Contracts and Capacity Investment in Supply Chains

Andrew M. Davis e Stephen G. Leider

S.C. Johnson Graduate School of Management, Cornell University, Ithaca, NY 14853
Ross School of Management, University of Michigan, Ann Arbor, MI 48109

adavis@cornell.edu e leider@umich.edu

[Preliminary Draft]
April 16, 2015

Suppliers are often reluctant to invest in capacity if they feel that they will be unable to recover
their initial investment costs in subsequent negotiations with buyers. In theory, a number of
different coordinating contracts can solve this issue and induce first best investment levels by the
supplier. In this study, we experimentally evaluate the performance of these contracts in a two-
stage supply chain. We develop an experimental design where retailers and suppliers bargain over
contract terms, and both roles have the ability to make multiple back-and-forth offers while also
providing feedback on the offers they receive. Our main result suggests that an option contract,
where the retailer promises to pay a fixed fee to the supplier when the supplier opts to invest
in capacity, is best at increasing investment levels and overall supply chain profits. Furthermore,
after investigating the evolution of offers during bargaining, we observe that participants tend to
place particular emphasis on “superficial fairness.” Specifically, participants focus more on setting
a wholesale price that is in the middle of the available contracting space, while largely ignoring
the coordinating contract parameter. We show that this behavioral tendency drives the favorable
performance of the option contract, and proceed to investigate this superficial fairness hypothesis
in three additional out-of-sample experiments and find that it explains the data well.

Key words: behavioral operations management, capacity investment, supply chain contract-
ing, bargaining.

1. Introduction

Firms often face the challenge of ensuring that their suppliers develop and maintain sufficient
production capacity. The classic example of this involves General Motors (GM), where GM
agreed to purchase metal car bodies exclusively from its supplier, Fisher Body. After the first
few years of procuring the car bodies from Fisher, GM found that its demand for automobiles
greatly increased. Therefore, GM encouraged Fisher to increase its capacity and build a
factory near GM’s operations. Fisher, however, was concerned about the expense of the new

factory and preferred to expand an existing factory. Additionally, Fisher was in discussions



to form a partnership with competing car manufacturers in Cleveland. Ultimately, to ensure
the availability of sufficient capacity GM chose to purchase the remaining shares in Fisher
Body, at great expense (Klein, Crawford & Alchian 1978, Coase 2006).E|

A supplier like Fisher Body faces one form of the classic capacity investment problem: a
supplier may be reluctant to make investments such as developing capacity if they believe
that their future profits will be insufficient, either due to low bargaining power in ex post
negotiations, or a price that gives the supplier too small a margin, so that the buyer ex-
propriates most of the surplus generated by the investment. As a result, the supplier may
then invest in less capacity than what would be jointly optimal.ﬂ Cachon & Lariviere (2001)
highlight a number of examples where suppliers are left without returns from their capacity
investments, and suggest that “suppliers may be wise to avoid spending heavily to serve
assemblers” (Cachon & Lariviere (2001), pp. 630).

To increase supplier capacity investment levels, theoretical research has proposed a
number of solutions. One is vertical integration, which was the ultimate outcome in the
GM-Fisher Body example. Although vertical integration can eliminate the issue entirely,
it requires substantial costs and presents its own set of risks and challenges (Stuckey &
White 1993). Another solution is establishing a long run relationship between the buyer and
supplier, which can limit the buyer’s ability to extract most of the surplus from the sup-
plier. However, due to the expense and scope of many capacity investments, and likelihood
that market characteristics such as product demand and materials costs will change, long
run relationships may be difficult to maintain. For example, a factory or power plant may
last decades, and firms may not be willing to commit up front to a particular decades-long
relationship with another firm.

Another alternative to the problem of supplier capacity investment, is to introduce con-
tractual solutions. This approach has been highlighted recently in the operations manage-
ment literature (e.g. Cachon & Lariviere 2001, Tomlin 2003, Ozer & Wei 2006, Plambeck
& Taylor 2007, Taylor & Plambeck 2007a). Proposed designs include multiple part pricing

contracts, minimum quantity commitments and option contracts.ﬂ All of these can provide

ILater discussions re-examining the source documents have complicated the story from Klein et al.’s initial
description, see (Freeland 2000, Klein 2000, Coase 2006). Despite the disagreement on the interpretation of
the Fisher Body acquisition, it remains a leading example in the literature.

2The location of a firm’s capacity can also create a similar problem, such as the placement of power plants
at the mouth of a coal mine, or Crown Cork and Seal Co. locating its metal can factory in a location to
serve both Coke and Pepsi (Bradley 2005).

3All three types of contracts are used in practice by companies in managing their supply chains. Lovejoy



suppliers with indirect incentives to invest in capacity, by increasing the returns for higher
capacity, and also maintain an equitable division of the overall surplus between the two
parties. In this study, we focus on determining how these contractual solutions perform
at increasing supplier capacity investment levels, when allowing human-subjects to bargain
over contract parameters and make capacity investment decisions.

While there have been a number of papers analyzing capacity investment problems from
a theoretical standpoint, there have only been a few experimental studies on the topic (e.g.
Hoppe & Schmitz 2011). Many of these experimental studies assume settings with determin-
istic demand and simplified bargaining. Our work is unique with respect to both of these
aspects. First, to reflect an accurate operations management context, we incorporate a two-
stage supply chain between a retailer and supplier, where demand is randomly determined.
Second, we introduce and employ a novel experimental design which we call “structured
communication.” Unlike past contracting experiments, which typically permit a one-shot
take-it-or-leave-it ultimatum offer from one party to the other, our design allows both a re-
tailer and supplier to make multiple, back-and-forth offers over contract parameters. During
the bargaining stage subjects can also send limited feedback, detailing whether a particular
contract parameter is too high or too low. Through this structured communication protocol
we are able to not only mimic a more realistic bargaining environment, but also observe how
offers evolve over time and understand what drives acceptances or rejections.

Using our experimental design, we evaluate and compare several proposed contractual
solutions to the problem of supplier capacity investment, with the goal of answering the
following research questions: (1) do suppliers choose to invest in capacity when facing ran-
dom demand and future revenues are negotiated after the investment decision? (2) which
contracts perform best at increasing supplier investments and thus overall supply chain prof-
its? and (3) what accounts for the success of any contracts that generate higher supplier
investment levels?

According to theory, three of the contractual solutions we explore (a price premium for
higher quantities, a minimum quantity commitment, and an option contract) should be
able to not only generate first best capacity investment decisions for suppliers, but also
provide equitable splits of the total surplus between the retailer and supplier. However, we

find that the three contracts perform quite differently than the normative benchmarks. In

(2010) documents supply chain managers using multiple-part pricing and quantity commitments, while
Plambeck & Taylor (2007) describe companies using option contracts.



particular, we observe that the option contract, where the retailer promises to pay a fixed
option fee whenever the supplier opts to invest in capacity, performs substantially better than
all other contracts at increasing supplier investment, and thus generating higher expected
supply chain profits. Additionally, we find that during bargaining, retailers and suppliers
appear to be focused on achieving “superficial fairness,” rather than true equality of expected
profit. Specifically, subjects place great emphasis on negotiating a wholesale price which is
approximately in the middle of the contracting space, while largely ignoring the coordinating
term (which can have a significant impact on the distribution of profits). This behavioral
tendency drives the favorable performance of the option contract, as there is a large set
of coordinating terms which, conditional on having a “superficially fair” wholesale price,
generate the proper incentives for suppliers to invest and thus increase the total expected
supply chain surplus.

In an effort to test whether the superficial fairness is robust to other contracts and
settings, we explore three experimental out-of-sample robustness checks. In the first, we
evaluate an additional contract, a service-level agreement. In the second, we provide partici-
pants with decision support pertaining to what their expected profits would be from making
or accepting each offer. In the third, we run three additional treatments with alternative
experimental parameters. For all three robustness checks, we continue to find evidence in
support of superficial fairness in predicting decisions and outcomes. Additionally, we find
that in many cases option-like contracts (including the service level agreement) also bene-
fit buyers by increasing the likelihood that suppliers will invest in capacity even when the
contract does not provide sufficient financial incentives.

The next section provides a brief summary of the relevant literature for our study. We
then provide an overview of the relevant theory, and a number of contractual solutions that
can increase investment levels, in Section Following this, in Section [, we detail our
experimental design and structured communication protocol. The results of the experiment
are presented in Section [5], including contract performance and a summary of the bargaining
dynamics. We highlight several additional experimental robustness checks in Section [6] and
conclude with a discussion of our results, managerial implications, and future research in

Section



2. Literature Review

There is an extensive economics literature that identifies the problem of under-investment
when the returns to a relation-specific investment is expropriable by the investing firm’s
counterpart ex post (economics often refers to this as the hold-up problem, see Williamson
(1975) and Klein et al. (1978) for early discussions, Grout (1984) and Tirole (1986) for
early formalizations and Che & Sakovics (2006) for a broad survey). The most prominent
solutions to this problem in the literature include vertical integration contracting and re-
peated interaction. Vertical integration improves results by eliminating transaction costs
(Klein et al. 1978, Williamson 1979), or by changing control rights in a way that influ-
ences bargaining power (Grossman & Hart 1986, Hart & Moore 1990). Many contractual
solutions similarly change bargaining power to induce investment by changing the status
quo payoffs of one or both parties (Aghion, Dewatripont & Rey 1994, Chung 1991, Hart
& Moore 1988, Noldeke & Schmidt 1995). Reputational concerns and repeated interaction
can also mitigate a lack of capacity investment by increasing the costs of attempts to expro-
priate more of the surplus (Klein & Leffler 1981, Baker, Gibbons & Murphy 2002, Che &
Sakovics 2004a, Che & Sakovics 2004b).

Papers in the experimental economics literature also introduce possible solutions to ca-
pacity investment problems. Early papers such as Sloof, Sonnemans & Oosterbeek (2004),
Ellingsen & Johannesson (2004) and Sloof (2008) test whether investment decisions respond
to the structure of the situation as theory predicts. Sloof et al. (2004) find that while invest-
ments are suboptimal, the investing firm receives more than the predicted amount and that
investments are not sensitive to outside options. Ellingsen & Johannesson (2004) find that
the supplier’s investment decision, despite being a sunk cost, affects bargaining outcomes
and that investment rates are quite high (particularly with communication). Sloof (2008)
studies the role of price-setting power and asymmetric information on investment decisions.
He finds that investment levels are much more responsive to price-setting power than in-
formational rents, in contrast to the standard theory. Other experiments test the role of
contracts and organizational form as solutions to capacity investment problems. Hoppe &
Schmitz (2011) study whether contracts can improve decisions when renegotiation is possi-
ble. Fehr, Kremhelmer & Schmidt (2008) and Dufwenberg, Smith & Essen (2013) examine
how the allocation of control rights affects results. Fehr et al. (2008) find results consistent

with the property rights approach in that the allocation of ownership rights affect investment



decisions. However, surprisingly they find that joint ownership performs the best, contrary
to the standard theory but consistent with inequity aversion. Dufwenberg et al. (2013)
similarly provide evidence for non-standard preferences (specifically negative reciprocity) by
demonstrating that investment decisions depend on whether the investing individual controls
the output ex post and can therefore withhold the output during renegotiation. An individ-
ual who feels negative reciprocity can punish attempts to hold him up by destroying value.
These previous experimental studies have largely considered abstract settings, determinis-
tic outcomes for decisions, and one-shot-take-it-or-leave-it type bargaining structures. Our
context of capacity investment with random demand suggests new contractual solutions to
capacity investment problems. Also, structured communication lets us see how offers evolve,
and why an offer was rejected.

The theoretical literature on bargaining is quite rich, including process-free bargaining
solutions (such as the Nash Bargaining Solution (Nash 1950)), game-theoretic analysis of
sequential bargaining games (Rubenstein 1982), and many other approaches (see Muthoo
(1999) for a comprehensive treatment). From an experimental perspective, studies exploring
bargaining typically apply one of two extreme structures; ultimatum one-shot-take-it-or-
leave it offers or complete free form negotiation. The former is useful in that theoretical
benchmarks are more easily derived, allowing researchers to experimentally test theoretical
predictions (e.g. Davis, Katok & Santamaria 2014), however, an ultimatum environment
strays from a true back-and-forth negotiation observed in practice. Free form negotiation, on
the other hand, is attractive in remedying this issue (Leider & Lovejoy 2013), and mimicking
a more realistic bargaining process. However, free form negotiation runs the risk of losing
control in the laboratory (i.e. participants agreeing to deals unknown to the experimenter)
and preventing researchers from observing certain cues and messages that may impact the
outcome (i.e. facial gestures, etc). As will be described in Section {4 unlike these past
experimental studies, we develop and implement a bargaining protocol that combines certain
features of both approaches. Haruvy, Katok & Pavlov (2013) is the only other study we
are aware of using a similar bargaining approach, however their design only permits one
player to make repeated offers, whereas ours allows both parties to make offers in any order.
Additionally, in their study players receiving offers can only reject offers, whereas ours allows
responders to provide feedback on how they feel about a particular contract offer.

More recently, operations management researchers have conducted a number of theo-

retical studies on capacity investment decisions in various settings. These include, among



others, studies that investigate how competition affects a firm’s choices of technology and
capacity investments (Goyal & Netessine 2007), and the timing of capacity investment de-
cisions between established firms and start-ups entering new markets (Swinney, Cachon &
Netessine 2011). In our case, the most relevant studies are those which generally focus on
how contracts can induce a supplier to invest in capacity for a retailerﬁ Cachon & Lariviere
(2001) investigate an asymmetric information setting where a manufacturer can share its de-
mand information with a sole-source supplier. After receiving this information, the supplier
makes a decision about how much capacity to install. The manufacturer then obtains an
updated forecast, and places an order with the supplier. Cachon & Lariviere (2001) compare
two compliance regimes in this setting, and identify contracts that allow the manufacturer to
provide credible forecast information in both regimes. Tomlin (2003) extends Cachon & Lar-
iviere (2001) through a slightly different context, in that both a manufacturer and supplier
invest in capacity. He derives a class of coordinating price-only contracts that can arbitrarily
split expected profits between the two firms, and also demonstrates that “share-the-pain”
contracts, such as options contracts, can increase supplier capacity under full information.
Ozer & Wei (2006) also extend Cachon & Lariviere (2001) by examining how a supplier can
screen buyers, under asymmetric information, by offering a menu of contracts.

Plambeck & Taylor (2005) evaluate a scenario with original equipment manufacturers
selling production to contract manufacturers, and identify how pooling and bargaining power
affect investments in innovation and capacity. Taylor & Plambeck (2007a), in a classic
capacity investment decision setting, derive optimal price only, and price with quantity,
contracts and explore which contract is best under different production and capacity costs.
In a related study, Taylor & Plambeck (2007b) theoretically investigate capacity investment
decisions under asymmetric information and imperfect monitoring. Similar to the setting
in their other study mentioned here, because the product is not complete at the time of
the capacity investment decision, firms cannot write complete contracts. Instead, they turn
to informal, relational contracts, which state terms of trade that depend on the supplier’s
capacity decision, and show that the optimal contract can be complex. Taylor & Plambeck
(2007b) propose two simpler alternative contracts that perform well relative to this optimal
contract. Overall, despite the popularity of capacity investment research in the theoretical

operations management literature, no behavioral operations management studies on capacity

4In a contemporaneous paper, Haruvy, Katok, Ma & Sethi (2014) study experimentally a hold-up problem
involving production when there is asymmetric information about quality.



investment problems, to our knowledge, exist.

3. Theoretical Background

Here we present a brief theoretical review of the capacity investment problem. The fun-
damental issue for the capacity investment problem is how to provide the supplier with
sufficient incentives to make a costly investment in productive capacity. We assume that the
capacity is only useful to satisfy demand for the retailer’s productE], and thus the allocation
of the surplus between the supplier and retailer is essential. Additionally, we assume that
the supplier must invest before demand is realized. In the base condition for the model,
where the retailer and supplier negotiate the terms of the transaction after demand is re-
alized, the cost of the investment is sunk. If the retailer acts opportunistically by taking a
sufficiently tough negotiating stance he can capture a large share of the overall surplus, and
expropriate much of the increased surplus generated by the investment. Anticipating that
future negotiations may leave him with insufficient compensation for his investment cost, a
supplier may refuse to invest [

We consider four contracts that could be signed before the investment decision: wholesale
price, quantity premium, quantity commitment, and option. We chose these contracts be-
cause they are all used in practice (Lovejoy 2010, Plambeck & Taylor 2007), and can induce
the supplier to invest in capacity through different mechanisms. For example, the quantity
premium contract can increase supplier investment through two wholesale prices, whereas
the quantity commitment contract can induce investment through one wholesale price and
a quantity, which the retailer promises to purchase from the supplier regardless of demand.
While many contracts can yield first-best investments and are equivalent in theory, their
performance may differ when human decision makers bargain over specific contract terms.
Additionally, because we expect that in our experiments the fairness of the profit division
between buyer and supplier will be focal, we highlight for each contract whether sufficient
incentives to invest can be provided while also giving equal profits. We may expect that
subjects in our experiment would be reluctant to agree to a contract that yields an unfair

division of profits, even if it is incentive compatible.

5That is, capacity is relationship-specific to this retailer.

6The literature on the hold-up problem considers a variety of possible actions a firm might take to
expropriate value, e.g. renegotiation of an initial agreement, placing an inefficient order, inflating costs, etc.
Our focus on value extraction during ex post bargaining is the simplest form of opportunism considered in
that literature, and matches the similar setups int he experimental economics literature on hold-up.



3.1 Capacity Investment Model

We assume that demand follows a two-point distribution, with high demand D, low demand
d, and difference in demand 6 = (D — d). High demand D occurs with probability p,
and low demand d occurs with probability (1 — p). Throughout we will use “ex ante” to
refer to agreements and decisions that occur before demand is realized, while “ex post”
will refer to actions taken after demand is realized. The supplier S manufactures products
instantaneously, starts with sufficient capacity to make d units, and can incur a fixed cost of
K to increase its capacity to D units.

We next define what information is Veriﬁableﬂ (and therefore contractible), and what
is observableﬁ We assume that the supplier’s investment decision is not verifiable, but is
observable by the retailer. Verifiable investments can be directly contracted upon, and
therefore do not pose a problem. With observable capacity the retailer can condition his
actions (e.g. the number of options to exercise) on the decision.ﬂ Additionally, we will
assume that the number of units purchased is verifiable, and that demand is observable but
not verifiable.

There is full information for both parties about the model parameters. Let r represent
the retailer’s revenue per unit, and ¢ = 0 denote the supplier’s marginal cost of production
per unit.m We assume there are no fixed ordering costs and that investment is beneficial for
the overall supply chain K < rpd. Let Wf(x) denote the expected profit function of party
i, 1€ {R,S}, in contract j, j € {EP,WP,QP,QC,OP}, where decision x is the supplier’s
investment decision, = € {Yes,No}. Lastly, for a given set of contract terms, if it is in the
supplier’s best interest to invest in capacity, we will refer to this as an incentive compatible

contract E

"Verifiable information is information that provable to a court - a necessary prerequisite for basing con-
tractual obligations and penalties on that information.

8A firm’s actions can depend on observable information.

9We will relax this assumption with a robustness check later in the paper.

10The only substantive effect that this assumption makes, is that it simplifies the quantity commitment
contract. In the quantity commitment contract, to maintain efficiency the firms must agree that if the
supplier invests, and low demand occurs, the supplier will get paid its profit margin on the extra (Q — d)
units.

1 Gince renegotiation is not a primary focus of our analysis, we assume that renegotiation is not possible,
and hence incentive compatibility depends on the initial terms of the contract. However, since renegotiation-
proofness is often of interest for contractual solutions to ex ante investment problems, we briefly discuss
renegotiation-proofness in section of the Appendix.



3.2 Ex Post Negotiation

Under our baseline setting, a supplier must make a non-contractible capacity investment
decision before knowing with certainty what demand is, and what their split of the supply
chain surplus will be. Only after the supplier’s investment decision, and demand is revealed,
do the retailer and supplier bargain over the supply chain surplus. During this ex post
(EP) negotiation, both parties bargain over the fraction of the total surplus that goes to the

supplier a. The expected profit functions for both parties under an £ P negotiation are:

5 () = (1—a)rd if = No,
e (1 —a)r(d+pd) if z = Yes.

5() = ard if x = No,
ar(d+pd) — K if z = Yes.

E P negotiation is incentive compatible if the supplier believes that a > %. Note that
as K — rpd, then a — 1, indicating that investment under E P negotiation leads to unequal
splits in profit between the two parties. Additionally, note that since the cost of investment
is sunk, common bargaining solutions such as Nash Bargaining would predict a = 0.5.
Therefore a supplier may expect that the retailer will capture too much of the surplus, and

therefore investment will be unprofitable.

3.3 Wholesale Price Contract

Under a wholesale price (W P) contract, the retailer and supplier agree ex ante to buy and

sell units at wholesale price w, 0 < w < r. In this contract the expected profit functions are:

() = (r—w)d if x = No,
(r—w)(d+pd) if z = Yes.

() = wd if z = No,
w(d+pd) — K if x = Yes.

The W P contract is incentive compatible for the supplier if w > p%, which is equivalent

s This condition is the same as the E'P negotiation case if ¥ = a. Therefore,

again we have that as K — rpd, then o — 1, leading to investment but requiring unequal

profit shares.

10



3.4 Quantity Premium Contract

A quantity premium (QP) contract states that the retailer and supplier agree ex ante to buy
and sell units at wholesale price wy, 0 < wy; < r for the first d units, and wholesale price ws,

0 < wy < 7 for the any units sold above d. In this contract the expected profit functions are:

or() = {(r —wy)d if x = No,

T (r —wy)d + (r —wq)pd if x = Yes.
79 (z) = wyd if z = No,
wid + wepd — K if x = Yes.

The Q)P contract is incentive compatible when wy > p% = wy. There are a range of pos-
sible QP contracts that are both incentive compatible and give both parties equal expected
profit, speciﬁcally:B

w0y — (r—2w1)d+rp5+K7r(d—p5)+K <w < r(d+pd) — K ‘
2pd 2d 2d

3.5 Quantity Commitment Contract

Under a quantity commitment (QQC') contract the retailer and supplier agree ex ante to buy
and sell units at a wholesale price of w, 0 < w < r, with a (binding) commitment that the
retailer buy at least ¢, d < ¢ < D units. If the supplier does not invest, and is therefore
unable to deliver ¢ units, then the retailer is released from the commitment and is free to
order any amount. Since the transaction is verifiable (i.e. the order size and units delivered
are provable to a court), it is feasible to make the quantity commitment legally enforceable.

In this contract the expected profit functions are:

oc( ) (r—w)d if x = No,
w2(x) =
" (1 —p)(rd — wq) + p(r —w)D if z = Yes.
79%(z) = wd if z = No,

y w(@g+p(D—q)) — K if x = Yes.

w(d—pD)+K

wiop) g. Again, there are a

The QC' contract is incentive compatible when ¢ >

12Please see section in the Appendix for details.

11



range of possible contracts that are incentive compatible and equalize expected profits:

_(r=2w)pD +r(1 -p)d+ K
- 2w(1 —p) ’

r(d+pd) + K
2D

Swgmin{r(deré)—K r(d+p5)+[(}}

2d T 2(d+ pd)

3.6 Option Contract

In the option (OP) contract, the retailer and supplier agree ex ante to buy and sell units up
to D units at a wholesale price of w, 0 < w < r, and the retailer pays a lump sum option
fee p, to the supplier. If the supplier cannot deliver a unit that the buyer has an option
for, he must return the option fee. We refer to this contract as an “option” contract to be
consistent with past literature, for example, Noldeke & Schmidt (1995) use this title as the
contract provides the supplier with the option to invest in capacity, and receive the option
feeE In this contract the expected profit functions are:

or () = (r —w)d if z = No,
| (r—w)(d+pd) —p, if z = Yes.

™

or(5) = wd if x = No,
y N w(d+pd) +p, — K if x = Yes.

The OP contract is incentive compatible when p, > (K — wpd) = ﬁOE Then, the set of

option contracts that are incentive compatible and equalizes expected profits are:

~(r=2w)(d+pd) + K r(d+pd) — K r(d+pd)+ K
Po = 2 20d ' 2(d+po) } '

,wgmin{

4. Experimental Design

The laboratory experiment was designed to study how different contracts, with structured
communication, affect capacity investment decisions. We evaluated the classic FP nego-

tiation case, along with each of the four contracts outlined in Section [3 in five separate

13 Additionally, this can also be thought of as a more traditional options contract, where the retailer buys
g < D individual options for an option price of p,/q. The options give the retailer the right to buy up to ¢
units at price w. If the retailer exercises more units than the supplier can deliver, the supplier must refund
the full option fee p,. Note that we consider a simplified structure by fixing the number of options at ¢ = D.

MWe will consider an alternative form of the OP contract, where the investment is only observable if
demand is high and the supplier neglects to invest in capacity, much like a service-level agreement, in a
robustness check in Section @

12



treatments. Below we will outline the decision sequence of each treatment, followed by our
experimental parameters and predictions, and then detail our structured communication

protocol.

4.1 Experimental Sequence

Each treatment consisted of 10 rounds, where the decision sequence in each round differed
between the E'P negotiation treatment, and the four contract treatments (please refer to
Figure . In each round of the E'P treatment, a participant was first randomly assigned the
role of a retailer or supplier. They were then randomly matched, anonymously, with someone
of the opposite role. The supplier then made a decision of whether to incur a fixed cost to
invest in capacity. After this, random demand was realized, and the supply chain surplus,
along with the supplier’s investment decision, was displayed to both parties. The retailer
and supplier then bargained over the split of the supply chain surplus. If an agreement was
reached on the split of the supply chain surplus, both parties earned their respective private

profits and the round ended.

Ex Post Wholesale Quantity Quantity .
. . . . Option
Negotiation Price Premium Commitment (0P)
(EP) (wp) (ar) (Qo)
(o N (o (o N
[ Role assignment | [ Role assignment [ Role assignment [ Role assignment | [ Role assignment
\ 4 \ 4 \ 4 \ 4 \ 4
Supplier - - - -
investment Bargaln‘/:/ng over Bargal/nlrf over Barga:;lng over Barga;:lng over
decision v 2 b bl
\ 4 \ 4 A 4 \ 4 \ 4
Prelimi far? . ;
resurl‘tesl'rzzri;ynd Supplier’s Supplier’s Supplier’s Supplier’s
U ’ lier's ! investment investment investment investment
oL decision decision decision decision
decision, surplus
\ 4 ) \ 4 N ) A4 ] ) \ 4 ) ) \ 4 N
. N (a o) N
Bargaining over [ Final results (|  Final results [ Finalresults ) | Final results
a F/ F/ F/

\ 4

[ Finalresults )

Figure 1: Decision sequence in each of the experimental treatments.
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In the four contract treatments, as with the EP treatment, each round began with a
participant being randomly assigned the role of a retailer or supplier, who was then matched
randomly with someone of the opposite role. However, unlike the E'P treatment, following
the role assignment and matching, the pair then began to bargain over the appropriate con-
tract parameter(s). In the WP contract, the retailer and supplier bargained over a wholesale
price, in the QP contract they bargained over two wholesale prices simultaneously, in the
QC' contract they bargained over a wholesale price and quantity commitment simultane-
ously, and in the OP contract they bargained over a wholesale price and option payment
simultaneously. After an agreement was reached in this bargaining stage, the supplier then
made the decision of whether to incur a fixed cost and invest in capacity. Lastly, random
demand was realized, and the appropriate profits were displayed privately to each player to

end the round.

4.2 Experimental Parameters and Predictions

We used the same experimental parameters in all treatments. Following the theory outlined
in Section [3, we set demand to follow a two-point distribution, with high demand D = 20
and low demand d = 10, where the probability of high demand was p = % The supplier’s
investment cost was set to K = 35, allowing them to increase their capacity from d = 10
units to D = 20 units. The retailer’s revenue per unit was » = 10, and the supplier’s marginal
cost per unit was ¢ = 0.

Given these experimental parameters, if the supplier does not decide to invest in capacity,
then the total supply chain surplus and profit is 100. If the supplier does choose to incur
the investment cost and increase capacity, then the expected supply chain surplus is 150 =
r(d + pd), and the total expected supply chain profit is 115 = r(d + pd) — K. This means
that underinvestment leads to an expected profit reduction of 15 = (115 — 100).

There were 38 participants in the EP treatment, and 48 participants in each of the four
contract treatments, for a total of 230 subjects. Based on our experimental parameters
and the theory outlined in Section [3, one can calculate contract parameters necessary for
investment to be incentive compatible and equalize expected profits. This information is
shown in Table [l

151C contracts make up 30% of the individually rational contracting space for WP and QP, 44% for QC,
and 84% for OP.

14



Table 1: Experimental design, number of participating subjects, and contract details.

Participants Incentive Compatibld™ Equal Profits | Incentive Compatible
EP 38 a > 0.70 -
WP 48 w > 7.00 -
QP 48 wy > 7.00 {wy = (18.5 — 2wy),4.25 < w; < 5.75}
QC 48 >0 {g= (£ —-20),4.63 <w <575}
OP 48 Do > (35 — bw) {po = (92.5 — 15w),w < 5.75}

As mentioned previously, it is important to note that EP negotiation and the WP
contract can only induce investment for highly unequal expected profit splits, but the three
other contracts can all induce investment with equal expected profit splits.

We conducted all sessions at a large northeastern university in the fall of 2012 and spring
of 2013. Subjects in all treatments were students, mostly undergraduates. Before each
session subjects read the instructions themselves. Following this, we read the instructions
out loud and answered any questions. In total, roughly 30 minutes were spent reviewing
the details of the game. We recruited participants through an online recruitment system
where cash was the only incentive offered. Subjects were paid a $5 show-up fee plus an
additional amount that was based on their personal performance for all 10 rounds. Average
compensation for the participants, including the show-up fee, was just over $26. Each session
lasted approximately 90 minutes, and we programmed the experimental interface using zTree

(Fischbacher 2007).

4.3 Structured Communication Protocol

As mentioned in Section [2 experimentally studying bargaining in a controlled laboratory
setting typically involves one of two extremes; ultimatum take-it-or-leave-it offers or free
form negotiation. For our experiment we developed a structured communication protocol
that permitted players to bargain with each other dynamically, thus allowing allowing us
to monitor how contract offers evolved over time. The bargaining stage in each round of
each treatment lasted for four minutes.[l;g] Consider the QC' contract as an example. During
this time, a retailer and supplier would bargain simultaneously over a wholesale price and

quantity commitment amount. Both players could propose different combinations of the

16The data, and informal conversations with participants, indicates that four minutes was a sufficient
amount of time for participants to get comfortable with the interface and explore the parameter spaces.
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wholesale price and quantity commitment at any point in time, with no restrictions on the
number of offers, and no rules requiring alternating offers (i.e. a subject could make as many
offers in a row without the other player responding).

When either player received an offer, they could either accept it, or, provide feedback to
the proposer with respect to the contract parameters.ﬂ For instance, in the QC' contract,
someone receiving an offer could let the proposer know whether they felt wholesale price was
too high or too low, and/or whether they felt that the quantity commitment was too high
or too low. To help subjects keep track of their proposed and received contract offers, we
also provided them with two tables, which displayed all of the past proposed and received
contract offers, along with any feedback (i.e. if a contract parameter was too high or low).
If either party chose to accept a contract proposal at any time, the bargaining stage ended.
Alternatively, if an agreement was not reached, both parties earned an outside option profit
of zero. We provide a detailed screenshot of the QC' bargaining stage in section [A.4] in the
Appendix. By utilizing this type of bargaining structure, we emulated a process that incor-
porates important features of a realistic negotiation process (i.e. dynamic offers, feedback,

etc), while maintaining our ability to directly monitor the bargaining dynamics.

5. Results

5.1 Contract Performance

Retailer-supplier dyads successfully reached an agreement at similar rates across all five treat-
ments. Results of a series of two-sided proportions tests reveals only one significant difference
in agreement rates, between the WP contract (81% agreement) and the QC' contract (92%
agreement). Therefore, we first focus on investment rates and contract parameters given
agreements, and later explore offers that were not accepted when we present the bargaining
dynamics, in the subsequent section.

Figure [2] depicts the average investment rates by suppliers for each treatment. As one can
see in the first column of Figure [2] while the average investment rate in the E'P negotiation
treatment is significantly higher than 0%, supplier investment only occurs 29.70% of the
time, leading to a substantial reduction in potential profits

Continuing with Figure [2| a two-sided proportions test, with an individual represent-

ing an independent observation, reveals that investment rates in the W P contract are not

17Subjects were only allowed to accept or provide feedback on the latest offer received.
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Figure 2: Average investment rates for each experimental treatment.

significantly higher than in the EP treatment (p = 0.3298). This is somewhat expected,
as the WP contract can only induce the supplier to invest in capacity if there are highly
unequal splits in expected profits between the two parties. However, when comparing the
QP contract to the E'P negotiation treatment, we again observe no significant difference
in average investment rates (p = 0.1657). This is contrary to the normative theory, which
shows that the QP contract can not only induce investment, but also lead to an equitable
split of profits.

A different result emerges when we compare the QC' and OP contracts to the baseline
E P negotiation treatment. In both the QC' contract and OP contract, investment levels
are significantly higher than the EP case (p = 0.023 in the QC' contract, and p < 0.001
in the OP contract). This is especially true in the OP contract. It achieves an average
investment rate of 86.85%. Not only is this investment rate higher than the baseline EP
negotiation case, but it is also significantly higher than each of the other three contracts (all
p < 0.001). Furthermore, the favorable performance of the OP contract persists over time,
which can be observed in Figure [3| To formally check for any experience effects, we ran five
logit regressions with random effects, with the supplier investment decision as the dependent
variable, and the decision period as the independent variable. In none of the five regressions
was the coefficient on the period variable significant (smallest p = 0.273). This leads to our
first primary result: the OP contract, and to a lesser extent QC' contract, is successful in
increasing supplier capacity investment levels.

As a first step in understanding why the OP contract performs well relative to the other
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Figure 3: Average investment rates over time for each experimental treatment.

contracts, we first looked at how suppliers made their investment decisions between incentive
compatible and non-incentive compatible agreements. Figure [4al shows these results. The
grey columns represent the percentage of agreements that were incentive compatible (IC),
and illustrate that suppliers invested most of the time, and at similar rates, across all four
contracts (the only difference in IC investment rates, that was near significance, was between
the WP contract and OP contract p = 0.0511). However, there are larger differences when
looking at investment rates for non-incentive compatible agreements (Non-IC). In particular,
suppliers tended to invest in capacity around 55% of the time in the O P contract, even though
the agreement was not incentive compatible. While non-IC OP contracts are relatively rare,
and therefore don’t contribute much to the overall investment levels for O P, we will revisit
this additional investment in a later section.

Figures and demonstrate two striking differences between the OP contract and
the other contracts. First, more than 90% of OP contracts were incentive compatible,
compared to half the QC contracts and a small minority of the W and QP contractsm
Additionally, subjects were somewhat more likely to invest even when the contract was not
incentive compatible in the O P treatment, compared to the other treatments. The difference

in IC contracts plays a relatively larger role in explaining the treatment differences in these

181t is worth noting that the average proportion of rounds that had at least one incentive compatible offer
were relatively high across all four contracts: 80% in the W P contract, 61% in the QP contract, 90% in the
QC contract, and 99% in OP contract. Subjects in each treatment, therefore, generally had an opportunity
to agree on an IC contract.
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Figure 4: Figure @ shows average investment rates for non-incentive compatible (Non-1C)
agreements, and investment rates for incentive compatible agreements (IC). Figure [4b|shows
the average rate of incentive compatible agreements across all four contracts.

sessionsEL however the excess investment under non-IC contracts will play a larger role (and
be discussed further) in the additional treatments we run in Section [6]

Table [2] delineates the average contract parameters for agreements in each experimental
treatment, as well as the expected share of the surplus the contract assigns to the supplier.
Additionally, the last column shows the average required condition on the second term of the
contract for incentive compatibility, given the observed wholesale price. Starting with the
E'P negotiation treatment, retailers and suppliers agreed on a near 50-50 split in dividing
the supply chain surplus (50.58% going to the supplier). Recall from our experimental
predictions, in Table (1} that under E P negotiation, the supplier must expect to receive at
least 70% of the supply chain surplus in order for investment to be worthwhile. Therefore,
the lack of investment observed in the E'P negotiation case is expected given the agreements.

Moving to the W P contract, the average agreed upon price was 5.61, again below the required

9T assess the relative impact of contract composition and investment decisions, for each treatment we
calculate what the investment rate would be if the fraction of IC contracts matched the OP treatment
(keeping fixed the investment decision conditional on incentive compatibility), and what it would be if the
investment decisions conditional on contract incentives matched the OP contract (keeping fixed the percent
of IC contracts). For the QC' treatment making either of these changed would eliminate approximately
two-thirds of the difference in overall investment rates. For QP changing the share of IC contracts closes
85% of the gap, while changing the investment decisions shrinks the gap by 45%. For W changing the share
of IC contracts reduces the treatment difference by 65%, while changing the investment decisions reduces
the difference by half. In all cases the share of IC contracts plays as big or bigger role in the treatment
differences than the investment decisions.
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Table 2: Average contract parameters for each of the five experimental treatments.

‘ « w/wy Wo q Do ‘ Implied « ‘ IC given w
Ep 50.58% - - - - - -
[0.981]
WP - 5.61 - - - 55.20% -
[0.113] [0.672]
OP - 5.79 5.43 - - 57.11% wy > 7.00
0.141]  [0.180] [0.877]
ocC - 5.29 - 14.34 - 54.66% q > 14.08
[0.118] [0.318] [1.207]
oP - 5.19 - - 27.55 62.23% Po > 9.86
[0.158] 2.178] | [2.028]

Note: Standard errors are reported in square brackets.

“Implied «” denotes the average share of the

expected surplus that the supplier would receive (if they invested according to the incentive compatibility
of the contract)PY “IC given w” reports the average threshold for the second contract term for incentive
compatibility, given the observed wholesale price.

threshold for incentive compatibility (w > 7.00). A similar result exists in the QP contract,
where subjects agreed on a secondary wholesale price of wy = 5.43, and the condition for
incentive compatibility was wy > 7.00. Lastly, in line with earlier results, the average
agreed contract parameters in the QC and OP contracts are much more consistent with the
requirements for inducing the supplier to invest (with OP being well above the threshold),
leading to higher levels of incentive compatibility.

Recall that the QP, QC, and OP contracts can all be incentive compatible while equal-
izing both player’s expected profits, where the latter is based on the wholesale price (or w;
in the QP contract) being within some range. Specifically, 4.25 < w; < 5.75 in the QP
contact, 4.63 < w < 5.75 in the QC treatment, and w < 5.75 in the OP contract. Note in
Table [2] the average observed wholesale prices for these three contracts are within, or near,
all of these ranges (5.79, 5.29, and 5.19). Lastly, note that these average wholesale prices
are almost exactly halfway between the retailer’s revenue per unit » = 10 and the suppliers
cost of production ¢ = 0, with small standard errors. We will further explore this behavior,

that subjects agreed on equitable wholesale prices, in the next section.

20Results are similar if we use actual investment decisions.
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5.2 Bargaining Dynamics

Across all contracts, over time, the evolution of contract proposals changed considerably.
In Figure |5, we provide six sunflower density plots, two for each of the QP, QC, and OP
contracts. These density plots represent the contract proposals during the bargaining stage
at different moments in time. Specifically, the left-hand side figures show the density of
contract offers during the first two minutes of bargaining (first half), whereas the right-hand
side figures show the density of contract offers during the last two minutes of bargaining
(second half). In all six plots, the vertical axis denotes the wholesale price (w; in the QP
contract), and the horizontal axis represents the other, coordinating, contract parameter.
One can immediately notice that the change in contract proposals, from the first to second
half, is similar across all three contracts. Specifically, during the first half of bargaining,
there is considerable dispersion of offers for both parameters. However, during the final
half of bargaining, wholesale prices converge to around 5.00, whereas the second parameter

continues to have considerable variability.
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Figure 5: Sunflower density plots for contract offers. Fach circle represents a single obser-
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Recall that our bargaining protocol not only allowed us to only track contract offers,
but also the feedback with respect these contract offers (i.e. whether a parameter was too
high or low). In Figure @ we display three arrow plots that illustrate the types of feedback
sent for contract offers, one for each of the QP, QC, and OP contracts. The vertical axis
represents the wholesale price (w; for the QP contract) and the horizontal axis represents
the coordinating parameter. For instance, take Figure [6b] which denotes the message types
sent in the QC treatment. The majority of the arrows are vertical, which means that most
of the messages were with regard to the wholesale price being too high (down arrow) or too
low (up arrow). In fact, in both the QC and QP contract, a vast majority of the messages
focused on driving the wholesale price to around 5.00. In the OP contract, this effect is not
quite as strong. However, if one excludes the larger option payments, such as p, < 40, which
often are irrational for the retailer to accept (depending on the wholesale price) then again,
most of the messages are aimed at pushing the wholesale price to somewhere in the middle
of the revenue per unit » = 10 and cost per unit ¢ = 0.

While it appears that participants appear to focus more on the wholesale price than the
coordinating parameter, it is also possible that they attempted to establish the wholesale
price first, and once they agreed on it, they then bargained over the coordinating parameter.
Therefore, in Figure [7, we plot the total number of messages sent, over time and blocked
every 10 seconds, for each contract parameter. Looking at this figure we can make a few
observations. First, in all three contracts, there are less messages for both parameters as
time proceeded. Second, there are consistently more messages about the wholesale price than
the coordinating parameter, even towards the end of the bargaining time, for all contracts.
And third, the difference between the number of messages sent about the wholesale price
and the coordinating parameter is much smaller in the OP contract. Additionally, while
not depicted, we also checked for other indications that subjects were taking a sequential
process to the two contact parameters. For example, we checked the number of changes in
each contract parameter over time, or the percentage change in each contract parameter over
time, and continue to find that subjects bargain and alter both contract terms simultaneously
over time, with more emphasis on the wholesale price.

Thus far, the experimental results and bargaining dynamics show that participants focus
primarily on setting an equitable wholesale price. We will refer to this behavior as “superficial
fairness.” That said, another potential explanation for the bargaining behavioral is that

subjects were concerned about true inequality aversion with respect to their expected profits
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Figure 6: Arrow plots depicting the direction of contract offer feedback. Vertical arrows
represent messages about the wholesale price (w; in the QP contract) and horizontal arrows
represent messages about the coordinating parameter.

(Fehr & Schmidt 1999, Bolton & Ockenfels 2000). To more rigorously test whether superficial
fairness or inequality aversion was the main driver of agreements, we ran a series of logit
regressions with random effects, with “accept” as the dependent variable (i.e. whether an
agreement was made). We ran two regressions for each of the QP, QC, and OP contracts.
The first included independent variables for whether the offer was incentive compatible
(IsIC'), the absolute difference in expected profits between the two players assuming the
correct investment decision will be made (Inequality), how much time was remaining in

the bargaining stage (TimeLeft), and a constant. The second model built on the first by
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Figure 7: Total number of messages sent regarding each specific contract parameter over
time, blocked every 10 seconds.

including one additional independent binary variable representing whether the wholesale
price (w; in the QP contract) was between 5.00 and 6.00 (w € [5,6])[] In this second
model, the coefficient on w € [5, 6] helps us understand the importance of superficial fairness
in overall acceptance rates. Table |3 provides the results from these six regressions.

Starting with the ()P contract in Table , in Model (1), it appears that incentive compat-
ibility actually decreases acceptance rates. More importantly, looking at Model (2), one can
see that the coefficient on w € [5, 6] is positive, large and significant, whereas the coefficient

on Inequality drops and is considerably smaller. This suggests that superficial fairness may

21We find very similar results if we consider w € [5, 6].
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Table 3: Decision to accept a contract offer, given contract terms

QP QC OP

(1) (2) (3) (4) (5) (6)

IsIC -0.519"*  -0.530"* | 0.194 0.0648 0230  0.0902
0.157]  [0.155] [0.144] 0.0152] | [0.253]  [0.251]

Inequality | -0.00431  0.00933* | -0.00759**  -0.00261 | 0.000450  0.00152
0.0041]  [0.0049] | [0.0041]  [0.00406] | [0.00170] [0.00166]

w € [5,6] 0.856** 0.550%** 0.414"
[0.192] [0.160] [0.145]
Time 0.0115"*  0.0117"* | 0.00917**  0.00940*** | 0.0127** 0.0127*
0.00121]  [0.00124] | [0.00123]  [0.00122] | [0.00121] [0.00121]

Constant | -3.515"* -4.254** | -3.333"*  -0.3681*** | -4.333*** -4.447**
0.229]  [0.288] [0.247] 0.258] | [0.318]  [0.320]

# Obs 2,373 2,373 2,460 2,460 2,681 2,681
# Pairs 240 240 240 240 240 240

Note: Logit regression with standard errors clustered at the subject-pair level. Dependent variable is the
contract acceptance decision. IsIC' is a binary variable equaling 1 when an offer was incentive compatible,
Inequality denotes the absolute difference in expected profits between the two parties, w € [5,6] is a binary
variable denoting whether the offered wholesale price was between 5.00 and 6.00, and Time shows the time
in the round.

play a larger part in agreement rates than inequality aversion in the QP contract.

In the QC contract, the effect of superficial fairness is even more pronounced. Specifically,
in Model (3), without including the binary variable for whether the wholesale price is between
5.00 and 6.00, it appears that incentive compatibility and inequality aversion lead to higher
agreement rates in the QC' contract. However, once we include w € [5, 6] into the regression,
the significance on both IsIC' and Inequality drops out, and the coefficient on w € [5, 6] is
positive, large and significant. In the O P contract we see further support for this effect, as the
coefficient on w € [5, 6] is positive and significant in Model (6) (and incentive compatibility
and inequality aversion are not significant in either model). In summary, for the QP, QC,
and OP contracts, superficial fairness appears to be the main driver in overall acceptance
rates.

In Table [3] it is not surprising to see that the time in the bargaining stage affected
acceptance rates (Roth, Murnighan & Schoumaker 1988). To ensure that the four minutes
was a sufficient amount of time for participants to bargain, we conducted informal interviews

during the early treatments. The response of these interviews were quite favorable. That
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said, the timing of agreements agrees with this. The average time it took to come to an
agreement was just over two minutes in the FP negotiation treatment, and around three
minutes in the contract treatments (the longest was the WP contract, which took three
minutes 10 seconds on average). This implies not only that the time to bargain was sufficient,

but that the subjects also took the task seriously.@

5.2.1 The Impact of Superficial Fairness

Thus far, we have shown that agreements between retailers and suppliers are mainly driven
by superficial fairness. Here we show that this behavior can also explain our primary ex-
perimental result: that the OP, and to a lesser extent QQC', contract is most successful at
increasing supplier capacity investment levels.

As shown in Section [3] when both contract parameters are unconstrained, the QP, QC,
and OP contracts are equivalent in terms of incentive compatibility and allowing an equitable
distribution of profits. However, once one of the two parameters are restricted to a particular
value, the performance of these contracts may differ. If we consider superficial fairness, and
assume that the average wholesale price in all three contracts is w = 5.00, then the proportion
the contract space for the second parameter that will lead to incentive compatibility, greatly
differs across the contracts. For example, in the QC' contract, the quantity commitment
parameter, by definition, must be between low demand and high demand (d = 10 < ¢ <
D = 20), where the condition for incentive compatibility is ¢ > %. If w = 5.00, the

requirement for incentive compatibility in the QC contract is then ¢ > 14, which means

20—-14
7 20—-10°

that 60% of the quantity commitment parameter space leads to incentive compatible

outcomes. If we apply this same approach to each of the three contracts with two parameters,

we arrive at:
e QP: If w=5.00, then wy > 7 — 30% of the contract space for w,,

e QC: If w=5.00, then ¢ > 14 — 60% of the contract space for g,

22Furthermore, while we spent roughly 30 minutes in each treatment explaining the experiment, we also
checked for signs in the data indicating that the subjects comprehended the task. In general, we found that (1)
proposers initially made more favorable to themselves, and then compromised over time, (2) suppliers made
more incentive compatible offers than retailers, (3) responders tended to reject, or not accept, unfavorable
offers, and (4) roughly 55-60% of all offers were made by suppliers. All of these results imply that subjects
had a grasp of the experimental task.

27



e OP: If w=5.00, then p, > 10 — 87% of the individual-rationality contract space for

pol

In short, our data suggest that superficial fairness provides the OP contract, and to
a lesser extent the QC' contract, a distinct advantage in arriving at incentive compatible
agreements, which in turn leads to higher investment rates and greater expected supply
chain proﬁts.ﬁ This is a general feature of our setup - in section in the Appendix
we demonstrate that for any set of parameters (that leads to a non-trivial capacity invest-
ment problem) the incentive compatible region for superficially fair contracts will always be

(weakly) largest for the OP contract.

6. Robustness Checks

Thus far we have shown that one plausible explanation for our data is the superficial fairness
hypothesis. In this section, we conduct three additional robustness checks, in out-of-sample
tests, and determine how well the superficial fairness hypothesis performs. In particular, we
conducted five additional treatments, constituting three robustness checks. The first of the
three robustness checks evaluates a new contract, a service-level agreement. The second,
reruns the original OP contract, but provides subjects with decision support showing their
expected profits both with and without investment for each offer made/received. And the
third, involves three new treatments where we alter the original experimental parameters.
For all three of these robustness checks we generate formal hypotheses using superficial

fairness, and test them using the data.

6.1 Robustness Check 1: Service-Level Agreement

In our original experiment we assumed that the supplier’s investment decision is observable
and therefore the retailer could force the supplier to forfeit the option fee whenever he did not
invest (not depending on the demand realization). This may give the OP contract a distinct
advantage over the other contracts, as it provides a very direct incentive for the supplier

to invest. However, as Cachon & Lariviere (2001) point out, capacity investments are not

23 Any p, > 75 actually generates negative expected profit for the retailer, despite being incentive compat-
ible for supplier investment. Therefore, the 87% we report excludes any p, > 75, and is a more conservative
metric.

24 Additionally, note that the size of the IC region conditional on w = 5 is more informative in distinguishing
between contracts than the size of the overall IC region discussed in Footnote |T_5l
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always easy to observe. Therefore, we conducted an additional experimental treatment of
the OP contract where the investment is not directly observable. In this treatment, if
the supplier chooses not to invest, and demand is low, then they will still earn the option
payment. Conversely, if demand is high, then the supplier will forfeit the option payment.
This version of the option contract acts much like a service-level (SL) agreement, where the
retailer will reward the supplier whenever the supplier can satisfy demand.

We ran this new treatment with an additional 36 participants, using the same experimen-
tal parameters as before. If superficial fairness is present in the SL agreement, then w ~ 5,
implying that p, > 20 — 73% of the individually rational contract space for p, is incentive

compatible.

Hypothesis 1 If superficial fairness is present in the SL agreement, then the predicted or-
dering of incentive compatible agreements (and investment rates) is OP>SL>QC> QP> WP.

Figure [§ depicts the average fraction of incentive compatible agreements, and invest-
ment rates, for the original contract treatments, plus the SL agreement. As one can see,
the SL agreement’s fraction of incentive compatible agreements, and investment rates, are
below that of the OP contract, but above all other contracts. This is directly in line with
superficial fairness and Hypothesis 1. Additionally, the average wholesale price in the SL
treatment was 5.09, in line with superficial fairness. Finally, we note that, as with the origi-
nal OP contract, we find excess investment under non-incentive-compatible S L agreements.
Specifically, subjects invest 71% of the time when contracts are incentive compatible, and
65% of the time when contracts are not IC. Because of the relatively higher frequency of
non-IC contacts, these excess investments are now almost a quarter of the overall investment

decisions under the SL agreement.

6.2 Robustness Check 2: Decision Support

Our earlier results suggested that superficial fairness tends to be a more significant driver of
agreements than true fairness (in terms of expected profits). However, this is not entirely
surprising as our original treatments did not provide participants with the ability to see
what their potential expected profits were for each offer made or received. Therefore, in our
second robustness check, we reran the OP treatment, but whenever a participant made an
offer, we showed them their expected profits both with and without investment. Similarly,

when they received an offer, we showed them this same information. If superficial fairness
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Figure 8: Average fraction of incentive compatible agreements and investment rates for the
original experimental treatments, plus the SL agreement.

is the main driver of incentive compatibility rates and investment rates, we should not see
significant differences in decisions and outcomes in the original OP treatment, compared to

those in the new OP treatment with expected profit decision support:

Hypothesis 2 If superficial fairness is present, then even with additional decision support in
the OP contract, w = 5, and the fraction of incentive compatible agreements (and investment

rates) should be the same as in the original OP treatment.

Table [4] provides the agreed contract parameters, fraction of IC agreements, and invest-
ment rates, for the original OP contract and the new OP contract with expected profit
decision support. As one can see, the results are strikingly similar between the two treat-
ments. For instance, the fraction of incentive compatible agreements was 91% in the original
OP contract, and 92% with decision support. Additionally, we continue to see superficial
fairness in the wholesale price, which was around 5.19 in the OP treatment with decision

support.

6.3 Robustness Check 3: Alternative Parameters

Our third robustness check investigated three of the best performing contracts, QC, OP,
and SL, under alternative experimental parameters. Our goal in these treatments was to
keep the main structure of our experiment intact, but use parameters that led to a different

prediction in the performance of the contracts.
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Table 4: Results from the original OP treatment, and OP treatment with expected profit
decision support.

Original Decision Support
OP OP
w 5.19 5.26
pe| 276 25.6
IC rate |  92% 91%
Investment rate 7% 87%

In these new treatments, we changed the probability of high demand to p = }L, and

the retailer revenue to r = 20. If the superficial fairness hypothesis holds, then we should
see w ~ 10, and a different ordering of fraction of incentive agreements (and investment
rates) compared to the original treatments. Specifically, we should now see that the QC

outperforms the SL agreement ] The details are given below:

e QC: If w=10.00, then ¢ > 11.3 — 86.7% of the contract space (originally 60%)
e OP: If w=10.00, then p, > 10 — 90% of the IR contract space (originally 87%)
e SL: If w=10.00, then p, > 40 — 68% of the IR contract space (originally 73%)

We can use these predictions to develop our third and final hypothesis:

Hypothesis 3 Under the new experimental parameters, if superficial fairness is present,
then the order of fraction of incentive compatible agreements (and investment rate) should

be OP > QC > SL.

The average wholesale prices in the QC, OP, and SL treatments were 10.19, 9.90, and
9.70, all close to the prediction of 10. Figure [9illustrates the fraction of incentive compatible
agreements, and investment rates, for the QC', OP, and SL treatments with the new exper-
imental parameters. Turning first to the black columns, the fraction of incentive compatible
agreements, we see the same ordering as predicted by superficial fairness, OP > QC' > SL.

Focusing on the investment rates in Figure [9] however, we see that this ordering is not as
expected. In particular, in the SL agreement, subjects tended to invest 66.67% of the time,
despite the fraction of incentive compatible agreements being only 38.89%% Specifically,

25Steve - note here about how we couldn’t get OP to be worse than anything else?
26We can multiple sessions of all of these treatments, and the same overinvestment result, in the SL
treatment, is observed in all session.
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Figure 9: Average fraction of incentive compatible agreements and investment rates for the
alternative experimental parameters.

subjects invest 90% of the time for IC SL agreement, and 52% of the time for non-IC SL
agreements. Excess investments under SL agreement are therefore approximately half of
all the capacity investments. We do not find a corresponding excess investment for OP
contracts: subjects invest 72% of the time for incentive compatible contracts, but only 5% of
the time for non-IC contracts. This suggests that superficial fairness, is useful in predicting
which contracts will have the highest or lowest incentive compatible agreements, but it

cannot fully account for investment rate decisions.

6.4 Analyzing Excess Investments

We now try to further understand the excess capacity investments we see under the OP
contract and SL agreement. First, we examine whether there is individual heterogeneity in
the excess investment. Heterogeneity seems to be the case for the treatments in the original
experimental treatments: 70% of subjects in the OP contract and 65% of subjects in the
SL agreement who had at least one non-IC contract, invested under such a contract at least
once. However, this heterogeneity breaks down under the alternate parameters: only 7%
of subjects make excess investments under OP, while 97% of subjects do so for the SL
agreement. Therefore individual differences are at best a partial explanation.

We next examine whether there were any time trends in the rate of excess investments.
If excess investments were driven by mistakes, or from subjects not understanding the task,

we would expect that excess investments would decrease over time as subjects learn to make
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Table 5: Investment decisions for OP and SL treatments given contract terms.

r=10 r =20
oP SL oP SL
(1) (2) (3) (4) (5) (6) (7) (8)
IC Val | 0.124%%* 0.123*** 0.175%** 0.167***
[0.0313] [0.0391] [0.0205] [0.0327]
w 0.581°** 0.204 0.407%** 0.306%**
[0.270) [0.214] [0.140) [0.0879]
Po 0.126*** 0.0968*** 0.174%** 0.0658***
[0.0336] [0.0261] [0.0206] [0.0126]
Constant | 0.890***  _3.318%* | 0.753** -2.256 -1.340%*F  _7158%F* | 1.215%K*  _4 297Kk
[0.328] [1.436) [0.300] [1.411] [0.256] [1.599] [0.220] [1.047]
# Obs 213 213 169 169 300 300 252 252
# Subjs 48 48 36 36 32 32 30 30

Note: Logit regression with subject random effects. Dependent variable is the investment decision.
IC Val denotes the net value of the incentive compatibility constraint, with positive values
indicating incentive compatibility; w and p, are the wholesale price and option fee.

better decisions. However, we find no significant time trend for either contract under the
original parameters (non-parametric test for trends: OP p = 0.35; SL p = 0.13), or for OP
under the alternate parameters (p = 0.28). Indeed, we do find a significant increase in the
rate of excess investment over time for the SL agreement under the alternate parameters
(p = 0.01) - the excess investment rate is 45% in the first five periods, increasing to 61% in
the last five periods. Hence excess investment seems to represent a systematic bias, rather
than a transitory mistake.

Finally, we examine how investment decisions respond to the strength of financial incen-
tives in the contract. Table [5|reports the results of regressing a subject’s investment decision
on the overall financial incentives given the contract (odd columns), or the wholesale price
and option fee separately (even columns). As expected, subjects are more likely to invest
when the financial incentives to do so increase. While the coefficient on IC Val is largest for
the OP contract with » = 20, where we see the least excess investment, all of the coefficients
on IC Val are similar for all contracts and parameters. However, where we do see a difference
is in how subjects respond separately to the wholesale price and the option fee. Recall the
structure of the original problem: for the OP contract with » = 10, each dollar in wholesale
price provides the same incentives to the supplier as 5 dollars in option fee. Similarly, with
the OP contract and » = 20, each dollar of wholesale price provides the same incentives
as 2.5 dollars of option fee, and for SLA (for both r = 10 and r = 20) each dollar of

wholesale price is equivalent to 10 dollars of option fee. If subjects were correctly evaluating
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the financial incentives of the contract, and basing their investment decisions on the overall
financial incentives, then the ratio of the estimated coefficients f,,/f,, should match each
terms relative contribution to the overall incentives. We find that this is the case for the OP
contracts, but that subjects with SL agreements are substantially overvaluing the incentives
provided by the option fee (r = 10: 3,/8,, = 2.11; r = 20: S,/5,, = 4.65). Hence, for
non-1C SL agreements with relatively high option fees, subjects are acting as if the contracts
provide more incentives than they actually do. This is consistent with our observation that
we find more excess investment under the SL agreement than the OP contract. One possible
explanation is to note that the option fee, unlike the wholesale price (or any of the other
coordinating terms), is paid to the supplier at the time of contracting, and the fee is forfeited
if the supplier does not invest. Hence the option fee may invoke loss aversion in a way that
the other contract terms do not. However, this mechanism should apply to both OFP and

SL agreement, whereas we only see overweighting of the option fee for SL agreements.

7. Conclusion

We experimentally compare three contracts (quantity premium, quantity commitment and an
option contract) that, in theory, should each be able to solve a common capacity investment
problem, by generating investment incentives while equalizing the expected profits of the
retailer and supplier. We find that the option contract significantly outperforms the other
contracts, with the quantity premium contract providing no significant improvement over the
base case. We also find that while suppliers invest when doing so is incentive compatible,
there is a substantial difference, across contracts, in the frequency of incentive compatible
agreements.

The experimental design that we implement allows us to track and observe the bargaining
dynamics over time. Through this bargaining protocol, we observe that subjects, rather than
focusing on incentive compatibility or the true expected payoff differences, appear to have
preferences for “superficial fairness.” That is, subjects were heavily focused on ensuring
that the wholesale price was near the middle of the contracting space, while paying little
attention to the coordinating term. The option contract performs best in large part because
it is the most robust to this kind of superficial fairness, having the largest range of incentive
compatible coordinating terms, given a superficially fair wholesale price. We continue to see

that superficial fairness is present in a number of out-of-sample tests. Specifically, in settings
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with other contract structures, additional decision support, and alternative parameters.This
focus on bargaining over one salient term is not uncommon in the bargaining literature -
often due to negotiators using sequential agendas that make joint gains hard to find (Mannix,
Thompson & Bazerman 1989), or by focusing on distributing value rather than finding
integrative solutions - the “mythical fixed pie” (Bazerman & Neale 1994). Similarly, Lovejoy
(2010) finds that it is quite common for supply chains managers to fix the order quantity
first, and then bargain on price. A second benefit of option-like contracts (include service
level agreements) is that in many cases these kinds of contracts lead to capacity investment
even when the financial terms of the contract do not provide sufficient incentives. Hence
these contracts can “outperform” their terms. We do not see this kind of excess investment
for the quantity premium and quantity commitment contracts.

There are several opportunities for future research in this area. One would be to extend
the work here, but in a repeated setting. As mentioned previously, repeated interaction
is a common solution to capacity investment problems, and would be an opportunity for
future research. Additionally, studies exploring alternative bargaining protocols could be
promising, such as comparing one-shot take-it-or-leave-it offers to structured communication
to free-form communication. Finally, additional research could further explore the excess
investment behavior we observed with option-like contracts.

One limitation of our study is the limited time subjects had to bargain. While it is
reasonable to expect that most supply chain negotiations would likely involve a greater
length of time, and some additional level of calculations for each offer, there is undoubtedly
a large amount of heterogeneity in how negotiations occur. For many negotiations important
contractual details are negotiated in person during a single meeting, which would limit
the ability to do detailed calculations of all the impacts of a contract. Additionally, our
contractual setting was extremely simple - most supply chain contracts would be significantly
more complicated and would be negotiated in the context of greater amounts of uncertainty
and ambiguity. This increased complexity may limit the ability of negotiators to explicitly
calculate expected payoffs even with ample time.

From a managerial standpoint, our results suggest that an option contract should be
considered for increasing first best investment levels, and expected supply chain profits.
Interestingly, the option contract that we investigate eliminates many supplier concerns
about uncertainty, outlined in examples from Cachon & Lariviere (2001), by providing the

supplier with a fixed fee if the supplier chooses to invest, versus relying solely on uncertain
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outcomes. The main feature of the option contract, the fixed payment, is observed in bio-
pharmaceutical manufacturing (Plambeck & Taylor 2007); a setting in which, due to long
lead times and large investments involved for increasing capacity, a buyer will make a transfer
payment to the supplier to help subsidize the cost of building capacity. Our experimental
results, combined with this empirical evidence, indicates that the option contract explored
in this study is effective in increasing supplier capacity investment levels, thus generating

higher expected supply chain profits.
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A. Appendix

A.1 Analysis of Contractual Incentives

We describe below the basis for the set of incentive compatible and profit equalizing contracts

for QP, QC and OP.

A.1.1 Quantity Premium Contract

Given that the supplier invests, the retailer’s expected profit is 72" = (r —wy)d + (r — wq)péd,
while the supplier’s expected profit is 7" = wi1d + wepd — K. Therefore, to equalize their
expected profits the following must hold:

(r —2wy)d+rpd + K
2pd

Wy =

Additionally, we need wy > % = wq for incentive compatibility, as well as r > wy. We

therefore need the following two conditions on wy:

° Tzwg,ifuqz%,and
. w22w2,ifw1§%
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Therefore a QP contract is incentive compatible and equalizes expected profits between
the two parties when the following two conditions are satisfied:

0y — (r—2w1)d+7“p(5—|—K7r(d—p5)+K <w < r(d+pd) — K '
20 2d 2d

A.1.2 Quantity Commitment Contract

Given that the supplier invests, the retailer’s expected profit is 79¢ = (1 — p)(rd — wq) +
p(r —w)D, while the supplier’s expected profit is 7¢° = w(q + p(D — q)) — K. Therefore, to
equalize their expected profits the following must hold:

(r—2w)pD+r(l—-p)d+ K
2w(1 - p) '

q:

w(d—pD)+K
w(1-p)

d. We therefore need the following three conditions on w:

Additionally, we need g > = q for incentive compatibility, as well as D > ¢ >

: d+pd)+K
oqu,lwa%,

— 2d Y and?

qud,ifwg%.

Therefore a QC' contract is incentive compatible and equalizes expected profits between

the two parties when the following two conditions are satisfied:

_(r=2w)pD +r(1-p)d+ K
o 2w(1 - p) ’

r(d+pd) + K
2D

Swgmmyw+m%J(MMW®+K}}

2d " 2(d+ pd)

A.1.3 Option Contract

Given that the supplier invests, the retailer’s expected profit is 7" = (r — w)(d + pd) — p,,
while the supplier’s expected profit is 7" = w(d + pd) + p, — K. Therefore, to equalize their
expected profits the following must hold:

(r —2w)(d+pd)+ K
5 :

Po =

Additionally, we need p, > (K —wpd) = p, for incentive compatibility, as well as p, > 0.

We therefore need the following conditions on w:
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r(d+pd)—K

55— and,

® D, > P, if w<

: r(d+pd)+K
.pOZO,lfwéw.

Therefore, an O P contract is incentive compatible and equalizes expected profits between

the two parties when the following two conditions are satisfied:

,wgmin{

2

_(r—2w)(d+pd) + K
Po = 2d ' 2(d+ po)

r(d+pd) — K r(d+p§)+K} }

A.2 Renegotiation-Proofness of Contracts

While not a primary focus of our research, in evaluating the efficacy of contracts as a solu-
tion to the problem of ex ante investment the literature has often considered whether the
contracts can survive potential renegotiation ex post (see Noldeke & Schmidt (1995) for an
experimental analysis). We briefly discuss here the potential robustness to renegotiation
of the contracts we consider. Note that this is a theoretical analysis, as our experiment
did not allow for the possibility of renegotiation. In our setting there is no scope for a
Pareto-improving offer of renegotiation. Instead, the retailer can only threaten to order an
inefficient quantity. As Lyon & Rasmusen (2004) demonstrate, when renegotiations involve
threats to take inefficient actions, the form of the renegotiation process can significantly
affect the scope for renegotiation and therefore the restrictiveness of requiring contracts to
be renegotiation-proof. We consider here a simple and plausible renegotiation game. Since
we are concerned with potential threats to the supplier’s incentive to invest, we will focus
on the retailer attempting to renegotiate and capture more of the surplus.

After the retailer and supplier agree to a contract and demand is realized, the retailer
can attempt to renegotiate the terms of the contract and increase his profit. Specifically, we
assume that the retailer can credibly threaten to purchase less than the optimal quantity
- down to a minimum of zero units (or the minimum quantity in the case of the Quantity
Commitment contract). The retailer can further offer to order to correct amount if the
supplier agrees to changing the terms of the contract in the retailer’s favor (e.g. by lowering
the wholesale price). We assume that this is a “take it or leave it” offer in order to maximize
the retailer’s ability to renegotiate (and hence make renegotiation-proofness a potentially
substantial restriction). Under the Wholesale Price and Quantity Premium contracts, the

retailer’s threat would give the supplier zero profit from the trade, and therefore (based on
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the usual results for ultimatum bargaining with standard preferences) the supplier would be
willing to accept any renegotiation offer that gives him at least zero transaction profit (e.g.
setting the wholesale price to zero). Note that the investment cost is sunk, and so does not
affect the renegotiation. It is clear how the prospect of future renegotiation undermines the
suppliers willingness to invest in capacity. If he knows that ex post his revenue from trading
will be driven to zero, then the supplier will prefer not to invest.

The Quantity Commitment, Option and Service Level contracts each change the rene-
gotiation dynamic by ensuring the supplier a minimum profit from the transaction that
cannot be eliminated by the retailer’s threats. In the case of the Quantity Commitment
contract, the contract ensures a minimum order and therefore restricts the scope of the re-
tailer’s threat. For the Option and Service Level contracts the option fee p, is paid to the
supplier independent of how many units are purchased, and hence the value of the option
fee cannot be reduced by the retailers threat. Hence if the minimum quantity or option fee
is set sufficiently high investment will be incentive compatible even if renegotiation were to

occur. We detail below conditions for each of these contracts to be renegotiation-proof.

A.2.1 Quantity Commitment

The minimum order ¢ is contractually enforceable, as long as the supplier has sufficient
capacity to deliver the required units (i.e. as long as he invests). Therefore, if the supplier
invests the retailer can at worst threaten to only order ¢ units. If the supplier cannot supply
the required units, the minimum quantity commitment is voided and the retailer is free
to threaten to order zero unitﬂ Hence, for an initial contract (w,q) under any demand
realization the retailer’s renegotiation will yield the supplier a profit of wg — K if he has

invested, and 0 if he has not. The supplier’s incentive compatibility condition is therefore:

K
qz—
w

Note that for our experimental parameters, if w = 5 the requirement is that ¢ > 7 - hence

any ¢ is sufficient.

A.2.2 Option

If the supplier invests, under the contract he will receive p, from the initial option fee. The

retailer will then threaten to order zero units, and will therefore renegotiate away any of

27Similar arguments can show that the QC contract can be written to be renegotiation-proof under the
alternate assumption that a failure to invest in capacity only releases the retailer to order down to d units.
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the retailer’s profit from the sale of the units. If the supplier does not invest he forfeits the
option fee p,, and the retailer still renegotiates away any transaction profits. Hence, for an
initial contract (w,p,) under any demand realization the retailer’s renegotiation will yield
the supplier a profit of p, — K if he has invested, and 0 if he has not. The supplier’s incentive
compatibility condition is therefore:

Do > K

Note that for our experimental parameters, the retailer’s individual rationality contraints

are p, < 150 (for the base parameters) and p, < 250 (for the alternative parameters)

A.2.3 Service Level Agreements

Service Level contracts operate under renegotiation similarly to option contracts - with the
exception that the supplier retains the initial fee p, even if he does not invest if demand
is low. Therefore, for an initial contract (w,p,) the retailer’s renegotiation will yield the
supplier an expected profit of p, — K if he has invested, and (1 — p)p, if he has not. The

supplier’s incentive compatibility condition is therefore:

po > K/p

The individual rationality requirements are the same as for the OPT contract.

We can summarize our results as follows:

Proposition 1 There exists incentive compatible and renegotiation-proof OP, SLA and QC

contracts.

A.2.4 Observed Contracts

We did not allow for renegotiation in our experiment - and the prospect of renegotiation
would likely have changed the contractual terms. However, we note that we observe contracts
that would have been renegotiation-proof (under the mechanism we consider) in all three
contracting settings. For Quantity Commitment 91% of contracts in the main treatment
(99% of contracts under the alternate parameters) would satisfy the renegotiation proof-
ness criterion. Similarly, 20% (23%) of Option contracts, and 2% (2%) of Service Level
Agreements. Hence we might anticipate that possibility of renegotiation would to much

larger changes in the observed contracts for OP and SLA than for QC' contracts.
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A.3 1IC Region for Superficially Fair Contracts

We now consider the size of the Incentive Compatible regions within our model for OP,
SLA and QC contracts that are superficially fair (i.e. where w = r/2). We maintain the
underlying structure of the model (e.g. bi-valued demand, binary investment decision, etc.),
but consider variations in the parameters of the model (d, D,r,p, K). For the investment
problem to be non-trivial, we maintain throughout that K < rpd < 2K (so for example a
superficially fair wholesale price contract will not be incentive compatible on its own). We
begin by reformulating the IC and IR constraints to separate out the common factors across
contracts, given that w = r/2.

For the OP contract, the IC constraint is p, > K — pwd, or 2p, > 2K — rpd. Define
O = 2K — rpd, which represents the additional incentives that the secondary term in the
contract must provide, given the incentives that the wholesale price is already generating.
Note that 0 < © < K. The IC constraint is therefore p, > ©/2. The retailer’s expected

profit given the contract (and investment) is
(1 =p)(r —w)d + p(r —w)D = p, = (r/2)(d + pd) = p,

Define I' = (r/2)(d + pd), which denotes the retailer’s remaining surplus given the wholesale
price. Note that I' > ©. The IR constraint is therefore p, < I'. The size of the incentive
compatible region for the OP contract is therefore 1 — ©/2T". Finally, since I' > O, the size
of the IC region is at least 50%.

For the SLA contract, by similar logic the IC constraint is p, > ©/2p and the IR
constraint is p, < I'. Therefore the size of the IC region is 1 — ©/2pI’, which is strictly
smaller than the OP region.

For the QC contract, we can rewrite the IC constraint as pwd + (1 — p)w(q — d) > K or
(1 —p)r(¢ —d) > O. Finally, we can write the IC constraint as (¢ —d) > O/r(1 — p). Note
that 0 < (¢ — d) < 6. For the IR constraint we can write the retailer’s expected profit as

(1=p)(r—w)d+p(r —w)D — (1 =p)w(g—d) =T — (1 = p)w(q — d)

The IR constraint is therefore (¢—d) < 2I'/r(1—p). Note that there are two cases. In Case 1,
this limit is larger than §, hence the IR constraint will not bind. In Case 2, 2I"/r(1 —p) < 4,
which occurs if d < (1 —2p)d. In Case 1 the size of the IC region of the QC contract is
1—-0/réo(1 —p), while in Case 2 it is 1 — ©/2T".
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Is it possible for the IC region for the QC' contract to be larger than the OP contract?
We take the two cases in turn. For Case 1, we want to see if 1 — O/ré(1 —p) > 1 — 0/2I.
This would occur if 2I" < rd(1 — p), or d < (1 — 2p)d - however this violates the assumption
that we are in Case 1. Therefore, for Case 1 OP always has a larger IC region than QC.
For Case 2, both contracts have the same size region: 1 — ©/2I". Therefore, the size of the
IC region for the OP is always at least weakly larger than the size of the IC region for the
QC contract.

For the QP contract, we know that we at least need wy > /2 (since we have assumed
that the problem is not trivially solved by a superficially fair wholesale price contract).
Since wq € [0,7] is the individually rational region, the IC region is no larger than 50% of
the contracting space. Therefore, the OP contract always has a strictly larger IC region
than the QP contract.

We can summarize our results as follows:

Proposition 2 For superficially fair contracts (w = r/2), the OP contract has an incentive
compatible region that is strictly larger than the region for QP and SLA contracts, and is

weakly larger than the region for QC contracts.

A.4 Example Bargaining Screen
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Round 1 of 10

Your role this round:  Supplier

Time remaining this round: 163

Propose a wholesale price:

Propose a quantity commitment:

Make New Offer

Offers You Received

Offers You Made
Proposer Wholesale Quantity Price Info Quantity Info Proposer Wholesale Quantity Price Info Quantity Info
Price Price
Supplier 8.50 14 Price too high Waiting Retailer 7.50 14 Price too low Waiting
Retailer 8.00 14 Waiting Quantity too low
Retailer 8.00 15 Waiting Waiting

Quantity Too IigllI |Q|a|||ﬁly Too LowI | Price Too IighI | Price Too LuwI ‘ An;ua:ll

Figure 10: Software screenshot from the QQC' treatment.
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