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Abstract

This paper analyses a procurement setting where the supplier can make a cost-reducing
investment prior to trade and the parties have to agree on signing the contract before or after
the investment decision. There exist three types of equilibria which all lead to inefficiently
low investment and inefficiently low trade when the supplier does not invest. In the first
type the parties always contract before the investment decision, in the second always after
the investment decision. In the third type they mix between the two but allocations are

identical. The types of equilibria can be ranked by pareto dominance.

1 Introduction

This paper analyses a procurement setting with one buyer, one supplier and the following
features: The supplier can make a cost-reducing, private, and relation-specific investment at
privately known cost prior to trade and the parties have to agree on signing the contract either
before or after the investment decision.

The investment is cost-reducing as it improves the distribution of production costs that are
learned after the investment decision. The investment decision is private as the buyer observes
the investment decision neither directly, nor indirectly through the production costs which are
privately observed by the agent. The investment is relation-specific as it does not influence the
value of the outside option. In contrast to the literature on the hold-up problem there is an
equivalence of observability and contractibility of actions in this model.!

The parties have to agree on whether the contract should be signed before or after the
investment decision. When they meet the buyer has all bargaining power and offers a contract
to the supplier in a take-it-or-leave-it manner. Before the parties have met, they cannot commit
to any action. The point in time at which the contract is signed is therefore endogenous. The
contracting problems before and after the investment decision are quite different. If the parties

sign a contract before the investment decision, then the contract has to elicit investment costs,
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give incentives for a certain investment decisions and finally to elicit the production costs. If
the parties sign a contract after the investment decision, then the contract has to elicit the
investment decision and the production costs. There is no moral hazard anymore, rather the
principal faces a problem of sequential screening as in Courty and Li (2000).

There exists three types of equilibria which all lead qualitatively to the same allocations:
Inefficiently low investment and inefficiently low trade when the supplier has high investment
costs and does not invest. In the first type of equilibrium, the parties contract before the
investment decision independently of the investment cost of the supplier. The contracting time is
therefore uninformative about investment costs. This type of equilibrium is called Uninformative
Equilibrium with Farly Contracting. The second type of equilibrium features contracting after
investment independently of the investment cost of the agent. This type is called Uninformative
Equilibrium with Late Contracting. Finally there is the third type of equilibrium where the
parties sometimes contract before and sometimes after the investment decision for all investment
costs of the supplier. The resulting investment and production decisions are independent of
whether the contract was signed before or after the investment decision. However conditional
on having invested, the supplier is more likely to have invested before the investment decision.
This type is therefore called Informative Equilibrium with Identical Allocations.

From a normative point of view it can be shown that uninformative equilibria with late
contracting are pareto dominated by both other types of equilibria as they lead to the largest
distortions in investment and production. Furthermore it holds that informative equilibria with
identical allocations are pareto dominated by uninformative equilibria with early contracting.
This results from a hold-up problem in late contracting as the buyer cannot commit to terms
of trade that sustain higher levels of investment for the supplier.

The relevance of pre-trade investments in contractual relationships is widely recognized
in economics. This paper looks at a setting where neither the investment decision nor its
consequences are observable. Such an assumption is justified when procurement projects are
complex, lie in the supplier’s area of expertise and are distant from the buyer’s area of expertise?,
and require largely intangible inputs. The procurement of nonstandard I'T goods is an example

that satisfies these three points.

Related Literature This paper is related to the literature on sequential screening that orig-
inated from Baron and Besanko (1984) and Courty and Li (2000).3 This paper contributes
to this literature by showing that if the agent can favorably influence the ex-ante type, then
there is a mutual benefit from signing contracts early. Furthermore the optimal early contract
is an example for a sequential screening problem with moral hazard where the agent receives
an information rent for the private knowledge of the production costs due to moral hazard,
even though production cost and investment cost are uncorrelated. A paper from the sequen-
tial screening literature which comes to different conclusions is Krahmer and Strausz (2011b).

In their framework, moral hazard about an information acquisition decision after trade does

2This might motivate the buyer to buy and not to make.
3see also Es6 and Szentes (2007a) and Pavan et al. (2013)



not lead to additional agency costs for a large number of cases. The key difference lies in the
fact that in the present paper, the agent has private information about the cost of investment
while in Krahmer and Strausz (2011b) the agent has initially some noisy information about
production costs while the cost of the investment is publicly known.

In this model the buyer cannot commit to offer certain contracts before she has met the
supplier. This is a form of limited commitment. A paper with dynamic information and limited
commitment is Deb and Said (2013). In their paper, the agent can reject a contract in the first
period and accept another contract later on. This is in contrast to this paper where the agent
has a private action which increases the value of the interaction but cannot reject one contract
and accept another contract later on.

In the next section the model is introduced. Section 3 analyses equilibrium play when the
parties contract before the investment decision. Section 4 analyses equilibrium play after the
investment decision. In Section 5 the meeting decisions of the players are analysed. Section 6

concludes.

2 The Model

An organisation (the principal) seeks to procure a single indivisible good from a supplier (the
agent). The value of the good to the principal is commonly known to be v. The agent can
supply the good at some cost c. This cost is initially unknown and depends on the technology
that the agent uses.

In the beginning of the game, the agent is endowed with the technology Tp. Alternatively
he can install a different technology 77. This would lead to investment costs of 8. 6 is the
realization of a random variable 6 drawn from [6,0] = © C R, according to the distribution
function F' with density f. The agent first makes the investment decision and then learns the
production costs ¢ for the good. The use of T will lead to production costs that are a realization
of the random variable ¢y, drawn from C' = [¢,¢] C R according to the distribution function Gj.

If Ty is installed, then the costs of supply will be a realization of ¢; where ¢; € C following
the distribution function G;. Both distribution functions admit a density g, which is strictly
positive on the common support: g,(c) > 0 for all ¢ € [¢,¢] and all » € {0,1}. To capture the
cost reducing aspect of the investment I assume G to be first order stochastically dominated
by Go: Gi(c) > Go(c) with a strict inequality for a positive mass of points. Let v € (¢,¢), so
trade is sometimes but not always socially desirable. Similarly I assume that under efficient
production decisions the investment is profitable for some types but not for all. I denote by 6*

the gross benefit of investment under efficient production decisions.

o = /v(v — 0)dG(c) — /v(v — 0)dGolc) € (8,9) (1)

Production costs and investments costs are independently distributed. Both players are risk
neutral and have quasilinear preferences. If no contract is signed, then the agent receives an

outside option of zero.



Information The agent privately observes the investment costs 6 in the beginning of the
game. He then takes the investment decision which is neither observable nor verifiable. After

the investment decision is made the agent learns the production cost ¢ privately.

Actions, Strategies, and Beliefs After the agent has learned the investment cost, the
principal and the agent simultaneously choose an action d; € {E;, L;}, i = A, P. If both players
play FE;, then they meet early. Otherwise they meet late. I refer to this action as the meeting
decision. When the players meet, the principal offers a contract to the agent in a take-it-or-
leave-it manner. By the revelation principle due to Myerson (1986), there is no loss of generality
in focusing on direct, truthful, and obedient contracts. The agent reports new information as
soon as he learns it. The contract recommends certain actions to the agent and the contract
satisfies obedience if the agent finds it optimal to follow these recommendations.

If the players meet early, the principal offers a contract Mg from the set of direct, truthful,
and obedient contracts Mpg. A contract Mg is the tuple

{a(6) {65(6,), (0. 00}, 0,1 }

After the agent has reported 6, the contract recommends an investment decision. The invest-
ment (r = 1) is recommended with probability «(f). No investment (r = 0) is recommended
with complementary probability. Depending on the report about # and the recommendation
the agent faces a production schedule ¢5(0,-) and a transfer schedule t&(6,-). These represent
the probability of trade and the associated transfer for any report about the production cost c.

If the players meet late, the principal chooses a contract My, from the set of direct, truthful,

and obedient contracts My. A contract from this set is a tuple

{{qlp(C)até(c)}Fo,l}

The agent reports whether he has invested (p = 1) or not (p = 0). Depending on this report
he faces a pair of quantity and transfer schedules where qé(c) is the probability of trade after a
report ¢ and tlp(c) is the associated transfer.

After the agent has received a contract offer he decides where to accept or reject the offer.

A strategy for the principal is op = (zp, Mg, M1). xp is a randomization over {Ep, Lp},
Mg is a contract offer if the players meet early and My, is a contract offer if the players meet
late. Note that for any randomization over Mg (Mp) there exists an element in Mg (Mp)
that is outcome equivalent to the randomization. It is therefore not restrictive to focus on
strategies where some contract is chosen with certainty.

A strategy of the agent is 04 = (z4(0),5(0),np(Mg,0),n(Mp,0)). x4(0) is a random-
ization over {E4, L4} depending on the investment cost. 5(6) is the probability that the type
0 invests if the principal and the agent meet late. ngp and ny are mappings from the set of
mechanisms and investment cost types into the randomizations over {accept, reject}.

If the players meet early the principal has the belief Fp over ©. If they meet late, the belief
is Fr, on O.



The Timing
t=0 Agent privately learns 6§ € ©
t=1 Agent and Principal choose d;

t=2 If (da,dp) = (E4,Ep), then P chooses Mg and A accepts or rejects. If (da,dp) #
(Ea, Ep), nothing happens.

t=3 Agent takes investment decision

t=4 If (da,dp) # (Ea,Ep), then P chooses My and A accepts or rejects. If (da,dp) =
(E'4, Ep) nothing happens.

t=5 Agent learns ¢ € C

t=6 Allocations realize

Equilibrium Concept Denote the payoff to the principal from some contract Mg by I and
from some contract My by II;. The expected utility for the agent of type 8 from the contract

Mg by UF(6) and from the contract My, by U¥(). The equilibrium concept used is Sequential

Equilibrium.*

Definition 1. (04,0p, Fg, F1) constitutes a Sequential Equilibrium of the game if
i) My, € argmax,, II,, form=FE, L
i) Tp € argmax,e(o 1) Jo 22A(0)Ip(Mp) + (1 — zx4(0))L (ML)
i) x4(0) € arg max,¢o 1) zxpUE(0) + (1 — zzp)UF (), VO
i) B(0) € arg maxge(o 1] UL (6), vo

v) (M, ) € argmax,cpo,)) nUn(0), m = E, L, V¢

vi) Ep(®) = [0 aa(2)f(2)dz/ L a2 f(2)dz and FL(6) = [0 — wa(2)f()d=/ [10 -
xA(2))f(2)dz if well defined.

First Best Benchmark The expected social surplus that is generated from the interaction

of the principal and the agent with investment cost 6 is

5(0) = a(8) /C q1(0,¢)(v = ¢)dGi(c) — a(0)0 + (1 — ) /C(v —¢)qo(0,¢)dGo(c) (2)

The social surplus is maximal for the production rules ¢§(c) = ¢f(c) = Lc<, and for the invest-

ment rule a*(0) = ly<p« where 6* is defined in (1).

*As defined in Osborne and Rubinstein (1994) on p.225



3 Early Contracting

In this section I analyse equilibrium play after the two parties have agreed upon meeting early.
The principal offers a contract to the agent. This contract requires the agent to report his
investment cost and to make an investment decision following a recommendation. I refer to this
part of the game as period 1 of the early contracting game. After the investment decision is
made, the agent observes his production costs ¢ and reports them. I will refer to this part of
the game as period 2 of the early contracting game.

The principal is committed to not offer another contract to the agent if the agent rejects.
If the agent is offered a contract which gives him a strictly positive payoff, then sequential
rationality requires the agent to accept this contract with certainty. Similarly the agent rejects
any contract that gives him a strictly negative payoff. If the contract gives an expected payoff
equal to zero, the agent is willing to randomize. But this can never be an equilibrium. The
principal would be willing to increase the agent’s rent slightly above zero to ensure certain

participation. The utility that the agent derives from a given contract is given by

UE(6) = a(h) /th(e, c) —cqi(8,¢)dGi(c) — a(0)0 + (1 — a(h)) /0758(9, c) — cq5(8, ¢)dGo(c)

Any equilibrium strategy for the principal will include a contract Mg that satisfies a participa-

tion constraint
U 0)>0,v6 € © (PCE)

The principal’s payoff from some contract is

- [ {aw) [ 0.1~ (6. 00610+ (1~ a(0) [

vq5(0, c) — t5(0, c)dGo(c)} dFg(0)

C

The principal’s problem consists in choosing a contract Mg from the set Mg in order to
maximize I1g, subject to the participation constraint. A contract which is in Mg is an incentive

compatible contract.

3.1 When is a contract incentive compatible?

On the equilibrium path with early contracting the agent with investment cost 6, invest-
ment decision r, and production cost ¢ has the following ex-post utility: u$(0,c) = t5(0,c) —
cqt(0, c). If this agent reported investment costs 6 and production cost ¢, his ex-post utility were
ve(6, ¢ 0,c) = t5(0, ) — cqt(f, ¢). A feasible contract induces the agent to report the production

costs truthfully on the equilibrium path. It must therefore satisfy
us(0,¢) > v (0,¢0,c) =ur(0,¢) + (¢ — c)gr(0,¢) Vé,ce C,V8 € O,r=0,1 (IC%)

Note that this constraint ensures that the agent reports production costs truthfully even if he
has lied about investment costs. The costs of investment are sunk at this stage. The fact that
the agent with true types (é, ¢) has no incentive to lie about ¢ implies that the true type (¢, c)

who has reported 6 in the first stage has no incentive to lie about c.



Directly after the contract has been signed, the agent can choose from a large set of deviations
from truthtelling. He can make a false report about investment costs, disobey the recommen-
dation given by the contract, and lie about production costs. The previous observation allows
to restrict attention to deviation strategies where the agent truthfully reports production costs
as long as (IC%) holds. For a feasible contract these deviations are not profitable. It must hold
for all 6 and 6 in © that

UF(0) > a(f) max { /C u$ (0, ¢)dG1(c) — 0, /C
+(1— a(é))max{/Cug(é,c)dc;o(c),/

C

(6. )iGofe) | (1ch)
uf (0, ¢)dG1(c) — 0}

(I C’};) reflects the combined moral hazard and adverse selection problem that the principal
faces. These two agency problems are interrelated and cannot simply be treated in two different
constraints. Nevertheless it is helpful to first consider deviation strategies where the agent
misreports investment costs but follows obediently the recommendation. The utility from such

a deviation strategy is

VE@,0) = a(é)/

u$ (6, ¢)dG(c) — a(0)0 + (1 — a(h)) / ug (0, ¢)dGo(c)
C

C

The set of constraints that ensure that this is unprofitable is a subset of (I C}E) and is given by

UP) > VE0,0)=UF@B)+aB)(6—0) V0,0c0O (ASY)

3.2 Simplifying the Incentive Constraints

(IC%) and (AS') are two adverse selection constraints, that can be treated by the standard
first-order approach of mechanism design. I state the following two well-known equivalence

results without proof.

Lemma 1. A contract satisfies (1C%) if and only if it satisfies for all r € {0,1}

us(0,¢) = u(0,2) + / g6, 9)dy (RE2)

c

¢ (0, c) is nonincreasing in c (MON3%)

Lemma 2. A contract satisfies (AS') if and only if it satisfies

E _ E 5 1
UF(0) = UF(3) + / a(y)dy (RE)
0

a(0) is nonincreasing in 0 (MON?)



A final step is needed to achieve a tractable characterisation of incentive compatibility. In
order to exclude that some type of the agent has a profitable deviation strategy that includes

disobedient behavior, the following two constraints are helpful.

0
(1—a(0)) /ng(ea ¢)(G1(e) = Go(c))de < (1 —a(0))0 — /9 (1 —aly))dy (OB)

9
a(0) /C 4500, 0)(Gi () — Go(e))de > a(0)0 + /@ a(y)dy (0By)

(OBy) ensures that the agent with lowest investment costs # has no profitable deviation in
reporting investment cost # and investing independently of the recommendation. In contrast,
(OBy,) guarantees that the agent with the highest investment costs 6 does not find it profitable
to make some report 8 and to produce with the inefficient technology independently of the
recommendation that he receives. The mathematical expressions are derived from using the

revenue equivalence conditions (RE') and (RE%) in (IC%). 1 can state the following result.

Lemma 3. Some mechanism satisfies (ICL) and (IC%) if and only if it satisfies (RE'), (RE%),
(MON?), (MONZ), (OB)), and (OBy,).

The proof of this lemma can be found in the appendix. Lemmata 2 and 1 state that all
deviation strategies that include false reports but obedient investment behavior are unprofitable.
But what about strategies that include disobedient behavior?

Consider a deviation strategy for the agent with type 6 in which he does not invest inde-
pendently of the recommendation from the contract. With this deviation strategy the agent
will never invest. An agent with higher investment costs 6’ > 6 will therefore receive the same
utility from this strategy. However the utility on the equilibrium path is lower for the type 6’
then for 6 by the revenue equivalence condition in period 1. It follows that the ex-ante type 6’
finds it also profitable to deviate to this strategy. Conversely it holds that if an agent will not
deviate to the disobedient strategy if he has ex-ante type 6, then he will also not deviate to
this strategy if he has ex-ante type 6.

Assume now that the agent has an ex-ante type 6 and a profitable deviation from the truthful
and obedient strategy by investing independently of the recommendation. With this strategy
the agent will always invest. An agent with lower investment costs §” < 6 has a strictly higher
utility from this deviation strategy. His payoff is the same as for the type 6 plus the saved
investment costs § — 6”. The type 0" will also receive a higher utility than 6 under the truthful
and obedient strategy. However the difference in the utilities on the equilibrium path is at
most as high as the difference in utilities for the deviation strategy. Revenue equivalence in the
first period implies UF(0") — UF(9) = fee,, a(z)dz which is smaller than 6 — 6”: If 8" finds it
unprofitable to use the strategy with disobedience after a recommendation to not invest, then
0 will not deviate to this strategy neither.

From this argument it follows that we can focus on disobedient deviation strategies for the
most extreme investment cost types. If the agent finds it optimal to be obedient for the highest

and the lowest investment cost, then he will also be obedient for intermediate types.



3.3 The optimal Contract with Early Contracting

We are now equipped with a characterization of incentive compatibility that will allow us to
find the optimal contract. Using (RE"') and standard arguments one can express the principal’s
expected payoff from the contract as virtual surplus.

My = / S(6 (9 — ?E((e)) ) dFg(9) — UF(9)

There are two distinct cases to be considered. In the first, the meeting decision of the agent

is uninformative about his type, i.e. Fp = F. In the second case, the meeting decision is
informative about the agent’s type: Fp # F. For the first case one can give standard assump-
tions on F' that allow to solve for the optimal contract without restrictions. In the second case,
those assumptions cannot be made as Fr depends on equilibrium strategies. I characterise the
optimal contract in the class of contract with deterministic investment recommendations. This
turns out to be not restrictive: In section 5 I show that in any equilibrium where the meeting
decision is informative, the optimal contract for early contracting has to have a deterministic

investment recommendation.

Consider first the class of contracts where also the production decisions are deterministic.
The monotonicity conditions (MON?') and (MONZ) imply that one can focus on cutoff rules:
() = Tg<y, q1(0,¢) = le<p, 9y, and qo(0,¢) = Le<pyp)- (OB;) simplifies to fcpo(e) Gi(c) —
Go(c)de < n. The production rules gy and ¢; do not influence the information rent that the
principal has to give to the agent. She should therefore choose them such that the social surplus
is maximal. If one neglects (OBy,), the principal chooses the efficient production rule after a
recommendation to invest: ¢1(6,c¢) = ¢*(c). Furthermore (OB;) is strictly binding as long as

n < 6*. The principal’s problem is then

max /9 ! { / (0= €)dG1(c) — b — ?5((3)) } dFp(n) + / ’ / " 0~ )dGo(e)dFsn)

where p(n) is defined by

p(m)
[ 6o - Golede = Q
for n < 0* and p(n) = v for n > v. The first order condition of this problem is

o Fet) e @ = pm)go(p(n) 1= Fe(n) _
/ Grlee—n— G [ ac(e) + g EER I <0 @)

As one cannot restrict the shape of Fg, there might be multiple solutions to (4). However the

global maximum must be one of them. To see this note that if 7 > 6*, then the left hand of (4)
side is strictly smaller than zero. For n = 6, the left hand side is strictly greater than zero. As
the left hand side of (4) is continuous, there exists a global maximizer that lies in (6, 0*). Note
that this also implies that (OB},) is satisfied: [ G1(c) — Go(c)de = 6* > 1.

The following assumption ensures that it is indeed optimal to choose a deterministic pro-

duction rule gy after the recommendation not to invest.



Assumption 1. (Gi(c) — Go(c))/go(c) is concave.

For the case where the meeting decision is uninformative, the following assumption ensures
that the solution to (4) is unique and defines together with (3) the optimal contract from the

unrestricted class of contracts.
Assumption 2. (z — F(0))/f(0) is not increasing in 0 for all z € [0, 1].

Note, that these assumptions are frequently used in the literature on dynamic mechanism

design.?

Proposition 1. Suppose Assumptions 1 and 2 are satisfied. In any equilibrium where the
principal offers a contract Mg with a deterministic investment decision, Mg includes investment

and production rules of the following form.:

1 if0<0g 1 ifec<pg .
ap(f) = 5 qop(0,c) = 5 qe(0,¢) =q"(c)
0 otherwise 0 otherwise
where O satisfies (4) and pp = p(0g). It holds that Oy € (0,0%) and pp < v. In any equilibrium
with Fgp = F, 0 is uniquely defined and the principal offers a contract that includes ag, qg,
and q1g.

The contract specified in Proposition 1 leads to two kinds of distortions compared to first
best. The first distortion concerns production: If the agent does not invest, then his production
decision will be inefficient. For realisations of the production costs lying in (pg,v) the agent
will not deliver the good although it were socially efficient to do so. The second inefficiency lies
in the investment decision: Under efficient production rules the social value of the investment
by some type 6 is 8* — 0. But as the production decision for noninvesting types is distorted, the
social value of investment is now even higher. 0p < 6* implies that there are socially efficient
investment opportunities that are not realized. The two inefficiencies are connected by the
fact that the investment decision is private, i.e. not observable and leading to privately known
costs. If the principal were implementing the efficient production decision for those types of
the agent, that do not invest, then she would create efficient investment incentives: The agent
would find it profitable to invest if 8 < #*. However the whole surplus that is generated through
the investment would go to the agent. The principal can extract surplus created from the

investment only by distorting the production decisions of noninvesting types.

4 Late Contracting

In this section I will analyse equilibrium play after one of the players has refused to meet early.

The principal faces a standard sequential screening problem. She offers a contract to the agent.

"For Assumption 1 see the discussion following Proposition 2.2 in Courty and Li (2000) or Krihmer and
Strausz (2011a) on p. 16. Assumption 2 is made by Esd and Szentes (2007b). It is equivalent to assuming F' to

be logconave and to have a decreasing hazard rate.
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In any equilibrium of the game, the agent accepts the contract if and only if the utility U” from
participating in the contract is at least zero. This follows from the same arguments as made in
the beginning of the analysis of early contracting. As the investment decision has already been
made, U” only depends on the production technology that the agent uses and not on the sunk

investment cost. Given some contract My, the agent receives the utility

Ué’ = /Ctiy(c) — cqf)(c)de(c)

if he uses T}, where p = 0,1. The principal chooses a contract My, from the set My, in order to

maximize II;, under the participation constraint
Uy>0, p=0,1 (PCyp)

Suppose the principal believes that a fraction  of the agents that she meets for late contracting
has made the investment. The principal’s payoff from some accepted contract My, is then given
by

I, = 7/qull(c) —t4(c)dG1(c) + (1 — ) /qu(l)(c) — tp(c)dGo(c)

For any contract in My the agent finds it optimal to report the truth about the installed
technology in the beginning of the contract and to truthfully communicate his production costs
when he has learned them. Lets call the phase when the agent reports his technology period
1, and period 2 shall refer to the time after the agent has learned his production costs and has

to report them. On the equilibrium path, the utility that the agent receives if he has installed

l
p

technology and ¢ about costs, the agent with production technology 7}, and production costs ¢

the technology T}, and has production costs ¢ is u(c) = tfo(c) — cqé(c). For some report p about
receives ex-post utility vlp 5(60) = tlﬁ(é) - cq,lé(é) . The agent is willing to truthfully reveal his
production costs on the equilibrium path

ul (¢) > o

bp(6e) Ve,ee Cop=0,1 (IC?%)

Note that this constraint implies that the agent also finds it profitable to truthfully reveal his
production costs after some false report about his production technology. One therefore only
needs to consider period 1 deviation strategies where the agent reports his production cost in

period 2 truthfully, given that (I C%) is satisfied. Truthtelling in period 1 is optimal if
UpL > /Cui)/(c)de(c) p,p =0,1 (I1ch)

The Optimal Late Contract Offer

The optimal contract for the principal, given his belief v can be found by the standard method
of sequential screening®

First I state a standard equivalence result analogue to Lemma 2.

Se.g. Courty and Li (2000)

11



Lemma 4. A contract satisfies (IC?) if and only if it satisfies for all p € {0,1}

il (6, ¢) = i (@) + / g (v)dy (RE2)

qé(@, ¢) is nonincreasing in c (MON?)

I neglect the first period incentive constraint for the noninvesting types. For an investing

type, (IC}) can be written as

Uk > Ut + /C ¢(0)(G(c) — Golc))de

This constraint binds by standard arguments. The principal’s payoff expressed as virtual surplus

is

i, =~ /C (v = e} (e)dCh(e) + (1= ) [

(v 7 Gi9-Gu0)
C

2GS0 it

II;, can be maximized pointwise and we can state the following result.

Lemma 5. Suppose Assumption 1 is satisfied. Given a belief v about the fraction of types who
invest, the principal offers a contract My that satisfies
1 ife<pr .

ah(c) = 5 qile) =4 (c)
0 otherwise

where pr, is uniquely determined by

v Gi(pr) — Ge(pr)
-~y go(pL) '

v =pr+

Investment Behaviour with Late Contracting

Given the principal’s belief 7, the value of the investment for the agent lies in receiving an

information rent. As a function of the belief, this rent equals

()
Uf() = /p ’ G1(c) — Go(c)de

c

where pr () is defined as the solution to (5) for belief v. An agent with investment cost 6
optimally invests if and only if U{(y) > 6. The fraction of investing agents is constituted by all
agents with investment costs below a certain threshold 0y. In equilibrium it must hold that the
principal’s belief about this fraction is correct and the agent invests if and only if his investment
cost lies below this threshold:

UL (Fr(0r)) = 01 (6)

This equation has a unique interior solution. As pr(7) is decreasing in v, U 1L (y) is also decreasing
in . FJ is increasing in 07,. The left hand side of (6) is therefore decreasing in 67, while the right
hand side is increasing. For 7, = 6, the rent given to investing types equals fcv G1(c)—Go(c)dc =
0* which is greater than 6y = @. For 6 = 0, the rent given to high typesibecomes zero. The
right hand side of (6) equals §, which is greater.
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Proposition 2. Suppose Assumption 1 is satisfied. In any equilibrium the principal offers a

contract My, and the agent plays an investment strategy $(0) which satisfy

1 if6 <6y 1 ifec<pL .
BL(f) = 5 qon(0,0) = 5 qe(t,e) =g (o)
0 otherwise 0 otherwise

where 01, is uniquely defined by (6) and pr, = pr(FL(0)). Furthermore 61, € (68,6%) and pr, < v.

Equilibrium behavior after late contracting leads to similar inefficiencies as in the case
of early contracting. An agent with technology Ty might not deliver the good although his
production costs lie below the principal’s value. Furthermore there is too little investment since
agents with investment cost types between 0; and 6* do not invest although the social value
from the investment exceeds the costs. The intuition for the uniqueness of the equilibrium
behaviour in the case of late contracting is the following: If the principal believes the fraction
of investing agents to be small, then she is willing to give a high rent to them in order to distort
the production for noninvesting types less. But then there is a high value for the agent from
the investment and so the fraction of investing types will be large. This does not confirm the
original expectations of the principal and is therefore not an equilibrium.

If however the principal believes the fraction of investing types to be high, then she will dis-
tort production of noninvesting types farer away from first best in order to give less information
rent to an agent who has invested. The value of the investment for the agent is small in such a
case and only agents with very small investment costs can be expected to invest.

In equilibrium these two forces are exactly balanced.

5 Meeting Decision

In this section I analyse the player’s meeting decisions d4 and dp in equilibrium.

The Principal’s meeting Decision

The meeting decision is essentially made by the agent. The principal always weekly prefers to
meet early over meeting later. If the parties meet early the principal can implement the same
investment and production rules that she would optimally implement, if the parties would meet
later. The principal could therefore always play early meeting zp = 1 and this is outcome

equivalent to all equilibria in which the agent plays another strategy.

Categorizing Equilibria

Before I turn to the agent’s meeting decision, it is helpful to categorize potential equilibria of

the game.

Definition 2. An equilibrium (ca,0p, Fg, Fr) is called a revealing equilibrium if there exists
a positive mass of investment cost types Orpey C O such that xA(0) = 1(= 0) if and only if
0 € Orey.
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In a revealing equilibrium the principal can infer either for early or for late contracting that

he does not face any of the investment cost types in the set ©,.,.

Definition 3. An equilibrium (ca,0p, Fg, Fr) is called an informative equilibrium if x 5(0) €
(0,1) for all @ € © and Fg # FT.

In an informative equilibrium, the principal cannot exclude that she is facing any of the
investment cost types. However she holds different beliefs about the investment costs of the
agent for early and late contracting: Different investment cost types mix differently about

meeting early or meeting late.

Definition 4. An equilibrium (o 4,0p, Fg, F1) is called an uninformative equilibrium if  4(0) =
x €10,1] for all 0 € O©.

In an uninformative equilibrium, the agent does not contingent his meeting decision on his
investment costs. The principal therefore does not learn new information from the meeting

time.

The Agent’s Meeting Decision

For given beliefs Fg and Fj, the agent with investment cost type 6 receives an expected utility

of UF(6) from meeting the principal early and U”(#) from meeting late.

Egy = ’ and U(0) = [0, —
UE(6) = /9 a(y)dy U0) = 0, 0],

An agent with investment costs § mixes between dy = E and dq = L4 only if U () = UL(6).
Note that U (0)/06 > OU*(0)/06. This observation is helpful to derive the following result.

Lemma 6. Suppose Assumption 1 is satisfied. The game has no revealing equilibrium. If an
equilibrium is informative, then the principal offers contracts Mg and My, such that a(6) = 5(6)
for all 6 and pr, = pE.

Proof. Consider first an equilibrium with U () > U*(g): This implies that UF(0) > U*(9)
for all § with a(f) > 0. So only types # who do not invest under any of the two contracts
are willing to mix between meeting early and late. If they come late with a certain positive
probability, then the principal optimally offers a contract which does not distort the production
of noninvesting types. An agent with a lower investment cost type has then the possibility to
meet late and earn the maximal rent [ G1(c) — Go(c)de = 6*. This is a profitable deviation.

Next assume some equilibrium with UZ (8) < UL(9): There are two possible cases to be
considered. Either there exists some ¢’ such that UF(6) = UL(#') or not. Suppose ¢’ exists.
Denote by 6" the lowest type with a(6”) = 0.7 All types 6 € (8',60") strictly prefer to contract
early. All types 6 < 6 strictly prefer to contract late. Furthermore 67, € (6',0"”). When meeting
the agent late, the principal infers that the agent’s investment type does not lie in (6’,60"). She
can then profitably deviate by setting 67, down to 6.

"respectively the infimum
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Suppose next that 6 does not exist. It follows that 6”7 < 6. This implies #” < 6* and
prp < v. When contracting early the principal can infer that the agent does not invest, as all
types smaller than 6" prefer the late contract. She therefore has a profitable deviation by setting
PpE up to v.

Finally consider some equilibrium with U?(8) = U*(). Suppose that there exists some 6
such that UF () > U¥(6). Denote the infimum of the set of these investment cost types by ¢’
Denote by 6” the lowest type with (") = 0. When the principal and the agent are contracting
late, the principal can infer that the investment cost of the agent does not lie in (8',6"”). As
above she can then profitably deviate by setting 67, down to 6'.

We are left with three possible equilibria: U?(§) > U¥(#) for all investment cost types 6
and the agent always contracts early. U () < U%(6) for all investment cost types § and the
agent always contracts late. UF(6) = UL(0) for all § and z4(0) € (0,1). This concludes the
proof. ]

Lemma 6 reduces the number of possible equilibria and it justifies the restriction to contracts
with a deterministic investment decision made in section 3. It shows furthermore that if an
equilibrium is informative, then the early and the late contract are equivalent in terms of
allocations.

I state the main result of this paper.

Proposition 3. Suppose Assumptions 1 and 2 are satisfied. Any equilibrium of the game

belongs to one of the following groups:

1. Uninformative Equilibrium with Farly Contracting: x4(0) = 1 for all 6 € ©, Fg = F,
Mg includes ag, qor, and q;(c)

2. Uninformative Equilibrium with Late Contracting: x4(0) =0 for all§ € ©, F, = F, Mp
includes Br,, qor, and ¢ (c)

3. Informative Equilibrium with Identical Allocations: x4(6) € (0,1) for all § € O, pg =
pL=p, 0p =0, =0, and Fp() > FL(0)

Any uninformative equilibrium with late contracting and any informative equilibrium with iden-
tical allocations is strictly Pareto dominated by any uninformative equilibrium with early con-

tracting.

The complete proof is relegated to the appendix. Here I show why an uninformative equi-
librium with late contracting is strictly Pareto dominated by an uninformative equilibrium with
early contracting. Plug n = 6, into the first order condition (4) of the principal under early
contracting. By (5) and Proposition 2, we know that

(v—p(02))90(p(0L)) 1—F(0r) F(0r)

Gi(p(0r)) — Go(p(0L))  f(0r)  f(Or)

Using this in the first order condition:

v p(6L)
/ Gi(c)dc —0f, — / (v—¢)dGoy(c) >0
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It follows that the principal prefers g > 0 to 0;. The agent also prefers g to 6 as his
rent is given by U%(6) = [0z — 6]+ where Z = E, L. The uninformative equilibrium with late

contracting is Pareto dominated by the uninformative equilibrium with early contracting.

The intuition behind this result is the following: If principal and agent contract after the
investment decision, then the principal takes the distribution of technologies in the population
of agents as given. Consequently she has an incentive to distort the production decision for
noninvesting types in order to save information rent payments to the investing types. If principal
and agent contract before the investment decision is made, then there is still an incentive for the
principal to save rent by lowering the production for the noninvesting types. But now there is an
opposing effect: Lowering the production of noninvesting types lowers the fraction of investing
types, i.e. the distribution of types in the population depreciates. Due to this opposing effect
the principal prefers less distortions in the production rule for the noninvesting types. With late
contracting, the agent correctly anticipates that the principal has after the investment decision
no incentive to influence the agent’s investment decision. She offers a contract with higher
distortions in the production for noninvesting types. He will therefore reduce the investments
compared to the case with early contracting. In the late contracting case, we have a hold up
problem that can be mitigated by contracting early. Furthermore the optimal early contract

offered by the principal has to share the surplus from early contracting with the agent.

6 Conclusion

This paper analyses a procurement setting with an endogenous choice of the contracting date.
The set of equilibria was fully characterised. The allocations for all equilibria have inefficiently
low investment and inefficiently low production if the agent has high investment cost and does
therefore not invest. There exists one type of equilibrium in which the parties contract before
the investment decision independently of the investment cost of the supplier. Another type
leads to contracting after the investment decision independently of the investment cost of the
supplier. In a third type of equilibrium the parties sometimes contract before and sometimes
after the investment for all investment costs of the supplier. The allocations in both contracts
are identical but conditional on having invested, a supplier is more likely to have contracted
before the investment decision. The first type of equilibrium pareto dominates the second and
the third type.

Appendix

A  Omitted Proofs

A.1 Proof of Lemma 3

Proof. Lets begin with the ”only if’-part. By Lemma 2 we have that (ICL) implies (RE') and
(MON?). By Lemma 1, (IC%) implies (RE%) and (MON%). Consider now the constraint
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(ICL). This constraint can be written as UP(0) > VE(8,60) + WF(0,0) where
WE(,0) = a(6) max {o, o /C W€ (0, ¢)d(Gh (c) — Go(c))}
+(1 — a(f)) max {o,/cug(é, ¢)d(G1(c) — Go(e)) — e}

From (RE?) it follows that

0
UE@) - VE(0.0) = / a(y) — a(®')dy (7)

/

Using (RE%) we have furthermore that WZ(6, ') equals

) ¢~ [ 456.0)(G1(0) - Gatelae] -+ - a(0)) | [ a6 0)C(0) - Goo)e -

+ +

(8)
where [z]4+ = max {0, z}.

As (ICL) ensures that obedient investment behavior is optimal also after a truthful report,
it must hold that W¥(#",0') = 0 as UF(0') = VF(#',0'). So we have that ¢’ — [, ¢§(¢', ¢)(G1(c)—
Go(c))de < 0and [, q5(¢", ¢)(G1(c)—Go(c))de—6" < 0. From this it follows that [ ¢§(6’, c)(G1(c)—
Go(e))de < [ q5(#,¢)(G1(c) — Go(c))de. In words: there is no type 6" who is disobedient af-
ter both types of recommendations. It follows that at least one of the "max”-expressions in
WE(#',0) must be zero. If the first is zero, then one can write (IC%) as

0

(1—a(0)) /CQS(9>C)(G1(C) — Go(c))de < (1 - a(0))0' +/ (aly) — a(8))dy (9)

!

V0 € {0 € Ola() < 1}

Set 6’ = 0 and note that this conditions is trivially satisfies for some «(#) = 1. This gives (OB).

If the second is zero, then one can write (IC},) as

)
() /C 45(0,0)(G1(¢) — Go(e))de = a(0)0 + /9 a(y)dy (10)
Vo € {0 € ©]a(f) > 0}

Set # = § and note that the condition is trivially satisfied for a(f) = 0. So we have (OBj,).
This concludes the ”only if”-part.

Lets show the "if’-part. By Lemma 2 (MON') and (RE') imply (AS') and by Lemma
1 (MON%) and (RE%) imply (IC%). It remains to show that constraints which are in (ICL)
but not in (AS!) are satisfied by adding (OB;) and (OBy,). Note that the left hand side of
(9) is increasing in €. (9) is therefore strictest for 8 = 0. This means that (OB;) implies
(9). The left hand side of (10) is increasing in . (10) is therefore strictest for 8/ = 6. (OB},)
implies (10). Using (7) and (8), we have that (9) and (10) together with (RE') and (RE%)
ensure that all constraints in (/CL) that concern deviation strategies with disobedience after

at most one recommendation hold. Consider some deviation strategy where the agent reports
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f and is disobedient after all recommendations. Such a strategy is only of interest if both
recommendations are given with positive probability, i.e. a(f) € (0,1). [, q5(0,¢)(Gi(c) —
Go(c))de captures the gain from using T3 instead of T after some recommendation r for a
given 6. From (9) and (10) it follows that [ ¢{(6,c)(G1(c) — Go(c))de > [ q5(6,¢)(Gi(c) —
Go(c))dc for all §. This means that there does not exist some ¢ such that [, ¢5(6,¢)(G1(c) —
Go(c))de < 0 and [ ¢5(0,¢)(G1(c)—Go(c))de > ¢'. (OB;) and (OBy,) ensure that any deviation
strategy with disobedience after both recommendations is dominated by a deviation strategy

with disobedience after only one of the recommendations. This completes the proof. O

A.2 Proof of Proposition 1

A relaxed version of the principal’s problem is

max_ Iy st. (MONY),(0B),UF(#) >0
CY,(],UE(Q)

Consider a Lagrangian which includes (OBy)

L

ﬁE—[;wm{u—aw»(lgaad«a@ww%@»@—é)—L?l—a@wm}w

w(0) is the Lagrange-Multiplier. As (OB;) is trivially binding for a/(f) = 1, u(0) = 0 for some
0 with a(0) = 1.

Lemma 7. Suppose Assumption 1 is satisfied. L is maximized with respect to ¢ by ¢5(0,¢) =

Le<p(g) for some p(0).

Proof. For fixed o and ¢f, £ can be written as

o | e (oo OGO Go@ .
c= [a=ao) [ .0 (v- - HENOZEO ) agyars(o) + rest
1(0) G1(c)=Go(c)

This is linear in ¢§(f, ¢) and under Assumption 1 and v € (¢,¢), v — ¢ — 0 9000

unique root where the sign changes from positive to negative. O

has a

Together with the arguments made in the main text, this proves the statement for the case
Fg # F. For Fp = F we can go a step further.
The Lagrangian cannot be maximized with respect to « in a point wise fashion. Therefore

I introduce a function £

- e Jo 1(6)d0 — F(6)
L':/@a(@) </C(v—c)q1(9,c)dG1(c)—9+ S 0 )

(1 = a(6)) /C g0, ¢) <v Cen ’}‘Egi Gl(cgoz;‘)@) dGo(c)dF(6)

L has the following properties:

Lemma 8. £ and L satisfy
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1. L<L
2. If a is deterministic and satisfies (MON?), then £ = L.

Proof. Straightforward calculations show that

0
L—F- /@ a(6) /O () dydf — /@ 1(0)00(6)d0

Point 1. is then immediate. For 2. note that if (MON?) is satisfied and a() is deterministic,
then either () = 0, or a(#) = 1 implying p(#) = 0 and by (MON?') u(#') = 0forall @' < 6. O

Lemma 9. Suppose Assumptions 1 and 2 are satisfied. There exists a mazimizer of L such
that a(0) is deterministic and satisfies (MON?Y).

Proof. L is linear in a(f). It remains to check whether the derivative of £ with respect to a(f) is

60— W is therefore increasing under Assumption 1 if [, 4(0)dé € [0,1].

decreasing in 6.
To show that [, u(6)df € [0,1] for any optimum of L, note that some o cannot be optimal if
a(f) =1 for all # < 6*. For this «, the constraint would have no bite, implying that u(6) =0
for all 8. One can then increase £ by decreasing « for all § > 0*. We therefore know that for
any optimal a, there must exist some ¢’ with 6’ < 6* such that «(¢’) = 0. It follows that at

0 = 0’ we have

et ey g Jo1(0)d0 = F(8)
o=@ c1acie) - o + 20

_ A qg((g/7 c)(v e /;EZ:; Gl(C;OZC?O(C) )dGo(C) <0

This can be rewritten as

/ p(0)do < f(0))0" + F(0) - f(9’)(/ (v = )gi (¢, €)dG1(c)
©

C
- [0 ’;ﬁg; GI(C;JC)G“C) )iG(o))

< F(0)0 + F(O) — f(0)0" < F(¢') < 1

where the first inequality in the last line follows from the fact that ¢f is the efficient production
plan in any maximizer of £.

Finally note that for any investment rule « that satisfies (MON?), (OB;) is relaxed as
rises. From this it follows that w(0)/f(0) has to be decreasing in #. The result follows. O

Lemmata 8 and 9 imply that the investment rule and the production rules given in Propo-

sition 1 have to be part of any optimal contract offered if F' = Fpg.

A.3 Proof of Proposition 3

Lemma 10. In any equilibrium with UF(0) = UL(0) for all  Fg(0,) = Fp(0g) > Fr(0p) =
Fr(6r).
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Proof. Using (5) in (4):

v - Fg(f p(%) Fr(0) 1—Fg(d
/C Gi(c)de — 6 — fz((é)) —/C (v = €)dGo(c) + _L;Lzé) fE(g)( ) o (11)
As 6 < 6* this implies that
FL(é)A 1- Fzg(é) - FE(?)
1—-Fr(0) fr(9) fE(0)
which implies Fg(0) > Fi(0). O

From this it also follows that there is no uninformative equilibrium in which x4(0) = = €
(0,1).

The uninformative equilibria in which the agent either always chooses to meet early or always
to meet late exist under appropriate specification of out-off-equilibrium beliefs. In particular
the principal’s belief off-the-equilibrium path need to put sufficient mass on low investment
costs. This results in contracts which have high distortions in the production of noninvesting
types and small rents for investing types.

It remains to show that

Lemma 11. Uninformative equilibria with early contracting Pareto dominate informative equi-

libria with identical allocations.

Proof. From Lemma 10 we know that Fg(f) > Fr(0) at any § = 0, = 0 in an informative

equilibrium with identical allocations. It follows that F'(0) € (FL(0), Fg(0)) by the fact that
beliefs are derived by Bayes’ rule. 6 satisfies the first order condition in (11) Note that by

Bayes’ rule Fp(0) = [} 2a(2)f(2)dz/ [, x(2)f(2)dz and FL(f)) = [0 —2a(2)f(2)dz/ Jy =
x4(2))f(z)dz. One can decrease the difference between Fr(f) and Fp(0) by either decreasing
24(0) slightly for some appropriate 0 € [0,0) or by increasing x4(0) slightly for appropriate
0 e (é,i]. As 6 is a maximizer the first derivative changes its sign from plus to minus at 6. It
follows that the slight variation in x 4(#) increase the optimal choice of 0. This increases payoffs

for both players. O

References

Baron, D. P. and Besanko, D. (1984). Regulation and information in a continuing relationship.
Information Economics and Policy, 1(3):267-302.

Courty, P. and Li, H. (2000). Sequential screening. The Review of Economic Studies, 67(4):697
- 717.

Deb, R. and Said, M. (2013). Dynamic screening with limited commitment. Unpublished

manuscript.

Es6, P. and Szentes, B. (2007a). Optimal information disclosure in auctions and the handicap
auction. The Review of Economic Studies, 74(3):705-731.

20



Es6, P. and Szentes, B. (2007b). The price of advice. The Rand Journal of Economics, 38(4):863—
880.

Hart, O. and Moore, J. (1988). Incomplete contracts and renegotiation. Econometrica, pages
755-785.

Krahmer, D. and Strausz, R. (2011a). The benefits of sequential screening. CEPR Discussion
Paper No. DPS8629.

Krahmer, D. and Strausz, R. (2011b). Optimal procurement contracts with pre-project plan-
ning. The Review of Economic Studies, 78(3):1015-1041.

Myerson, R. B. (1986). Multistage games with communication. Econometrica, 54(2):323 — 358.

Osborne, M. J. and Rubinstein, A. (1994). A course in game theory. Cambridge, MA: The MIT

Press.

Pavan, A., Segal, I., and Toikka, J. (2013). Dynamic mechanism design: A myersonian approach.

FEconometrica, forthcoming.

21



