision rule in the
tirst and the second period is that each rule uses the type of the firms in the associated
period. I can therefore simplyfy the notation and write ¢¢(-) for both ¢i1¢(-) and gac(+).
This first-best result generalizes the static result in Auriol and Laffont (1992).

In what follows, because total quantity in each period is fixed there can be no dis-
tortion of total quantity and I can therefore focus on the allocative role of asymmetric

information and financial structure on the distribution of ¢y () and gs(+), k = 1, 2.

3 Benchmark: No Financial Contract

In the absence of financial constraints both firms will be around in both periods and the
procurement contract is a long-term contract which stipulates for each firm, transfers
and quantities for each period. First-period transfers and quantities are only contin-
gent on first-period announcements of §;. However, second-period announcement are
contingent on first-period history as well as second-period announcement of types.

Formally a mechanism can be written as
{QIC(')v q1s(), tic(-) tis (), ({qac (), qas (), tac (), tzs(')})}-

Since surplus is fixed, the only issue is how to optimally allocated the production
between the firms. In other words, I will look for the split of production that minimizes
procurement cost subject to participation and incentive constraints. To do so, I make

use of the Revelation Principle (Myerson 1981).

At the beginning of the first period, the procurement agency chooses the menu
of contracts that minimizes his intertemporal expected total cost subject to first- and

second-period incentive compatibility and participation contraints.

The firms’ IC constraints are

U2i(917 92i) = He}a_X Uzi(el, B, éZz) :He}a_X Eegj {t2i<01a é2i7 92j) - 0(921', Q2i<(917 ézn 92]'))} )

Ui(01:) = n%ax U1i<é1ia 01) :méax Eelj{tu(éu, 91j) — C (0, Chi(éu', 91]'))

+9 (E(;Qi (Um(én,@lﬁgzi)) - D) }’
(i,5) € {C,S}*, i # j.

I immediately get:

10



Lemmal

o Uy(+) is convex in 0y; and absolutely continuous. Thus almost everywhere differentiable
in Oy; with at any differentiability point:

a%MUki(-) = —Ep,, [ari(0k)] - 2)

e Local second-order conditions for incentive compatibility can be written as:

Oy

o Local second-order conditions are sufficient for global optimality of the truthtelling strat-
egy.

Observe that implies that aeihUki(-) is non-decreasing in 6y;, so that the partici-
pation constraint is binding at § only. Integrating (2) with respect to 6;; yields

0
U2i(81; 921‘) = E@zj {/ Q2i(917 S, 92j)ds}
O2;

014

[4
Uli(‘911'> :E91j {/ qli(8,01j>d8} y (’L,j) & {C, 5}2, 1 7£ j

The procurement agency will therefore minimize expected total virtual cost where
virtual, as defined by Myerson (1984), refers to the actual cost plus the adjustment
(or rent) required for the mechanism to be incentive compatible. The procurement

agency’s optimization problem can thus be written

min Ey, 0, [ Z (euﬁhi(@l) + 5(911')(11z‘(91) + MQ1¢(91)2>
(ke ()aks () k=12 ’ iS¢ f 9
(01, 05)?
+9 Z (921'6]2@'(917 62) + /L% — D) }

i=S,C

subject to qrs(-) = ¢ — qre(+), qri(-) > 0 and go(-) < q for (i,5) € {C,S}?, i # j and
k=12

The optimal quantity ¢,¢(6) is independent of first-period types and, (unless it is a

corner solution) is given by

Ooc + 1gac(02) = O2s + (7 — q20(02)), (4)

11



and the optimal quantity ¢;¢(62) is given by (unless it is a corner solution)

F F
ic + 7(910) + uqie(61) = bis + 7(‘915) + (g — qic(6h)). (5)
Assuming that there exists a gyc(62) € (0, q) that solves the appropriate first-order
condition, then the optimal solution for the procurement agency is to adopt dual sourc-
ing with the cash-constrained firm producing ¢,¢(0:) given by (5) and ¢z (f2) given by
(). The self-financed firm produces the complementary quantity gus(-) = ¢ — qrc (k).

Because there is symmetric information on second-period costs at the time of con-
tracting, the first-best outcome can be implemented in the second period. In fact
second-period transfers are chosen so as to ensure second-period incentive compatibil-
ity and first-period transfers are decreased by the expected amount of second-period
transfers so that the regulatory agency can without giving up rents implement the first-

best in this period | It is also clear that this decision rule is independent of first-period
types.

In the first-period, the solution to equation [5|is such that the virtual marginal cost
of the cash-constrained firm for producing the second-period good equals the virtual
marginal cost of the self-financed firm for producing the same good. In the case where
both firm have the same efficiency (¢ = 6.5), the production is split into two equal
parts. If firms differ in their efficiency, the split is not equal.

If the left-hand side (LHS) of the above equation is always smaller than the right-
hand side (RHS), then sole sourcing by the cash-constrained firm is optimal and ¢, (6:;) =
. In this case, the virtual marginal cost of the cash-constrained firm is, for all admissi-
ble quantitie§”] lower than the virtual marginal cost of the self-financed firm and it is

therefore less costly to make the cash-constrained firm provide the entire quantity ¢.

If the virtual marginal cost of the self-financed firm is smaller than the virtual
marginal cost of the cash-constrained firm for all ¢ € [0, g| then sole sourcing by the

self-financed firm is optimal and ¢;5(61) = ¢.

To sum up these findings, given the types of the firms, the procurement agency
chooses to split the production in the most efficient way between the two firms. If one
firm is inherently more efficient than the other then the procurement agency will opt

for sole sourcing. However, in the opposite case, when firms differ less in their types,

24The rent it has to give out in the second period to ensure incentive compatibility has been “recov-
ered” in the first period through decreased transfers.
25V(]1C € (OaQ)

12



the procurement agency will opt for dual sourcing since it allows to enjoy lower costs.
In this case the procurement agency will ask the firms to produce quantities such that
their respective virtual marginal costs are equal because if the procurement agency
transfers some of the production from one firm to the other, the overall production

cost increases.
Rearranging (5) we get

O1s + ?(915) —Oic — ?(910)
241 '

qic(th) = g =+ (6)

Since the inverse hazard rate is increasing, it is straightforward to see that the most ef-
ficient firm produces more both under symmetric and asymmetric information. How-
ever, under asymmetric information the distortions are going to be such that the pro-
curement agency will favor the more efficient firm even more in order to reduce the
rent he has to pay for the firms to behave truthfully. In a standard principal-agent
framework with a non-constant surplus function, quantities are reduced (distorted
downward) to reduce the rent of the agents. Here total quantities are fixed, but by
shifting some of the production from the less efficient firm to the most efficient one the
procurement agency decreases the rent he has to pay to high types which again allows
him to reduce the rent to more efficient typesP’| Therefore, when the cash-constrained
firm is more efficient than the self-financed firm, ¢;¢(¢,) is shifted upward compared
to the first-best case. For the same reason, when the self-financed firm is more effi-
cient than the cash-constrained firm, ¢;¢(6;) is shifted downward to allow more of the

production of the efficient the self-financed firm.

The findings in the case where firms have no financial constraints are summarized

in the following Proposition.

Proposition 1 When none of the firms face financial constraints, the optimal solution is to im-

plement the first-best quantities in the second period and first-period quantities are such that, if

e E(9g)—o—E
V(0c,0s), £+ b (GS)QMOC 1) ¢ 0, g, then (non-degenerate) dual sourcing is optimal. Fur-

thermore these production levels are such that each firm produces at the same virtual marginal

cost.

This result can be viewed as an extension of Baron and Myerson (1982) and Auriol

26The more efficient you are the more rent you will require. But if the inefficient types get very little
rent, then an efficient type will be more willing to accept lower levels of rent since this is still better than
deviating.
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and Laffont (1992) to the dynamic contracting problem, and as a multi-agent version
of Baron and Besanko (1984).

It can also be shown that the result in the previous Proposition extends to the case
where the regulatory agency and the investor are the same entity/’| A contract in this
setting will be defined in the same way as the contract above except that it will also in-
clude a refinancing decision between periods and second-period quantities and trans-
fers are also contingent on the number of firms around in this period. In other words,

a dynamic (cooperative) contract can be written as

{%C('), q1s(), tic (), tis (), B(), ({aac (- n), s (+sn), tac (5 1), tas (; n)})n:1,2}7

where f(-) is the probability of non-liquidation of the cash-constrained firm between

periods.

The optimal contract in this setting is such that the cash-constrained firm is always
refinanced and transfers and quantities are the same as in Proposition |1} This is sum-

marized in the following Proposition.

Proposition 2 When the procurement agency and the investor behave cooperatively,

o It is always optimal to refinance the financially constrained firm.

o The optimal quantities are the same as in Proposition

4 Non-Cooperative Solution

In this section, I study the optimal dynamic procurement problem when one firm is
financially constrained. Here financially constrained refers to the fact that the firm in
question does not have enough cash to finance the fixed cost D and therefore needs to
contract with an outside investor. In many cases, especially in public procurement, the
procurement agency does not offer financial support for potential service providers.
Firms in lack of financial resources therefore have to contract separately with their

investors.

In this setting I need to characterize two distinct contracts; the optimal long-term

procurement contract and the optimal financial contract.

%Or behave cooperatively.
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For future use, define the cash-constrained firm’s first-period realized profit as
2
I, (01) = tic(01) — bieqre(01) — H%-

Notice that because there is no communication among players between the offer-
ing of the two contracts, the timing of the financial contract and the first procurement
contract is such that it is strategically equivalent to a simultaneous game. When two
principals contract simultaneously with an agent, but each principal (investor and pro-
curement agency) only controls part of the agent’s activity, then the Revelation Princi-
ple does not necessarily hold |

Looking at the non-cooperative solution to this problem I first derive best-replies
for the procurement agency and investor. On the one hand, I characterize the investor’s
financial contract. On the other hand, I study the behavior of the procurement agency.
Having obtained the best-reply contracts for each principal, I characterize a Nash equi-

librium of this game.

This section starts by deriving the optimal financial contract for the cash-constrained
tirm. Then I present the optimal procurement contract and the equilibrium conditions

for this game.

4.1 Optimal Financial Contract

Without asymmetric information, the financial contract between the investor and the
cash-constrained firm would simply be a sharing rule of realized profits between the
investor and the firm in exchange for the investor paying D. However, when prof-
its are privately observed by firms we need a more sophisticated mechanism. Here, I
make the assumption of private information on realized profits because costs are pri-
vately observed by firms and also the announcements in the procurement stage remain
private@ Furthermore, for the investor, the outcome (quantities and dual/sole sourc-
ing decision) in the procurement contract is non contractible. Once a firm has realized
some profits, it needs to be induced to repay the investor rather than strategically de-

faulting by pretending not to have made any profits. Following Bolton and Scharfstein

ZMartimort (1992) and Martimort and Stole (2002) shows that in situations where several principals
control the agent’s activity through non linear tariffs, the Revelation Principle does not apply, and needs
to be replaced by a weaker concept; the Delegation Principle.

PBolton and Scharfstein (1990) point out different reasons for contracts not being profit-contingent.
First, the managers of the firm might be able to divert profits (cash-diversion argument). Second, the
firm in question might be related to another firm and therefore has some flexibility in the (joint) alloca-
tion of costs and revenues between these firms. These reasons for non-contractibility carry over to this

paper.
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(1990) and Faure-Grimaud (2000), I study contracts with a repayment schedule and a
“reward” function. If a firm claims to have made no profits in the first-period just in
order not to pay back the investor, he can be punished by not being refinanced in the
second period. This penalizes default deviations and helps the investor in monitoring

the firm.

A financial contract consists of repayment schemes for each period and probabili-
ties of the firm being refinanced in the second period. A priori, if the identity of the
producers chosen to produce a non-negative quantity in the first-period is publicly an-
nounced, the financial contract could be contingent on this information. However, in
the case of dual sourcing, knowing the type of one particular firm is not sufficient to
deduce the profits earned by the cash-constrained firm. Indeed, the investor must also
learn the type of the other firm (which the investor has no contact with). Or equiva-
lently, the investor needs to know the quantity produced by the cash-constrained firm.
In fact, if the investor knows both firms’ type he can deduce the quantities and if he
knows one firm’s type and the quantity he can deduce the other firm’s type in the case
of dual sourcing. With sole sourcing the other firm’s type becomes irrelevant for the in-
vestor. Notice however that the only reason for which the investor wants this informa-
tion is so that he can deduce the profit level of the cash-constrained firm. Having this
in mind, I will therefore take a different approach and assume that the financial con-
tract is contingent on the (announced) profit level of the cash-constrained firm rather
than on its type and quantities produced. To simplify the exposition I will assume that
the investor cannot make the contract contingent on which and how many producers
are chosen. The reason being either that this information is not public (or verifiable) or

that the investor only cares about profits.

Formally, a financial contract is a menu

A

{(R1(ILy), (R (11, 1)), B(T1)) },

where Ry ( f[) is the repayment in period 1 for a firm announcing profit level I1,, Ry (f[l, ﬂg)
is the repayment in period 2 for a firm announcing profit level fh in the first period and
II, in the second period, and, finally, 3 (ﬂl) is the probability of being refinanced in the

second period following this annoucement.

A financial contract is a menu of repayment and refinancing probabilities that sat-
isfy three types of constraints: incentive compatibility (IC), limited liability (LL) and
individual rationality (7 R?) constraints. The two first types of constraints are related to

the firm whereas the latter is related to the investor (hence the superscript 7). In fact,
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since there is perfect competition between investors, the financial contract will maxi-
mize the firm'’s expected inter-temporal profit subject to the participation constraint of

the investor (and, of course, incentive compatibility).

For ease of notation I denote by I1¢ the ex ante expected profit in the second-period
procurement contract (given that both firms are still on the market). Both II; and I1¢
are endogenous and will be determined by the procurement stage. Define G(II;) =
Prob{6,,11;(61) <11, } and g(II;) the associated density function. The support of I1; (6;)
is [minIT; (6, ), max 1, (6, )] and, to simplify notations, I use I, = maxII(¢;) and II =
min IT; (6;).

Before solving the above optimization problem, let us define what is meant by a

debt contract.

Definition 1 A debt contract is a financial contract {(Rl(ﬂl), ﬁ(f[l))} with a fixed first-
period repayment and where upon repayment the firm is always refinanced. If the firm cannot

repay the required fixed amount, he has to give his entire profit to the investor and risks liqui-
dation (B(I1;) < 1).

Proposition 3 (Faure-Grimaud, 2000) The optimal financial contract {(Rl(ﬂl), Ry(ILy), (fll))}
takes the form of a debt contract with all Ry(.) equal to zero.

o If the firm makes high enough profits, it reimburses a fixed amount II* and is never
liquidated.
VHl > HI, B(Hl) = 1and Rl(Hl) = HT

o If profits are not high enough, the firm has to repay all it has and the probability of
refinancing is less than one.

VIL, <IT;, (1) = 1 — it < Land Ry(I1) = 11,

The fixed repayment is given by the following equation

/ﬁl [Ri(Iy) — 643(I1,) D]dG(11y) = D

1L,

or equivalently

¢ —p [m
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Notice that the financial contract is the same as in Faure-Grimaud (2000). If the
cash-constrained firm is sufficiently efficient, it is always refinanced and does not pay
its entire first-period gain. If the firm is less efficient, but it produces in the first-period,
it is refinanced with a certain probability and has to pay its entire first-period gain
from the production. The difference with Faure-Grimaud (2000) is that profits, II,, are
endogenous and are determined by the procurement contracts. Recall that the financial
contract is a best response to a given profit distribution. Proposition [3| characterize
the optimal financial contract for a given distribution of profits, but this distribution
will be determined by the contract offered by the procurement agency. After having
characterized the optimal procurement agency, this paper determines the endogenous

distribution of profits that occur at equilibrium.

The debt contract described in the above Proposition also resembles the “smoothed
debt” contract presented in Hart and Moore (1998). In that model, the focus is slightly
different from here and the authors focus on a situation with symmetric unverifiable
information and renegotiation. In their setting they derive sufficient conditions for

debt contracts to be optimal.

4.2 Optimal Procurement Contract

The optimal procurement contract is a menu of transfers and quantities for both firms
contingent on the types in the corresponding period™|and the number of active firms
in this period. In previous sections, the two firms were active in both periods. Here,

there is a possibility of only one firm being active in the second period.

e Both firms are present in the second period: If both firms are still present on the
market and given the repayment scheme for the second period (which I have now

shown is always equal to zero), the problem is the same as in Section

¢ Only the self-financed is present in the second period: If only the self-financing firm
is left on the market in the second period, it is immediat that it provides ¢. In this case

incentive compatibility implies that tj% = 0g + u% and therefore U (0y5) = (0 — 025)4.

Clearly the principal’s surplus when there is only one firm left on the market in the
second period is lower than when there are two firms. This is simply because the firm’s

rent when he is in a monopoly situation, II"™, is higher than when there is competition,

30Because types are independent across time, second-period transfers and quantities which can be
contingent on first-period types, will at the optimum be independent of first-period types and this con-
tingency is therefore ignored. This is discussed and proved in Section 3}
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114F]]
o First-period optimal procurement contract

Incentive compatibility of the first-period part of the contract requires that the pro-
curement contract, {qlc(él), q15<é1), tlc(él), tlg(él) }, satisfies the following incentive
constraints.
q1c(0,015)?

2
— Ry (T1; (64, é)) + 05 (114 (6, é))Hd},

tic € arg max Eg,s{tic(0,015) — 01cqic (0, 615) — 1

where IT; (6, 0) = t10(0, 615) — Oreque(0,015) — /ILQIC(%GIS)Q.

From the incentive compatibility and Lemma |2, —R; (I1;) + 6 3(I1; )1 = C.The cash-
constrained firm completely internalizes the effect of the financial contract and only

considers the effect of his first-period type announcement on first-period profits.

Incentive compatibility for the self-financed firm can be written as

Q1S(9107 9)
2

~ ~ 2 ~
s € arg max Eo, o {t1s(01c,0) — bisqis(bic,0) — + 011(61c, 0) }

where

Eg,.(L(61¢,0)) =Ep, . { BT (61¢, 0, 010)) 1 + (1 — B(IL1(b1¢, 0, 6:0))I™} — D

It is clear that the expected profit of the self-financed firm depends on the financial
contract of the cash-constrained firm. If the self-financed firm, through its behavior in
the first-period, can reduce the value of 3(6), it can increase its own expected profit

from the second-period.

So even if the cash-constrained firm internalizes the effect of the financial contract,
its competitor, the self-financed firm, does not and a predatory effect from the finan-
cial contract appears in the self-financed firm’s first-period incentives. This will be of

crucial importance in the next Proposition.

The optimal procurement contract also needs to satisfy the participation constraints.

For the cash-constrained firm this writes

Uic(bhc) = Eg, s {tic(01) — Orcqic(61) — p

2
@%?l+0}20

3INote that here the only remaining firm gets the entire production of g. Because of the assumption
that g is fixed, there is no room in this model for strategies such that when only one provider is available
total provision is reduced. Here, it is as if demand is inelastic and the cost does not matter. For instance,
it is not because only one institution is available to treat drug abusers that the public sector wants to
reduce the availability of the treatment. Drug abuse is a serious problem, that needs to be dealt with,
regardless of the competition for the provision of this service.
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And the participation constraint of the self-financed firm:

q15(61)?

Urs(bhs) = Egy. {t15(61) — brsqus(61) — 5

+0I1(61) } > 0.

Lemma (1] still applies and the participation constraint will be binding for the least

efficient type only and therefore

7
Uli(eli) = Eelj / Q1z‘(3)d5~
01
e Optimization Replacing transfers in the regulatory agency’s minimization problem
by the expression derived using incentive compatibility constraints and participation

constraints yields the following relaxed minimization problem.

. F
min Ey, 0, [ E <9uCI1z‘(Q1¢) + qui(gh.) + —(QM)QU(QM)) + Ry (I1;(61))
(qki())i=C,8,k=1,2 o 2 f

+ 05(114(04)) Z (92#]21‘(921) + gqi(%i))

i=C,S
601 310 (61)) (6 + a°) - o1
subject to

7= qro(*) + qrs(*)

It is straightforward to conclude that second-best production still follows the first-
best provision rule as defined in equation 4l In other words, the second-period split
of production is such that firms produce at the same marginal cost (unless there is a

corner solution).

Denote the expected second-period transfer when there is only one firm left on the

market, 7¢, and when there are two firms around, T¥.

m m 0~ K

d _ o apr) Eoo
Ty = Ey, [ng (9216121(92) + 2%@(92) + 7 (921)%(‘92))]

And the expected profits
" = Eg,g [(6 - 0)q]

?(921)%1(92)]-
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The condition II; > IIj in Proposition 3| can be replaced by ;¢ < 6*(61s) where
6*(61s) is such that I, (0*(0,s), 61s) = 1I;. The expected probability of non-liquidation
can therefore be rewritten in the following way.

"F
7(910)q10(91)dF(910)
9*

1

Eq, B(6h) :WEel

Piecewise optimization yields the following two conditions for interior solution. If

6o < 60*(015) then the optimal quantity ¢;¢(6,) satisfies:

the + ?(910) + pnqic(bh) = big + ?(915) + u(q — qic(61)), (8)

If 61¢ > 0*(615) then the optimal quantity ¢,¢(6,) satisfies:

F F
010 + 7(910) + uqlc(el) — %7(910) (Hd S | O oL Tm)
=05+ 5(615) + (7 — e (6h)) ©)

S

In the case where the cash-constrained firm is sufficiently efficient compared to the
self-financed firm, the condition giving the optimal quantity is the same as when firms

are symmetric in their financial structure.

However, when the cash-constrained firm is not sufficiently efficient compared to
its competitor, the condition changes slightly. But it can be interpreted in the same
way as the previous conditions for goc. If there exists a ¢1c(61) € (0,7) that solves (9),
then the optimal solution for the procurement agency is to adopt dual sourcing with
the cash-constrained firm producing ¢ (61) given by (9) and the self-financed firm
producing ¢15(61) = ¢ — qic(61). Furthermore, this means that the virtual marginal cost
of the cash-constrained firm equals that of the self-financed firm plus an extra term. If
the left-hand side of (9) is always smaller than the right-hand side then sole sourcing
by the cash-constrained firm is optimal and ¢,¢(61) = ¢. If the left-hand side of (9) is
always bigger than the right-hand side, then sole sourcing by the self-financed firm is
optimal and ¢;5(61) = q.

Define the cash-constrained firm’s modified virtual marginal cost as its virtual marginal
cost plus the bias term (which can be positive or negative). When 6, < 6*(6;5), the

virtual marginal cost and the modified virtual marginal cost coincide.

Proposition | summarizes these findings.
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Proposition 4 e Suppose that one of the firms faces a financial constraint and that there
is an interior solution to the procurement agency optimization problem. Then, in the
first period, the procurement agency chooses qic(61) according to when the cash-
constrained firm is relatively efficient. When the cash-constrained firm is not sufficiently

efficient, it is optimal for the procurement agency to slightly bias the procurement rule
following (9).
The optimal q10(01) and q15(61) are such that the (possibly modified) virtual marginal

cost of the cash-constrained firm equals the virtual marginal cost of the self-financed firm.

e [n the second-period, the first-best solution remains optimal.

If the cash-constrained firm is sufficiently efficient, the split of production remains
the same as in the benchmark case without financial contracts. This is because when
the profits of the cash-constrained firm is high enough it is always refinanced. How-
ever, when the self-financed firm is not efficient enough, condition @[) takes into ac-
count the effect of the split of production on the financial contract (or more precisely
on the probability of refinancing) and thus the effect on second-period surplus and
profits. The sign of the bias term is ambiguous (even in the linear case). If the effect
on net gain for the procurement agency in the second period is higher than the ef-
fect from the self-financed firm being more aggressive (requiring a lower transfer in
the first period), then the cash-constrained firm will be asked to produce at a higher
level than in the benchmark. This will increase its probability of being refinanced as
well as the expected surplus of the procurer in the second period because the prob-
ability of more competition increases. In the opposite case, when the gain from the
self-financed firm being more aggressive today outweighs the gains from increased
competition tomorrow, then the interior solution for ¢;¢(6,) is such that the virtual cost
of the self-financed firm is lower than the virtual cost of the cash-constrained firm and
the cash-constrained firm will therefore be asked to produce at a lower level in the first

procurement contract.

In fact there are three different effects that influence the trade-off between favoring

the cash-constrained firm or the self-financed firm.

Define
= {4 -1 -7+ 7™}

If P is positive, then the procurement contract will favor|the self-financed firm, but if

32Here favored means increased production by the favored firm.
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P is negative the cash-constrained firm will be favored. To determine the effects in P,

replace the expected transfers and profits by their value so that

P = /@2 { <920 — O35 + ?(920)) q20(02) + p1g20(02)(q2c(02) — @)}dF(ezc)dF(925>

Denote p(6;) the integrand of this integral. If the solution for ¢, (6-) is interior, using

@), I get

pl6) = 6a0)20(6:) — i (6s).

The first term in this expression is the predatory effect and the second term the duality
effect. It is easy to see that the second term is negative. Thus the duality effect favors
the cash-constrained firm. Since convex costs in itself is a reason to consider dual
sourcing, favoring the cash-constrained firm increases the probability that both firms
are active in the second period and thus increases the probability that the dual sourcing

option is available in this period.

In the definition of P, the procurement agency’s expected surplus and the self-
financed firm’s expected profits are taken into account. The cash-constrained firm’s
expected profit does not enter into this expression. Having both the procurement
agency’s expected surplus and the self-financed firm’s expected profits in the equations
means that the procurement agency is not preoccupied by the amount of rent given to
this firm because this amount is recovered by the procurement agency through the
self-financed firm’s more aggressive bidding in the first period. This is not the case for
the cash-constrained firm, and the principal takes into account that giving up rent to
this firm cannot be recovered and is therefore costly. The predatory effect is therefore

positive and favors the self-financed firm.

If the solution is such that ¢oc(62) = 0, then p(f;) = 0. However, if the solution is
such that g, (63) = ¢ then

p(6:) =§(920)C]+ (B2 — b25)q.

Again there is a predatory effect, Here, it is actually stronger since ¢»c(62) = ¢. The
opportunity cost of giving up (non-recoverable) rent to the cash-constrained firm is
higher. The second effect is an sampling effect, which is negative because g¢»c(6-) is
equal to ¢ only when the cash-constrained firm is more efficient than the self-financed
firm. Therefore the effect favors the cash-constrained firm. In fact, to make sure that

there is competition in the second period, which itself implies that the probability of
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drawing a low marginal cost for the industry is higher, the procurement agency is

willing to bias the procurement in favor of the cash-constrained firm.

Proposition 5 There are three effects that dictate what firm to bias the production in favor of.

o Sampling effect: Favor the cash-constrained firm to benefit from an increased probability
of low production cost in the second-period.

o Duality effect: Favor the cash-constrained firm to benefit from the possibility of dual
sourcing in the future.

e Dredatory effect: Favor the self-financed firm to save on first-period transfer and reduce
the opportunity cost of second-period rent.

If the duality and sampling effect dominates the predatory effect, the procurement
contract is biased in favor of the cash-constrained firm. Otherwise, it is biased in favor

of the self-financed firm.

4.3 Equilibrium

In the presentation of the optimal procurement contract above I have already taken into
account the interaction with the financial contract. This has been done by replacing
variables and function related to the financial contract by their corresponding values
in the financial contract and by using Lemma 2| As pointed out in Section the
optimal financial contract is characterized for a given distribution of realized profits.
But these profits are endogenous and depend on the optimal procurement contract. In
order to fully characterize the Nash equilibrium of this game, it remains to characterize

this distribution function.

Section4.2] pins down the optimal split of production in each period, but because in-
centive compatibility is required before the firm learns the type of its competitor there
exists an infinity of solutions for the associated transfers. To be able to characterize an
equilibrium I focus on transfers that are not only Bayesian incentive compatible but
are also dominant strategy incentive compatible (Mookherjee and Reichelstein, 1992).

Following U.S. Supreme Court rulingg™} this ensures a reasonable rate of return to the

3 The Permian Basin Rate Case (390 U.S. 747, 1968), the Federal Power Commission v. Hope Natural
Gas Co. (320 U.S. 591, 1944) and Texas Railroad Comm. v. Eastern Texas R.R. Co. (264 U.S. 79, 85 (1924)).
For further explanation see Spulber (1989, chapter 10).
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firm and ensures that the actual production and transfer do not lead to profit losses™]

Using these transfers, the first-period realized profits of the cash-constrained firm

can be written

0
o (01) = / qic(s,015)ds — C

010

Since |, fw q1c(8,015)ds is a decreasing function of 6,¢, I can rewrite G(II) as
é A
G(IT) = / Prob {ew > 1o (6;, H)} dF (6:s).
0

Rearranging this expression yields

Gy =1 /9 F(bic(r5, T)dF (015). (10)

An equilibrium of this game is thus characterized by the optimal contracts pre-
sented in previous sections and the distribution of realized first-period profits given

by (0.

Proposition 6 At equilibrium and with transfers that are dominant-strategy incentive com-
patible, the distribution of realized first-period profits is characterized by (10).

Having pinned down all the equilibrium conditions, the optimal financial contract
and the optimal procurement design in this environment is fully characterized. How-
ever, one might wonder whether, at equilibrium, the debt contract is degenerate in the
sense that it stipulates a fixed amount that even the least efficient firm can repay. All
types of firms are thereby refinanced. This again implies that the bias in procurement

rule disappears. The following proposition answers this question.

Proposition 7 The equilibrium debt contract is not such that the cash-constrained firm always
repays the fixed amount. For inefficient enough types of the cash-constrained firm, there will

always be a non-zero risk of liquidation.

This result implies that the bias in the first-period procurement is non-zero when
the cash-constrained firm is relatively inefficient and thus the financial structure of

firms does matter for the design of the procurement contract.

¥#Dominant strategy transfers would ensure that the firm does not abandon the project between the
announcement of its type and the provision because of losses incurred due to a strange transfer rule. As
pointed out in the ruling in Texas Railroad Comm. v. Eastern Texas R.R. Co. a regulatory commission
can do very little to prevent liquidation because public utilities are not obligated to provide services at
a loss.
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5 Comparative Statics

51 An Example

Section (4.2 identifies the different effects in the biased procurement rule. However, it
is not straightforward to determine what effect dominates the others or in what case

one effect is likely to be important.

In the case where types are uniformly distributed on [¢, #] and when the parameters
of the model are such that there is always an interior solutionﬁ then P = (0 — 30) —
(0-0)?

6u °

It can easily be shown that if the support of the types increases, then P increases.
In other words, if the variation in possible costs increases, then the bias in favor of the
cash-constrained firm decreases, or the bias in favor of the self-financed firm increases.
In fact, if A9 = §—0 is important, recovering second-period rents is more important and
it is therefore less likely to favor the cash-constrained firm. Similarly, if 4 is important,
then the predatory effect is likely to be more important since the change in second-

period profit is important when going from a duopoly to a monopoly situation.

When the cost of the provision is high in the sense that 0 is high. Then it is more
likely to favor the cash-constrained firm. This is done in order to increase the probabil-

ity of a low production cost in the second period.

If ¢ increases, the effect on the bias P is ambiguous. If A > 26 then an increase
in ¢ will increase P. In other words, the importance of the rent that can be recovered
through the predatory effect makes it more likely to favor the self-financed firm. If
Af < 20, then the gain from not giving up rent is less important so that the likelihood

of favoring the cash-constrained firm increases.

5.2 The Importance of the Second Period

In the model presented in Section {4} the optimal contracts and equilibrium conditions
were derived for a given discount factor. In this section, I investigate what happens
when the discount factor varies. The discount factor can be interpreted as a measure
of the importance of the second period and is therefore a measure of the importance of

the second-period project.

%This is the case when 2(0 — 8) < uq.
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From (9) it is straightforward to see that the level of the bias is in fact indepen-
dent of the discount factor. However the cut-off type above which you apply the bias
changes. Recall the definition of the cut-off type 6;(6s) such that I, (6] (61s), 61s) = II3.
If the importance of the second period increases, then the cut-off decreases making the

decision rule in the first-period procurement biased more often.

In fact, an increase in the discount factor decreases the probability of refinancing.
To compensate for this increased risk of liquidation, the procurement agency decreases
its threshold for biasing the first-period decision rule. This finding is summarized in

the following Proposition.

Proposition 8 A change in & does not influence the first-period procurement rules (8) and (9),
but it has a negative effect on the cut-off type above which the biased rule, (9), is applied.

6 Extensions

6.1 Changes in the First-Period Participation Constraint

In this model, the argument for imposing second-period participation constraints has
been based on rulings by the U.S. Supreme Court stating that the procurement agency
cannot force a provider of public utilities to operate at a loss. By pushing this argument
even further, one might argue that the appropriate first-period constraint is not the one
presented above (expected total gain) but that it should be a constraint requiring first-

period profits to be positive.

If in the model presented in Section [2} the first-period participation constraint is re-
placed by a constraint requiring first-period profits to be positive, the resulting optimal
procurement contract remain relatively similar to previous results. However, for the
highest values of 6,- the bias will decrease compared to Proposition {4 reflecting the
trade-off between the higher cost of procurement from always requiring first-period
profits to be positive and the fact that predation is more likely to be successful in this

cost region.
Formally, the first-period procurement rule can be divided into three zones:
e If the cash-constrained firm is relatively efficient compared to the self-financed

firm, the rule implies a non-biased procurement decision where (for an interior

solution) each firm produces at the same level of virtual marginal cost. In other
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words, for 6,c € [0, 0;-(015)],

bro + ?(9@ - Hge(6h) = brs + ?((Jls) 1l - qie(0)):

e If the cash-constrained firm is slightly less efficient than in the above case, the
procurement rule states that the cash-constrained firm should be given the same
bias as in Propositionfd} For ¢ € [0;(015), 05c(615)], the optimal quantity ¢, (6:)

satisfies:

F 1 F
(910 —+ 7(910) -+ /quc(el) — m7(610)<nd — I — Td -+ Tm>

_ ?(915) + (T — quo ().

o If the cash-constrained firm is sufficiently inefficient, the first-period procure-
ment rule unambiguously favors the cash-constrained firm. For these values of
the cash-constrained firm, predation is more likely to succeed (for all types of the
self-financed firm). Therefore, it is not necessary for the procurement agency to
take into account the predatory effect as in the previous procurement rule. The
decision rule on this segment unambiguously favors the cash-constrained firm

and states that for 6,c € [0;-(0), 0], the optimal quantity ¢,c(6,) satisfies:

buc -+ (010) + pnc(6r) + 17 7 Ore) (T = T7)
= ?(915) + (g — qie(6h))-

6.2 Different Cost Function

Instead of considering an industry specific capacity constraint as when y is common
to all firms and costs are linear in the type of the firm, costs could be convex in the
firm-specific component. In the case where costs are given by 6¢?, it can be shown that
a slightly modified version of Proposition {4 still holds. With this new cost function,
the equation giving first-period provision level for the cash-constrained firm is If 6, >
0*(615) then the optimal quantity ¢;c(6) satisfied™}

F 1 F

bo + —(6ic) — W?

f (910) (Hd B § (L o -+ Tm)‘| q10<91)

- [915 + ?(els)} (7~ qe(6)) (11)

However, the idea conveyed in Section 4.2|remains the same.

%Where cut-offs and expected second-period profits and transfers are adequately redefined to take
into account the new cost structure.
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7 Conclusion and Future Research

This paper studies dynamic procurement design and the effect of bankruptcy on this
design. Firms differ in their ability to self-finance their presence in the market. I study
the optimal financial contract for the firm in need of funding and the optimal pro-
curement contract in a setting with both a self-financed and a cash-constrained firm.
This paper has identified two reasons, the sampling and duality effect, for favoring the

tinancially weak firm and and one reason, the predatory effect, for not doing so.

One possible extension would be to analyze whether the self-financed firm would

prefer or not to acquire debt or other external funding in these kinds of environments.

It would also be interesting to extend this paper to a situation where firms have
different weights in the welfare function. For political reasons a procurement agency

or a government may be more favorable towards certain firms than other.

Appendix

e Proof of Lemmal(lt

e Envelope Theorem. First, the Envelope Theorem yields that Uy, (-) is absolutely
continuous in 6;; and thus almost everywhere differentiable. Moreover at any

differentiability point, I have:

0
8912- Ulz(elz) = — E91j [qll(el)] (12)
0
Usi(015,02i) = — Eo,, 0., [q2i(01,02)] (13)
003;

o Local conditions for incentive compatibility. The local first-order conditions for in-

centive compatibility can be written as:

0 0 0 0
Ey,; 0, [%tli(el) - 911'%(]11‘(01) - MQM(QOEQM(@O + 5aTliU2i(91ia 920] = 0.
(14)
and

E i75'(9 (‘))—9'i (01, 02) — pgei (0 9)i (01,02)| =0. (15)

02, 90, 2i(V1, U2 2186,22921 1, V2) — HG2i\V1, U2 8921-%2 1,02) =U.

It can be shown that the local second-order necessary conditions become:

0
0y | =—qu <0. 1

FEo,; 0, |:aeh_(hz(01):| <0 (16)
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and 5
Ep,; 0, {89 Q2z(91,92)} <0. (17)

Global incentive compatibility. For global incentive compatibility to hold I need to
prove that Uy; (61, 01;) > Ui(61:, élz) and Uy; (61, 0o, ém) > Us; (044, 02, ém)

For any (6y;,0y;) € ©2, using yields
Uri(01i, 01:) — Uvi(01s, 01) =

015 a a 8 a
/@M E01j,02 |:aehtlz<$ 913) eha@hqh(x 61;) /LQU<ZL’,9U)&912Q11($ Hlj) 58811 Ugl(SU 021) dx.

Define
0 0 0
K(z,01) :Ealj,eg 00, —1(z, 913) 9“091 qui(z, 91J) MCIu(ﬂ?,Qlj)aTl'QU(%@lj)
0
58911 UQ,L(QZ 921):| .

Notice that from the local first-order condition, K (6,;,60;) = 0, so that

014
U0y, 61:) — U(6rs, 6r:) — / K\ (y,0)dydz
014 014

where Kl(I, 017,) = E61j792j [a%m_q%(@l, 92)] <0.

Therefore U11'<912‘,4911’> 2 Uh-(é’li,éh-) for all (01,’,511‘) € @2 (Since “ ”< 0 in the

second integral).

For any (6y;, 0;) € ©2, using yields
. 02 K
Usi(6hi, 02i, 02:) — Usi (614, 02i, 02;) :/ FEy, 6, [Wq%(el;xae%) dzx.
b, 2i

Define

0 0

0
L(91i7$792i) = Eegj {392 t2z(91ax 92]) 9228«92 Q2z(91,93 92]) HQ21'(91,95792])692 Q2z(91,$ 923) .

Notice that from the local first-order condition, L(6;;602;, 02;) = 0, so that

621
UQz(elw 0, 92z) U2@<9127 02, 92@ / Lz 9117 Y, 921)dyd:c

921 62z
where Ly(61;, 7, 05) = Eg,. 4, %%i(@h@z)] <0.
And I can conclude that Us;(61;, 0, 02:) > Usi(61, 0i, 0) for all (B, 0:) € ©2.
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Proof of Proposition
Note that here there is no need to specify two different payments, one transfer for the
provision of the good and another to compensate the principal for funding D, between
the principal and the cash-constrained firm. Instead of considering separately the re-
payment in the financial contract and the transfer for providing the good, I can (w.1.0.g)
focus on the transfer (including both the provision payment and the repayment in the

financial contract).

Compared to the situation studied in Section |3, nothing changes with regard to
the second-period incentive compatibility. Since the funding of the cash-constrained
tirm (if it takes place) is sunk before this stage is played, the previous result remain
valid. Notice however, that if there is only one firm around in the second period, its
expected profits are bigger than when there are two firms around. Define the expected

duopoly profit as I1¢ = Ej, (?(9%)(]%(02)), where ¢o;(-) remains to be determined, and
the expected monopoly profit [I™ = f; ff qdsdF (0) = q (0 — Ep,,(61:)).

For future use, let us also define the procurement agency’s expected total second-
period payment when there is one firm (resp. two firms) left on the market as 73" =
0G + % (resp. T¢ = Ey, [tac(65) + tas(62)))-

In the first period, the expected payment required by a firm depends on its under-
lying financial situation through the refinancing variable /(-). For the cash-constrained
firm I have®]

qi1c(01)?
2

+ /9 q(s, b1s)ds — 55(91>Hd}’

010

Bus (60(60) = Ens{ rcmclty) +
whereas for the self-financed firm the expected transfer is

q15(61)?
2

0
+ / q15(s,01¢0)ds

015

Ep,. (tis(01)) = Eo,c {leqlswl) +
3500 ~ 5(1 = (o)1 — 6D .

In fact, the refinancing variable 3(-) modifies the continuation valuation for the firms
in different ways and thus it also modifies the transfer they will require to satisfy par-

ticipation (and incentive) constraints in the initial procurement stage.

37 Assuming that the merged principal pays the sunk cost for this firm in each period, if, of course,
this firm is allowed to continue.
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Lemma [1]still hold and when taking into account the value of the respective trans-

fers, the principal’s relaxed problem becomes

. F 0,)?
i Eo{bicmcl®h) + HOmetv) + <P - saonm

qc(-),8() f
+015(7 — qo(0h) + ?(913)(6 —qic(th)) + Nw

— 0B(0)II* — §(1 — B(6L)I™ + 6D + 58(61)(T* + D)
+o(1- p0))T )

Replacing expected second-period transfers and profits and looking at the first-
order condition with respect to g2 allows to conclude that second-period quantities

remain at the first-best level.

From the minimization problem above, it is straightforward to observe that there

are no terms with both 5(-) and ¢i¢(-). The problem is therefore separable in /5(-) and
Qe (-)-

Looking first at the first-order condition with respect to ¢¢(+), it is immediate that
the optimal quantity ¢;¢(.) is still given by Equation |5 It follows that when both firms
are around in each period the decision rule does not change (but is of course dependent

on the relevant period’s private information).

To completely solve the optimization problem, the optimal value of 5(-) remains
to be determined. Denote by V(qi¢, §) the expression that the procurement agency is
minimizing.

1 IV (qic, B)
o 0B

Define V™ = S(q) — T™ (respectively V¢ = S(q) — T%) and the previous expression can
be written as V™ + II™ — (V¢ — 2I1¢ — D). This is the difference in expected total surplus

with only one firm in the second period and the equivalent surplus with two firms left

= 24+ T4+ D+ 11" —T™. (18)

in the second period. Replacing these expressions by their value and rearranging term
yield

lav(%c*; ﬁ)

S5 - Ep, {qoc(02)(62c — ba5) + pgac(02)(q2c(62) — @) + D} . (19)

The second-term in this expression is negative. Note that gs¢(-) increases when the
cash-constrained firm is relatively more efficient than the self-financed firm. In other

words, the coefficient ¢ (-) is more important when 65 < 6y5. The second term is
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therefore also negative. To finish the discussion on the optimal choice of 5(-), note that

if D is small enough, %%c,m < 0. The optimal choice of 3 is thus one.

This implies that it is always optimal to keep the cash-constrained firm in the sec-
ond period. Keeping the cash-constrained firm not only allows a more efficient split
of the second-period production, but it also reduces the rent that the principal has to
pay for second-period incentive compatibility. It is therefore optimal for the merged
principals to always refinance the cash-constrained firm, and the solution obtained is

the same as the one presented without financial contracts.

Proof of Proposition
It is assumed that firms are protected by limited liability. In other words, none of the
repayments stipulated in the financial contract can exceed the gains of the firm. This
implies that, given that the true type and hence the profits of the firm are unobserv-
able, a second-period repayment can never be bigger than the first-period profits of
the firm net of its first-period repayment. This is because the firm can always strategi-
cally default in the second period and avoid any excessive payment. In fact, there is no

possibility for the investor to screen second-period profits.

The remaining limited liability (L L) constraints are therefore, for all II;,

Ri(II;) <1I4
dRy(I1;, I1y) < II; — Ry(I1y) + 011,

Notice that any potential repayment in the second period must come from the first-
period profit since there is no incentives for the firm to report truthfully its second-
period profits if its repayment is contingent on this. This is because there is no possi-
bility of using a threat of non-refinancing the firm in future periods to act as a incentive
device to truthfully report profits in the current period. In the second period, a firm
will always strategically default on its repayment. And so any repayment in the sec-
ond period can by redefining repayment variables be included in the corresponding
first-period repayment and R, (-) = 0.
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Taking II; and 11 as given, incentive compatibility (/C) requires, for all I1,f¥]

Hl € arg max Hl — Rl(ﬂl) + 5ﬁ(ﬂ1)ﬂd} .
1T, <ITy

This incentive-compatibility constraint can be replaced by its first-order condition.

Lemma 2 (Faure-Grimaud 1997, 2000) The incentive compatibility constraints is binding and
vI_Il/
—Ry(ILy) + 0B(I)I1¢ = C

The individual rationality of the investor, (I R"), can be written as

/HH1 [Ri(TL) + 68(IL) (Ro(ILy) — D)]dG(I1,) > D

Perfect competition on the financial market implies that this constraint will be binding.

The firm’s maximization problem can be written as

i,
a I, — Ry (I1y) + 6 5(IL)[IT¢ — Ry(II)] | dG(TT
{Rl<>r,nzf§,ﬂ<>}/nl { 1= Ba(Ih) + 0B (Ih)| 2(IL)] [ dG(IL)

subject to (IC), (LL) and (I R").

Using Lemma [2, I can define the Lagrangian as

L(C, B(IL)) =[I1; + C + a(~C + §4(ILy)) (11 — D)] g(I1)

— Xo[B(ITy) — %] — A [B(T) = 1] + XeB(10h)

where o is the multiplier associated with the individual rationality constraint. ) is
the multiplier associated with the limited liability constraint. A, (respectively );) is the

multiplier associated with the requirement 5(II;) < 1 (respectively 5(II;) > 0).

The first-order conditions are

oL Ao
9C =1 —a)g(Ily) + S — 0
oL

=ad(T1 — D)g(I1}) — Ao — A + A2 =0

op(1lL)

3¥This model follows Faure-Grimaud (2000) and only allows the firm to announce below its realized
profits. The justification for this restriction on announcements is simply that announcing a certain level
of profit consists of showing this amount to the principal. Other models such as Gale and Hellwig (1984)
and Townsend (1979) also only allow announcements below the realized level of profits whereas Bolton
and Scharfstein does not make this restriction.
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Notice first that o # 0. In fact, @ = 0 would imply that 2% > 0 which is impossible.

Furthermore, it is not possible to have Ay = A; = 0 because that would imply that

gaqy > 0 (since o # 0). So either (1) = 1 or S(ITy) = T

Define IT; to be such that [T} = §11¢ — C.

vV II; < II}, it is impossible to have §(II;) = 1 since it would violate limited liability.
In fact, limited liability implies II7 — II; < 0. However, since II; < IIj this gives a

contradiction. So A(II;) = Y=F. By definition of I1}, I finally get 3(Il;) = 1— % <1

vV II; > IIj, limited liability is always satisfied for the same reason that it did not
hold for II; < IIj. So Ag = 0 which implies that 5(II;) = 1 (since Ay and \; cannot
simultaneously be equal to zero). From the definition of II} I get R, (Il;) = II}.

To complete the proof, I need to find C as big as possible or, equivalently, I, as big
as possible, such that individual rationality is satisfied.

Formally, II7 is such that

/ " (R - 98(1)DJac(m,) = D,

o,

or, equivalently

¢ —p [

S T

G(I,)dIT, = (1+ 6)D.
Proof of Proposition 4

Most of the proof of Proposition 4 follows straightforwardly from the discussion in the

text. However, it remains to verify that second-order conditions hold.

F
For the self-financed firm, V6,, ggiz (0,) = ;—j (1 + %f:)) < 0. And therefore, the

second-order condition Fy,.(q15(61)) holds.

For the cash-constrained firm,

O1s + ?(915) —bic — ?(&C)) P F

st 7 (010) (1= FBis(010)))

q
E, 0 =K =
015 [Ql()( 10)] 015 (2 + 2#

where 0,5(0,¢) is such that T1(6,¢, §15(f1¢)) = IT% or equivalently fflc qo(s,015(61c))ds =
5 + C.
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Furthermore,

0 1 8? a?(elc) P .
—F 0 =——(1 0 —(1 — F(6,5(6
0.0 s [q10(010)] QM( + 8010( 1c) + 200 g (015(01c)))
90,5(61c) P F .
- e00) B 00 s (0r0)). (20)
and
90,5 _ q10(01c, 015) >0
e 11l i),
Hams g g,

So, finally, the second-order condition for the cash-constrained firm holds if and
only if the two last term in are not too positive.

Proof of Proposition
The proof of Proposition |7]is by contradiction. Suppose that the optimal financial debt
contract is degenerate. In other words, R;(-) = II} and 5(-) = 1 regardless of the

realized profits of the firm. Furthermore, IT} has to be less or equal to I1; (6, 6, 5), for all

015.

Recall that U(#) = 0. With transfers and quantities in dominant strategy, this can be

rewritten for any 6;g,
I, (6, 15) + 68(I11 (0, 615)) 117 = Ry (T1(6, 615))
Replace R, (-) and /(-) by their (degenerate) values. This yields
I1, (0, 615) + o117 = 117

Since 011 > 0, I1,(6,6,5) < Ii. A contradiction. The optimal financial contract is

therefore not degenerate.
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