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We propose a theory of inefficient renegotiation that is based on loss aversion. When two parties
write a long-term contract that has to be renegotiated after the realization of the state of the world, they
take the initial contract as a reference point to which they compare gains and losses of the renegotiated
transaction. We show that loss aversion makes the renegotiated outcome sticky and materially inefficient.
The theory has important implications for the optimal design of long-term contracts. First, it explains
why parties often abstain from writing a beneficial long-term contract or why some contracts specify
transactions that are never ex post efficient. Secondly, it shows under what conditions parties should rely
on the allocation of ownership rights to protect relationship-specific investments rather than writing a
specific performance contract. Thirdly, it shows that employment contracts can be strictly optimal even if
parties are free to renegotiate.
Key words: Renegotiation, Incomplete contracts, Reference points, Employment contracts, Behavioural
contract theory
JEL Codes: C78; D03; D86

1. INTRODUCTION
Renegotiation plays a crucial role in the theory of incomplete contracts. This theory, going back
to Grossman and Hart (1986) and Hart and Moore (1990), starts out from the observation that
long-term contracts have to be written before the contracting parties know the realization of the
state of the world that is relevant for the specifics of their trading relationship. Writing a complete,
state-contingent contract is often impossible, so the parties have to rely on renegotiation to adapt
the contract to the realization of the state of the world. The standard paradigm assumes that
renegotiation is always efficient. Once the parties observe the state of the world they will engage
in Coasian bargaining and reach an efficient agreement on how to adapt the contract.
More recently, Hart and Moore (2008) and Hart (2009) have put this approach into question.
They argue that the traditional approach is ill-suited to study the internal organization of firms.
If renegotiation is always efficient “it is hard to see why authority, hierarchy, delegation, or
indeed anything apart from asset ownership matters” (Hart and Moore, 2008, p. 3). Coase (1937)
and Williamson (1985) argued long ago that the organization of transactions within firms and
by markets can be understood only if we understand the inefficiencies of adapting contracts to
changes of their environment, i.e. the inefficiencies of renegotiation.
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In this article, we propose a new theory of inefficient renegotiation that is based on loss aversion, a fundamental concept in behavioural economics and psychology (Kahneman and Tversky,
1979; Tversky and Kahneman, 1991). There is ample experimental and field evidence showing
that people evaluate outcomes not (only) in absolute terms but (also) relative to a reference point,
and that losses (in comparison to this reference point) loom larger than gains of equal size. Already
Tversky and Kahneman (1991, p. 1057) conjectured that “contracts define the reference levels
for […] bargaining; in the bargaining context the aversion to losses takes the form of an aversion
to concessions”. Following this idea, we assume that the contract to which the parties agreed
ex ante defines the reference point in the renegotiation game.
The initial contract determines the parties’ payoffs when renegotiation breaks down. Suppose
a buyer and a seller agreed ex ante to trade some specification x̄ of a good at price p̄. After the
realization of the state of the world they realize that it would be efficient to adjust the specification
of the good. However, the buyer feels a loss if the renegotiated price p is greater than the initially
agreed payment p̄. Similarly, the seller feels a loss if her cost to produce the new specification x is
larger than her cost to produce the initially agreed specification x̄. These losses loom larger than
equally sized gains of consuming a better quality for the buyer and receiving a larger payment
for the seller. A crucial feature of our model is that monetary losses due to a difference between
the renegotiated price p and the price p̄ are evaluated separately from losses due to a lower
valuation or a higher cost of x as compared to x̄. This decomposability assumption is common in
the literature on reference points (Tversky and Kahneman, 1991; Kőszegi and Rabin, 2006).
First, we show that the conjecture of Tversky and Kahneman is correct. Due to decomposability
loss aversion drives a wedge between the benefit of the buyer and the cost of the seller. This renders
the renegotiation outcome materially inefficient, i.e. it does not maximize the material surplus (net
of loss aversion) of the two parties. Furthermore, the kink in the utility function at the reference
point may prevent renegotiation altogether. We show that if the realization of the state of the
world is not too far from the “expected” state of the world on which the initial contract (x̄, p̄) was
based, then the parties will not renegotiate and leave the initial contract in place. If the realized
state of the world is sufficiently far away from the expected state, the parties will renegotiate. The
terms of trade, however, are insufficiently adjusted. Thus, loss aversion makes the renegotiation
outcome sticky and materially inefficient.1
The friction due to loss aversion is quite different from other bargaining frictions, such
as asymmetric information, the risk of bargaining breakdown, or other transaction costs. The
difference is that loss aversion arises because of the initial contract. The initial contract sets
the reference point that causes the feelings of losses if the contract is renegotiated. In contrast,
if the parties are asymmetrically informed about the realization of the state of the world, this
information asymmetry will be there no matter whether there is an ex ante contract or not. If
anything, the initial contract can be used to mitigate the informational problem by setting up a
sophisticated mechanism that induces the parties to reveal their private information truthfully.
Thus, with asymmetric information the initial contract can only reduce the cost of contracting,
but it can never be harmful, while with loss aversion there is a cost of writing the initial contract
that arises endogenously.
Our theory of renegotiation has several interesting and important implications for contract
theory. If the parties understand that a contract sets a reference point that triggers potentially
unfavourable comparisons and that gives rise to disutility from loss aversion and to materially
1. This effect is reminiscent of the assumption of “sticky prices” in macroeconomics. While the macroeconomic
literature attributes price stickiness to exogenously given menu costs, sticky prices can arise endogenously in our
model. That “sticky prices” can be explained by loss aversion is also shown for models with price setting firms by
Heidhues and Kőszegi (2005, 2008).
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inefficient renegotiation outcomes, then they have an incentive to design contracts so as to
minimize these frictions. A first implication of our model is that it may be optimal not to write a
long-term contract ex ante but to rely on spot contracting ex post. If the parties write a long-term
contract, this contract sets the reference point and it is costly to renegotiate away from it. If the
parties do not write a long-term contract but negotiate the terms of trade after the realization
of the state of the world, the parties may also have a reference point which we take to be their
outside options.2 The more competitive the spot market is, the closer are the outside options of
the two trading parties to what they can achieve by trading with each other, and thus the lower are
the potential losses. Hence, spot contracting outperforms a long-term contract if the spot market
is highly competitive, while writing a long-term contract is likely to be optimal if there is little
competition ex post. Furthermore, if the parties do write a long-term contract, it can be optimal to
contract on a specification of the good that is never materially efficient ex post, but that minimizes
the cost to renegotiate away from it.
Secondly, the theory offers a fresh view on the hold-up problem and the property rights theory.
It shows under what circumstances the parties should rely on the allocation of asset ownership
to protect their relationship-specific investments, and when they should rather write a longterm specific performance contract. Loss aversion makes price adjustments sticky and thereby
protects relationship-specific investments. However, feelings of losses reduce the social surplus.
We show that a long-term specific performance contract outperforms the allocation of ownership
rights to protect relationship-specific investments if there is little uncertainty, if the degree of
asset specificity is high, and if the party that has to make a relationship-specific investment is in
a weak bargaining position.
Thirdly, our theory offers a rationale for the existence of “employment” contracts. According
to Coase (1937) and Simon (1951) a key feature of an employment contract is that it fixes the
price (the wage) and gives the buyer (the employer) authority to order the seller (the employee)
which specification of the good (the service) to deliver. According to Simon (1951), the advantage
of the employment contract is that it is flexible, whereas the disadvantage is that the employer
may use the flexibility to abuse the employee. To protect the employee the parties could write
a specific performance contract, but this contract is rigid. Which type of contract is optimal
depends on whether the expected cost of rigidity or of abuse is more important. However,
there are two well-known problems with Simon’s argument. First, it ignores the possibility of
renegotiation. If costless renegotiation is possible the parties will always reach the efficient
outcome and the difference between the two contracts disappears. Secondly, Simon ignores the
fact that an employment contract is an “at-will” contract: the employee can leave if he feels
abused. We deal with both of these issues. If parties are loss neutral, both contracts achieve the
first best. If parties are loss averse, however, then one of the contracts strictly outperforms the
other. We show that the more loss averse the employee the more reluctant he is to quit if there
is abuse. Thus, loss aversion increases the “power” of the employer to exploit the employee.
We show that the employment contract is strictly optimal if the degree of loss aversion is small.
In this case, the employee is willing to quit if he is exploited, therefore there is no exploitation
in equilibrium and the employment contract allows for an efficient adaptation to the realization
of the state of the world. For very high degrees of loss aversion (that preclude renegotiation),
the employee will never quit, therefore an employment contract strictly outperforms a specific
performance contract if the scope for inefficient abuse is small as compared with the cost of
rigidity. Finally, for intermediate degrees of loss aversion the employment contract outperforms
the specific performance contract if it makes renegotiation less costly.
2. Note that this is analogous to the case of contract renegotiation: if renegotiation fails the initial contract is
executed, so the reference point is given by the outside options of the renegotiation game.
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There is some recent experimental evidence that is consistent with our theory.
Bartling and Schmidt (2014) conduct a laboratory experiment on (re)negotiation. They compare
a situation in which a buyer and a seller renegotiate an initial contract to a situation in which
they negotiate in the absence of an initial contract. In all other respects, the two situations are
completely identical. They find that with an initial contract prices are sticky and react much less
to the realization of the state of the world as in the situation without an initial contract. This is
exactly what our theory predicts for this experiment. Moreover, the experiment shows that the
existence of the initial contract is causal for the stickiness of prices because the material and
strategic situation is exactly the same in both treatments.
Our article is closely related and complementary to Hart and Moore (2008) who were the first
to point out that contracts may serve as reference points. They assume that a contract determines
parties’ feelings of entitlement if the contract was written under competitive conditions. The
parties do not feel entitled to outcomes that are outside the contract, but each party feels entitled
to the best possible outcome that is consistent with the contract. Thus, when interpreting the
contract parties have mutually inconsistent expectations with a self-serving bias. When a party
does not get what he or she feels entitled to, he or she feels aggrieved and shades in non-contractible
ways. Shading reduces the payoff of the other party, but is costless for the shader, i.e. it is a form
of costless punishment. Hart and Moore (2008) compare a rigid contract to a flexible contract.
The benefit of flexibility is that the contract can be better adjusted to the realization of the state of
the world, but the cost is that it leads to aggrievement and shading. This tradeoff gives rise to an
optimal degree of flexibility. Hart (2009), Hart and Holmström (2010), and Hart (2013) use this
approach to develop theories of asset ownership and firm boundaries. Contract renegotiation—
which is at the heart of our article—is beyond the scope of the aforementioned papers. The
Hart–Moore approach is extended to allow for renegotiation by Halonen-Akatwijuka and Hart
(2013), who show that it may be optimal to leave a contract deliberately incomplete.3 There
are several important differences between the Hart–Moore approach and our approach. First,
in Hart and Moore the ex post inefficiency is due to self-serving biases and aggrievement,
whereas our approach is based on loss aversion, a well-established and widely documented
behavioural phenomenon. Secondly, Hart and Moore require a second stage of “shading” at
which parties can punish each other free of cost. This is not necessary for our approach. Finally,
in Halonen-Akatwijuka and Hart (2013) there is no material inefficiency in renegotiation (the
only inefficiency is “shading”), whereas our model generates materially inefficient renegotiation
outcomes (in addition to the feelings of losses).
The rest of the article is organized as follows. The next section sets up the model. In Section 3,
we take the initial contract as given and characterize the renegotiation outcome after the state of
the world has materialized. In Section 4, we look at the implications for ex ante contracts. First,
we show that it can be optimal not to write a long-term contract at all. Secondly, we consider
a hold-up problem and show under what conditions the parties should rely on the allocation of
ownership rights rather than on a specific performance contract to protect relationship-specific
investments. Thirdly, we reconsider Simon’s problem of when to use an employment contract.
Finally, we discuss the potential benefits of contract indexation. All proofs that are not outlined
in the main text are relegated to Appendix A.

3. Fehr et al. (2009, 2011, 2014) run several experiments on the Hart–Moore model. They find support for the
hypothesis that people shade more when the contract is more flexible if the contract was written under competitive
conditions, but not if one party had monopoly power and could dictate the terms of the contract. Hoppe and Schmitz
(2011) experimentally investigate the hold-up problem and also find some support for the Hart–Moore approach.
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We consider two risk-neutral parties, a buyer B (he) and a seller S (she), who are engaged in a
long-term relationship. The two parties can write a contract at date 0 that governs trade at date
3. The seller can deliver different specifications of a good x ∈ X, where X is a compact space that
can have multiple dimensions (quantity, quality, time and location of delivery, etc.). The buyer’s
valuation v = v(x,θ) and the seller’s cost c = c(x,θ) depend on the specification x of the good
and on the realization of the state of world θ ∈ . The exact shapes of the cost and valuation
functions become commonly known at date 1, when the state of the world θ ∈  is realized. The
state θ reflects exogenous uncertainty that is relevant for the optimal specification of the good to
be traded. We assume that there is a unique materially efficient specification x ∗ (θ) ∈ X for each
possible state of the world,
(1)

that maximizes the material gains from trade.
At date 0, i.e. at the contracting stage, the two parties do not know the realization of the
state of the world θ , which is drawn from a compact space  according to a commonly known
cumulative distribution function F(θ ). At date 1, i.e. before trade takes place, the state of the
world is realized and observed by both parties. We assume that the realized state cannot be
verified by a court or another third party. A court can verify only payments and which if any
of the goods x ∈ X is delivered. Thus, in this setting a contract cannot specify state-contingent
specifications and prices. However, the parties are free to renegotiate the terms of the contract
after observing the state of nature. In this and the next section, we focus on “specific performance
contracts” (x̄, p̄) specifying one good to be delivered at a fixed price that can be enforced by each
party. Other—more complex—forms of initial contracts are analysed in Section 4, where we also
discuss authority contracts, at-will contracts, and contracts on the allocation of ownership rights.
The sequence of events is as follows (Figure 1):
t = 0 Initial Contracting: The buyer and the seller negotiate the initial contract (x̄, p̄).
t = 1 Realization of the state of the world: nature draws θ which is observed by B and S.
The contract in combination with the realized state determines the default options for both
parties, U B = v(x̄,θ )− p̄ and U S = p̄−c(x̄,θ ).
t = 2 Renegotiation: The buyer and the seller can renegotiate the initial contract to a new
contract (x̂, p̂) that must be feasible and individually rational for both parties. If the parties
do not agree upon a new contract, the initial contract (x̄, p̄) remains in place.
t = 3 Trade: Trade is carried out according to the (renegotiated) contract.
So far our model of renegotiation is completely standard. We now depart from the existing
literature by assuming that the initial contract creates a reference point that determines how the
parties evaluate the new contract. The parties compare the new contract (x̂, p̂) to what they would
have received under the old contract in the realized state θ . This evaluation is distorted by loss
aversion: the buyer feels a loss if the renegotiated price p̂ is greater than the initially agreed price
p̄. Furthermore, he also feels a loss if his valuation for the renegotiated good x̂ is smaller than his
valuation for the good x̄ given the realized state of nature. Similarly, the seller feels a loss if the
renegotiated price p̂ falls short of the initially agreed price p̄ and if her cost for the renegotiated
good x̂ is greater than her cost for the good x̄ in the realized state θ . Put differently, we posit that
the default option—determined by the initial contract and the realized state of nature—shapes a
reference point for the two parties.
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Figure 1
Time structure

The utility functions of the two parties at the renegotiation stage are given by:

+

+
U B (x̂, p̂|θ ) = v(x̂,θ )− p̂−λ p̂− p̄ −λ v(x̄,θ)−v(x̂,θ)

(2)


+

+
U S (x̂, p̂|θ ) = p̂−c(x̂,θ)−λ p̄− p̂ −λ c(x̂,θ)−c(x̄,θ )

(3)

with λ > 0 and [z]+ ≡ max{z,0}.
This specification follows Kőszegi and Rabin (2006, 2007) in assuming that a party’s utility
function has two additively separable components: standard outcome-based utility and gain–
loss utility. Furthermore, we assume that the gain–loss function satisfies decomposability as
defined by Tversky and Kahneman (1991). Decomposability implies that a monetary loss due to
a difference between p̂ and p̄ is evaluated separately from a loss due to a lower valuation or a
higher cost. This assumption is common in the literature on loss aversion and necessary for loss
aversion to accommodate many well-known deviations from standard theory like the endowment
effect (Thaler, 1980; Kahneman et al., 1990) or the status quo bias (Samuelson and Zeckhauser,
1988).4 , 5 Moreover, we assume that the degree of loss aversion is the same across dimensions and
across parties, i.e. we assume a universal gain–loss function (Kőszegi and Rabin, 2006) and no
buyer- and seller-specific values of λ. This assumption is merely imposed to reduce the number

4. How constant additive loss aversion can accommodate for many observed deviations from standard theory is
explained by Tversky and Kahneman (1991). For more recent applications of constant additive loss aversion see e.g.
Crawford and Meng (2011) and Ericson and Fuster (2011). If the decision maker integrates all dimensions, loss aversion
plays no role, i.e. it is just a monotonic transformation of the utility function. The presumption of which dimensions
are evaluated jointly and which dimensions are evaluated separately is important in all applications of loss aversion. So
far there exists only limited evidence on the dimensions that are typically considered in different mental accounts, see
e.g. Hastings and Shapiro (2013) and the references given there. It seems more plausible that two items are evaluated
separately if they cannot be readily converted into each other. For example, it may be more difficult for the buyer to
compare the pleasure he receives from a higher quality of the good to the increase of the price he has to pay than it is
for the seller to compare a monetary cost increase to an increase in the price she receives. In this case, the seller is less
likely to suffer from loss aversion than the buyer (and less likely than a seller who incurs non-monetary effort costs).
Note, however, that all our results go through if only one party is loss averse.
5. Loss averse behaviour need not arise from the behavioural anomaly of loss aversion but may also be caused
by organizational constraints. For example, consider a company A renegotiating a contract with some other company B.
The renegotiation proposal affects two divisions of company A, say production and marketing. The division that has to
bear the cost of the contract adjustment (production) may oppose it more strongly than it is supported by the division that
benefits from it (marketing). The CEO of company A has to push through the renegotiation proposal in both divisions.
Thus, even if the CEO himself is not loss averse, he may behave as if he was affected by loss aversion.
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In this section, we take the initial contract (x̄, p̄) as exogenously given and analyse the renegotiation
game at date 2. We first characterize the renegotiation set, i.e. the set of specifications x̂ that are
feasible and individually rational given the initial contract (x̄, p̄). Then, we impose some structure
on how the parties renegotiate the initial contract and characterize the renegotiation outcome. We
will show that the renegotiation outcome is sticky and materially inefficient: parties often fail to
renegotiate even if a materially more efficient contract is available, and if they do renegotiate they
adjust the contract too little to the realization of the state of the world and do not agree ex post on
trading the materially efficient x ∗ (θ ) that maximizes v(·)−c(·). Finally, we characterize the cost
and the likelihood of renegotiation.
3.1. The renegotiation set
Suppose that an initial contract (x̄, p̄) is in place and that the state of the world θ has materialized.
Thus, if the initial contract is not renegotiated the parties will trade x̄ at price p̄ which yields the
outside option utilities U B = v(x̄,θ )− p̄ and U S = p̄−c(x̄,θ ).
The buyer prefers a new contract (x̂, p̂) to the initial contract if and only if his utility under the
new contract is greater than his utility from the initial contract. This is the case if and only if
v(x̂,θ )− p̂−λ[v(x̄,θ )−v(x̂,θ)]+ −λ[p̂− p̄]+ ≥ v(x̄,θ)− p̄
⇐⇒ v(x̂,θ )−v(x̄,θ)−λ[v(x̄,θ)−v(x̂,θ )]+ ≥ p̂− p̄+λ[p̂− p̄]+ .

(4)

The seller prefers the new contract (x̂, p̂) to the original contract if and only if
p̂−c(x̂,θ )−λ[c(x̂,θ )−c(x̄,θ)]+ −λ[p̄− p̂]+ ≥ p̄−c(x̄,θ)
⇐⇒ c(x̂,θ)−c(x̄,θ)+λ[c(x̂,θ )−c(x̄,θ)]+ ≤ p̂− p̄−λ[p̄− p̂]+ .

(5)

Contracts (x̂, p̂) satisfying Equations (4) and (5) are called individually rational. The renegotiation
set is the set of goods x̂ to which the parties could voluntarily renegotiate to, i.e. the set of x̂ ∈ X
for which there exists a price p̂ such that (x̂, p̂) is individually rational for both parties.
We have to distinguish whether x̂ leads to higher or lower benefits for the buyer and higher
or lower costs for the seller as compared to x̄. Obviously, if x̂ leads to higher costs and lower
benefits than x̄, then there does not exist any price p̂ such that (x̂, p̂) is preferred by both parties
to (x̄, p̄). This leaves us with three cases, covered in the following proposition.
6. Most of the evidence regarding the size of λ comes from experimental findings about the willingness to accept
(WTA) and willingness to pay (WTP) ratio. The WTA is the amount a subject who received an item (typically a coffee
mug) demands so that she is willing to sell it. The WTP is the amount a subject who has not received an item is willing
to pay for it. Reviewing 45 studies on WTA–WTP ratios with a remarkable range of goods, Horowitz and McConnell
(2002) report that the median (mean) ratio of average WTA and average WTP is 2.6 (7), which corresponds to λ = 0.61
(λ = 1.6) in our model. The classic investigation of the endowment effect by Kahneman et al. (1990), compares the WTA
of sellers with the amount of money that makes the so-called “choosers” indifferent between obtaining either the item or
the money. The advantage of the classic approach is that “choosers” and sellers face precisely the same decision problem,
whereas WTA–WTP ratios (slightly) above one can also be explained by income effects. Kahneman et al. (1990) report
estimates corresponding to λ ≈ 1.28 in one experiment, while they reported estimates corresponding to λ ≈ 1.0 for another
experiment.
7. See Footnote 8 and the discussion after Figure 3.

[15:11 16/12/2014 rdu034.tex]

RESTUD: The Review of Economic Studies

Page: 303

297–332

304

REVIEW OF ECONOMIC STUDIES

Proposition 1. Consider an initial contract (x̄, p̄) and suppose that state θ ∈  is realized. The
renegotiation set, i.e. the set of all x̂ ∈ X to which the parties may voluntarily renegotiate to, is
characterized as follows:

v(x̂,θ )−v(x̄,θ) ≥ (1+λ)2 [c(x̂,θ)−c(x̄,θ)].
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(i) If x̂ ∈ X yields (weakly) higher benefits for the buyer and (weakly) lower costs for the seller as
compared to x̄, then it can always be reached by renegotiation.
(ii)If x̂ ∈ X yields higher benefits for the buyer but is more costly to produce for the seller as
compared to x̄, then it can be reached by renegotiation if and only if
(6)

(iii)If x̂ ∈ X is less costly to produce for the seller but also less beneficial to the buyer as compared
to x̄, then it can be reached by renegotiation if and only if
c(x̄,θ )−c(x̂,θ) ≥ (1+λ)2 [v(x̄,θ)−v(x̂,θ )].

(7)

The intuition for this result is straightforward. Clearly, a good x̂ that is preferred to x̄ by both
parties can always be reached by renegotiation by leaving the price unchanged. The interesting
cases arise when there is a trade-off, i.e. either the buyer or the seller suffers if the new good
is implemented and the price is not adjusted. For instance, suppose that x̂ benefits the buyer but
is more costly to produce for the seller. To compensate the seller, the buyer has to increase the
price by at least p = (1+λ)[c(x̂,θ)−c(x̄,θ)]. The buyer is willing to offer this price increase
only if his valuation increases by at least (1+λ)p , i.e. if v(x̂,θ)−v(x̄,θ) ≥ (1+λ)p .8 Note that
the renegotiation set becomes smaller as λ increases. Note also that whether implementing x̂ is
individually rational for both parties ex post is independent of the initial price p̄. This is due to
the assumed quasi-linear structure of preferences in combination with linear loss aversion. The
renegotiation set for λ = 0 and λ > 0 is depicted in Figure 2: if the parties are not loss averse, all
goods that are north-east of the straight line can be reached by renegotiation. If the parties are
loss averse, the renegotiation set shrinks to the goods that are located north-east of the dashed
lines.
3.2. The renegotiation outcome
So far we characterized the set of renegotiation outcomes that are feasible and individually
rational. To characterize the renegotiation outcome that will actually obtain we have to be more
specific about the bargaining game played at the renegotiation stage. In the following, we employ
the Generalized Nash Bargaining Solution (GNBS). The GNBS is the only bargaining solution
that is Pareto efficient, invariant to equivalent utility representations and independent of irrelevant
alternatives. Furthermore, it reflects the relative bargaining power of the two parties.9 The GNBS
is the contract (x̂(θ), p̂(θ )) that maximizes the Generalized Nash Product (GNP), i.e.
(x̂(θ), p̂(θ)) ≡ argmax
x,p



U B (x,p|θ )−U B

α 
1−α 
,
· U S (x,p|θ )−U S

(8)

8. If the two parties differ in their degree of loss aversion, so that party i’s degree is λi with i ∈ {B,S}, in Proposition
1 the term (1+λ)2 in Equations (6) and (7) needs to be replaced by the term (1+λS )(1+λB ).
9. See Roth (1979) for a discussion of the GNBS and other axiomatic models of bargaining. Binmore et al. (1986)
derive the GNBS as a non-cooperative equilibrium of an alternating offer game between one seller and one buyer.
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Figure 2
The renegotiation set

where U B and U S are the outside option utilities of the buyer and the seller, respectively—i.e.
the utilities they achieve if no agreement is reached and the initial contract is carried out.10 The
share of the surplus going to the buyer increases with α, a parameter that is commonly interpreted
as a measure of the buyer’s relative bargaining skill/power.11
Because of the very general structure of X which may be a discrete or multi-dimensional space,
it is not possible to characterize x̂(θ ) without imposing additional structure on the renegotiation
problem. We will do this in the next subsections. However, for a given renegotiated x̂(θ ) we can
characterize the renegotiated price p̂(θ) in general.
Proposition 2. Let v := [v(x̂,θ)−v(x̄,θ)] and c := [c(x̂,θ)−c(x̄,θ)]. The GNBS implies that
for a given x̂(θ ) the renegotiated price p̂(θ ) is given by:
⎧
1+λ1
1+λ1
⎪
⎨p̄+(1−α) 1+λ v +α(1+λ2 )c if (1−α) 1+λ v +α(1+λ2 )c ≥ 0
p̂(θ) = p̄
otherwise
⎪
⎩
1+λ2
2
p̄+(1−α)(1+λ1 )v +α 1+λ c if (1−α)(1+λ1 )v +α 1+λ
1+λ c ≤ 0

(9)

with
λ1 =

λ if v(x̄,θ)−v(x̂,θ ) > 0
0 otherwise

λ2 =

λ if c(x̂,θ)−c(x̄,θ) > 0
0 otherwise

.

10. In general, the GNBS need not be unique. In subsection 3.3, we impose additional assumptions that guarantee
uniqueness of the GNBS.
11. By assuming that renegotiation leads to the GNBS we take a reduced form approach that does not model the
bargaining game explicitly. This approach assumes that the reference point of each party is fixed and unaffected by the
offers and counteroffers made in the negotiation game. Even if this was not the case and if the parties incurred losses
when updating the reference point, the accumulated losses until an agreement is reached should be similar to the losses
the parties incur when implementing the GNBS directly. However, modelling the adjustment of the reference point in
different bargaining games is beyond the scope of this article.
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To see the intuition for Proposition 2, note that for any given x̂ the Pareto frontier is linear with
a kink at (UB (x̂, p̄),US (x̂, p̄)). Hence, it is possible to transfer utility from one player to the other,
but—due to loss aversion—not one to one and at different rates in different directions. Because
of this kink the parties will not adjust the price if the absolute values of v and c are small and
if both parties have some bargaining power. Consider now a case where the price is adjusted.
For concreteness suppose that x̂ is such that the buyer’s valuation and the seller’s cost go up as
compared to x̄, so v > 0 and c > 0 which implies λ1 = 0 and λ2 = λ. In this case, the price
must go up to compensate the seller for her higher cost. If the buyer has all the bargaining power
(α = 1), the price increases by (1+λ)[c(x̂,θ )−c(x̄,θ)], just enough to compensate the seller for
her increase in cost and her feeling of a loss because of this cost increase. If the seller has all the
)−v(x̄,θ )
bargaining power (α = 0), the price increases by v(x̂,θ1+λ
, so the price increase multiplied by
(1+λ) just equals the increase of the buyer’s valuation because the buyer feels a loss due to the
price increase.
It is interesting to note that the price adjustment p := p̂− p̄ is independent of the initially
specified price p̄. The price p̄ defines the wealth position of the buyer and the seller from which
renegotiation starts. Because the utility functions are quasi-linear there are no income effects and
the price p̄ has no impact on the price adjustment. A second interesting observation is that the
price adjustment p := p̂− p̄ is often decreasing in λ. For example, if renegotiation takes place
and both parties have the same bargaining power (α = 0.5), an increase in loss aversion reduces
the price adjustment and makes prices more sticky.12
3.3. The stickiness of the initial contract
In this subsection, we assume that the specification of good x is one-dimensional and can be
changed continuously, i.e. X ≡ R+
0 and that the state of the world is drawn from a one-dimensional
continuous space  ⊂ R.
Assumption 1. For any state θ ∈  ⊂ R and any quantity x ∈ X ≡ R+
0 the buyer’s valuation and
the seller’s cost function are twice continuously differentiable and satisfy the following (Inada)
conditions: ∀ x > 0
2 v(x,θ )
)
∂ 2 v(x,θ)
(a) v(0,θ ) = 0, ∂v(x,θ
< 0, ∂ ∂x∂θ
> 0,
∂x > 0,
∂x 2
∂c(x,θ )
∂ 2 c(x,θ )
∂ 2 c(x,θ)
(b) c(0,θ) = 0, ∂x > 0, ∂x2 ≥ 0, ∂x∂θ ≤ 0,

∂v(x,θ )
∂c(x,θ)
)
∂c(x,θ )
(c) limx→0 ∂v(x,θ
∂x > lim x→0 ∂x = 0, lim x→∞ ∂x < lim x→∞ ∂x .

Assumption 1 guarantees that there exists a unique materially efficient quantity x ∗ (θ ) > 0 that
is fully characterized by the first-order condition. Furthermore, it implies that an increase in θ
increases marginal benefits and reduces marginal costs. Thus, the higher the state, the higher is
the materially efficient quantity, i.e. x ∗ (θ) is increasing in θ .

12. Proposition 2 is consistent with the experimental evidence in Bartling and Schmidt (2014). They conduct a
(re-)negotiation experiment in which the seller can make a take-it-or-leave-it renegotiation offer, so α = 0, and the buyer
always benefits from renegotiation, i.e. v > 0. In this case, Proposition 2 implies sticky prices. Bartling and Schmidt
(2014) find that sellers often deliver the ex post efficient good without charging any markup if x ∗ (θ ) is less costly to
produce than x̄. Moreover, they find that if the seller demands a higher price, which almost always happens if x ∗ (θ ) is
more costly to produce, then the demanded markup is lower with an initial contract than in an equivalent situation without
an initial contract. Note that we do not generally predict sticky prices, i.e. the price change may also be larger with loss
aversion than without.
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Suppose the parties start out from an initial contract (x̄, p̄), which implements the materially
efficient good in state θ̄ , i.e. x̄ = x ∗ (θ̄ ). We have to distinguish two cases, i.e. whether the realized
state is larger or smaller than θ̄ . In the former case, the parties want to (weakly) increase x,
whereas in the latter case the parties want to (weakly) decrease x. The following proposition fully
characterizes the renegotiation outcome for both cases.
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Proposition 3. Suppose that Assumption 1 holds. Consider any initial contract (x̄, p̄) with x̄ > 0
and any realized state of the world θ ∈ . The GNBS implies that the parties will renegotiate to
⎧ L

L (θ ) if
x̂
(θ
),
p̂
θ <θL
⎨

L
H
x̂(θ ), p̂(θ ) =
(10)
(x,p)
 if θ ≤Hθ ≤ θ
⎩ H
H
x̂ (θ ), p̂ (θ) if θ < θ
where x̂ i and p̂i , i ∈ {L,H} are given by:


∂v x̂ L (θ ),θ
∂c x̂ L (θ),θ
1
=
∂x
∂x
(1+λ)2


H
∂v x̂ H (θ ),θ
2 ∂c x̂ (θ ),θ
= (1+λ)
∂x
∂x
 




α   L
L
L
p̂ (θ ) = p+(1−α)(1+λ) v x̂ (θ),θ −v(x,θ) +
c x̂ (θ ),θ −c(x,θ)
1+λ




 


1−α
p̂H (θ ) = p+
v x̂ H (θ ),θ −v(x,θ) +α(1+λ) c x̂ H (θ ),θ −c(x,θ)
1+λ
and θ L and θ H are the unique solutions to x̂ L (θ L ) = x and x̂ H (θ H ) = x if these solutions exist;
otherwise, θL and θH coincide with inf {} and sup{}, respectively.
Loss aversion causes a kink in the utility functions of the buyer and the seller at x = x̄ which
leads to the existence of a range of states of the world [θ L ,θ H ] around state θ̄ in which the parties
prefer to stick to the initial contract even though this is inefficient in the absence of loss aversion.
This range depends on the initially specified good but not on the initially specified price. If a state
materializes that is far enough away from θ̄ , the parties will renegotiate, but the contract is sticky.
The quantity change always falls short of the quantity change that would be necessary to achieve
the materially efficient x ∗ (θ ).13
If the parties do renegotiate they choose x̂ so as to push out the Pareto frontier as far as possible
and then split the surplus by adjusting the price. Thus, as in the Coase theorem, the renegotiated
x̂ is independent of the relative bargaining power (α) of the parties. However, in contrast to the
Coase theorem transferring utility is costly because of loss aversion. As in Proposition 2, the
relative bargaining power determines how the additional achievable surplus is split between the
two parties by adjusting the price.
Figure 3 illustrates the renegotiation outcome for a simple example with v(x,θ) = θ x, c(x,θ) =
1 2
∗
2 x , and X =  = [0,10]. In this example, the ex post efficient quantity is x (θ ) = θ . The initial
contract has x̄ = 1 which implies θ̄ = 1. The dashed lines in Figure 3 show the renegotiated
quantities x̂(θ) for λ = 1 and λ = 0.1. Many experimental studies found that losses are valued
13. If x can be changed only in discrete steps or if costs and benefits are linear, the renegotiated quantity may
coincide with the materially efficient quantity.
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Figure 3
Ex post implemented service as function of θ and λ

about twice as much as equally sized gains, which corresponds to λ = 1.14 If λ = 1 (short-dashed
line), there is very little renegotiation. Only in extreme states of the world (θ < 0.25 and θ > 4)
do the parties renegotiate. However, the experimental evidence also suggests that experienced
“traders” (i.e. people who frequently trade goods not to own them but to make money) are much
less attached to the goods they trade and suffer much less from loss aversion.15 But even if λ = 0.1
(long-dashed line) there is a significant effect. There is no renegotiation for θ ∈ [0.87,1.21]. If
∗
there is renegotiation the renegotiated
 ∗ quantity
 is sticky and does not fully adjust to x (θ). In this

)
example, the relative distortion,  x (θx∗)−x̂(θ
(θ ) , increases when θ moves away from θ̄ until it reaches
θ H (θ L , respectively). From there on the relative distortion is constant. Finally, if only one party
(say the buyer) suffers from loss aversion (λB = 1) while the other party is a very experienced
trader (λS = 0), we get the dotted intermediate curve with no renegotiation for θ ∈ [0.5,2]. Thus,
it is sufficient if one party is loss averse to have an economically significant effect.
3.4. The cost and likelihood of renegotiation
By employing the GNBS we implicitly assume that the parties will always come to an ex post
efficient agreement in utility terms. However, from an ex ante perspective there is a cost to
writing a specific performance contract that is later renegotiated. Renegotiation may yield an
outcome that is materially inefficient, i.e. it does not maximize the material social surplus S(x,θ ) =
v(x,θ )−c(x,θ). Furthermore, it may give rise to feelings of losses. From an ex ante perspective
both of this is inefficient.
14. For example, Kahneman et al. (1990) report estimates corresponding to λ slightly above 1. See also Footnote
6 for additional evidence on the size of λ.
15. Evidence that market experience can eliminate the endowment effect caused by loss aversion is provided by List
(2004, 2011). Horowitz and McConnell (2002), however, point out in their review of 45 endowment experiments, that the
evidence that the endowment effect is reduced by subjects’ familiarity with the experiment is weak. One explanation that
has been put forth in the literature to explain the different behaviour of “traders” and “non-traders” is that traders expect
to sell their items whereas non-traders expect to keep them. People who expect not to keep an item are less attached to
that item and in turn suffer less from loss aversion when loosing it (Kőszegi and Rabin, 2006).
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The social surplus of a specific performance contract (x̄, p̄) that is renegotiated to (x̂(θ ), p̂(θ ))
is given by:
S(θ | λ, x̄, p̄) = v(x̂(θ),θ)−c(x̂(θ ),θ)

+

+
−λ v(x̄,θ )−v(x̂(θ ),θ) −λ c(x̂(θ ),θ)−c(x̄,θ ) −λ|p̂(θ )− p̄|.

(11)



L(λ, x̄, p̄,α) = Eθ S ∗ (θ )−S(θ | λ, x̄, p̄) .
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We define the efficiency loss of a specific performance contract with renegotiation as the expected
difference between the materially efficient social surplus, S ∗ (θ ) := maxx {v(x,θ)−c(x,θ)}, and the
social surplus that the parties actually achieve through renegotiation:
(12)

Proposition 4. Suppose Assumption 1 holds. The efficiency loss of a specific performance
contract with renegotiation L(λ, x̄, p̄,α) is independent of p̄ and increasing in λ. It is strictly
increasing in λ at λ = 0.
As we have seen before, the initial price p̄ does not affect the renegotiated good x̂ nor the
price adjustment |p̂− p̄|. Thus, the efficiency loss of a specific performance contract is also
independent of p̄. An increase in the degree of loss aversion increases the efficiency loss because
of two effects: First, keeping the good x̂ fixed, increasing λ increases the inefficiency because the
disutility associated with a given loss increases. Secondly, the renegotiated good x̂ also depends
on λ. If λ increases, x̂ reacts less strongly to changes of θ which reduces the material surplus
v(·)−c(·) achieved ex post.
We now turn to the likelihood that a given contract (x̄, p̄) is in fact renegotiated. From
Proposition 3, it seems intuitive that renegotiation is more likely if the environment is more
uncertain. In a more uncertain environment, it turns out more often that the initially contracted
specification x̄ is far from optimal and thus will not be delivered ex post, even though the parties
are loss averse and dislike renegotiations. To formalize this intuition, assume that θ is distributed
according to some cumulative distribution function F(θ). The initial contract will be renegotiated
for θ < θ L and θ > θ H , where θ L and θ H are characterized by Proposition 3. Note that θ L and θ H
are independent of the cumulative distribution function F(·). We denote the ex ante probability
of renegotiation by ρ(F) = F(θ L )+1−F(θ H ) which depends on the distribution function and the
initial contract. The following result shows that our conjecture is correct.
Corollary 1. Suppose Assumption 1 holds. If F1 (θ) crosses F2 (θ) once from below at θ̃ ∈
(θ L ,θ H ) ⊂ , then the initial contract (x̄, p̄) is more likely to be renegotiated if θ is drawn from
F2 than from F1 , i.e. ρ(F1 ) < ρ(F2 ).
The condition that F1 (θ ) crosses F2 (θ ) once from below at θ̃ ∈ (θ L ,θ H ) means that F2 (θ ) has
more “weight in the tails” than F1 (θ ) and is “more risky” in this sense. If F1 and F2 have the
same mean, F2 is a mean preserving spread of F1 .16
16. If F1 and F2 have the same mean this definition of “more risky” implies second-order stochastic dominance
(SOSD). However, not every mean preserving spread of F1 yields a distribution that is “more risky” according to the
definition given above. It is possible to construct F2 by adding a mean preserving spread to F1 in such a way that F2 has
less weight in the tails than F1 (see Levy (1992, p. 563) for an example). In this case, the likelihood of renegotiation is
smaller under F2 than under F1 . Thus, SOSD is not sufficient for Corollary 1. In fact, Corollary 1 holds as long as the
following local properties of the distribution are satisfied: F2 (θ L ) > F1 (θ L ) and F2 (θ H ) < F1 (θ H ).
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Another direct implication of Proposition 3 is that renegotiation becomes less likely the
higher λ. An increase of λ shifts θ L to the left and and θ H to the right and thereby reduces
the set of states of the world in which renegotiation takes place.
Corollary 2. Suppose Assumption 1 holds and that (θ L ,θ H ) ⊂ . The probability that the initial
contract is renegotiated is strictly decreasing in λ.
Downloaded from http://restud.oxfordjournals.org/ at Universitaetsbibliothek der LMU Muenchen on September 28, 2015

3.5. Alternative specifications of the reference point
Our model is based on the assumption that the reference point is what the contract stipulates given
the realized state of the world θ , i.e. trading x̄ at price p̄ which gives rise to value v(x̄,θ ) and cost
c(x̄,θ). We believe that this is a highly natural and plausible specification. After all, the parties
negotiated the contract, they both agreed to it, and when it comes to the renegotiation stage in
state θ the contract determines the rights and obligations of both parties (and thus the threat-point
pay-offs) if renegotiation fails.
An alternative specification is that the buyer and the seller form a reference point before the
realization of the state of the world, i.e. shortly after the initial contract has been signed. In this
case, the buyer and the seller compare the renegotiation proposal to the ex ante expected value,
Eθ [v(x̄,θ )], and the expected cost Eθ [c(x̄,θ)], respectively. The analysis of the renegotiation game
is very similar and gives rise to the same frictions. In particular, it is still the case that the good
x̄ specified in the contract determines the reference point and that the parties incur losses in
renegotiation that distort the renegotiation outcome.
Going one step further, Kőszegi and Rabin (2006) assume that parties do not form a point
prediction ex ante but rather look at the full distribution of ex post outcomes. Furthermore,
they assume that parties rationally expect that the contract will be renegotiated and take the
renegotiation outcomes into account. With this form of expectation-based loss aversion the
contract shapes the reference point only indirectly by affecting the parties expectations about
the feasible ex post outcomes. Nevertheless, the initial contract trades off maximizing material
efficiency and minimizing expected losses, so the same basic tradeoff arises. However, the analysis
of expectation-based loss aversion is far more complicated.17
Finally, it might be argued that the parties form rational expectations about the renegotiation
outcome and that the reference point is the expected outcome given the realized state of the
world. In this case, there exists an equilibrium in which the first best is implemented: the parties
expect x ∗ (θ ) to be traded in state θ for all θ ∈ , and they do not incur any losses because this
is exactly what happens. However, this assumption describes perfectly rational behaviour in a
world in which the parties can manage their reference points so as to avoid any loss aversion.
It is inconsistent with the large body of evidence showing that loss aversion affects economic
behaviour.
4. IMPLICATIONS FOR EX ANTE CONTRACTS
In this section, we want to compare long-term specific performance contracts to other contractual
arrangements such as: spot contracting, the allocation of ownership rights, and authority contracts.
For this we have to know how the reference point of the parties and the feelings of losses are
17. Note that the parties experience losses even if they form rational expectations. With expectation-based loss
aversion a party compares the rationally expected outcome in state θ to all outcomes that would have obtained if some
other state θ   = θ had materialized. See Herweg et al. (2013) for an application and detailed discussion of this approach
to an incomplete contracts problem.
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affected by these more general contracts (or if no ex ante contract was written at all). In the
following, we extend the logic of Section 3 to more general contracts.
With a specific performance contract the reference point in renegotiation is the outcome
prescribed by the contract, i.e. what would happen if renegotiation fails.Analogously, we posit that
if the parties do not write a long-term specific performance contract but wait until the state of the
world materializes, their reference point is the outcome that would obtain if spot contracting failed
and each party had to choose her next best outside option. Similarly, if the parties write a contract
that is different from a specific performance contract, the reference point in the renegotiation
game after the realization of the state of the world is the outside option induced by the contract
that each party would get if renegotiation failed.
How strong are these reference points? The reference point that is induced by a specific
performance contract presumably is stronger than the reference point that obtains if no contract
had been written. After all, if the parties wrote a contract, they spent time and effort discussing and
negotiating it, so the contract will loom prominently on their mind at the renegotiation stage. Thus,
the feelings of losses (the degree of loss aversion λ) should be larger if the parties renegotiate a
specific performance contract than if they negotiate from scratch.
What if the parties came to a contractual agreement that is not a specific performance contract
(e.g. a contract on the allocation of ownership rights or on authority)? Here the reference point
could be weaker or stronger than the reference point given by a specific performance contract
depending on how prominent these other contracts are on the minds of the contracting parties. For
simplicity we ignore the possibility of contract dependent degrees of loss aversion in the following
and use the same degree of loss aversion λ for all contracts. How strong reference points—induced
by different contracts—are, is an important empirical question. From a theoretical perspective,
the extension of the model to contract-dependent degrees of loss aversion is straightforward.
A related question is whether the subjects suffer from loss aversion at date 0 when writing
an initial long-term contract. In Section 3, we took the initial contract as exogenously given and
focused on the renegotiation game. If the performance of different contractual arrangements are
to be compared it could be argued that not only ex post losses at the renegotiation stage but also
ex ante losses from negotiating the initial contract should be taken into account. However, the
focus of this article is on the losses and the frictions occurring at the renegotiation stage. Therefore,
we ignore reference points at date 0 and assume that there are no feelings of losses when the initial
contract is written. In fact, there are good economic reasons that are well in line with our general
approach for why feelings of losses at stage 0 are of second-order importance: suppose that at
date 0 the parties compare the proposed initial contract to their next best alternatives. These
alternatives depend on the degree of competition on the date 0 market. It is natural to assume that
there is more competition at date 0 than at date 2, for instance, because the buyer and the seller
have more time to look for alternative trading partners. Suppose that there is perfect competition
at date 0, whereas there may be less than perfect competition at date 2. Thus, if a buyer and a
seller consider writing a contract on x̄ at the competitive price p̄ at date 0, the buyer (seller) knows
that there are many other sellers (buyers) on the market willing to agree to the same contractual
terms. Hence, the next best alternative to (x̄, p̄) is (x̄, p̄). Because the reference point is equal to
the contract there are no feelings of losses when (x̄, p̄) is agreed upon.
4.1. The costs and benefits of long-term contracts
Instead of writing a long-term specific performance contract at date 0 that has to be renegotiated
the parties could also wait until the state of the world has materialized and then write a contract
on the spot at date 2. The long-term contract is costly because of costly renegotiation, but the
spot contract may also be costly depending on the reference point that governs spot contracting
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at date 2 and the strength of this reference point, i.e. the size of λSC ≤ λ. In the following,
we illustrate the costs and benefits of writing a long-term contract. Moreover, we also shows
that it can be optimal to write a long-term contract on a good that is never materially efficient
ex post.
Suppose that there are n ≥ 2 states of the world, {θ1 ,...,θn } ≡  and n relevant specifications
ex post if and only if state θi
of the good x ∈ {x1 ,...,xn } ≡ X. Good xi is materially efficient

materializes, i.e. x ∗ (θi ) = xi . Let Prob(θ = θi ) = πi with ni=1 πi = 1, and assume w.l.o.g. that
π1 ≥ πi for all i ≥ 2. For simplicity, we assume that only two configurations of costs and benefits
can arise ex post depending on whether or not the materially efficient good is traded. The buyer’s
and the seller’s material utility ex post in state θi is
(13)

and
if x = xi
p−c∗
,
p− c
if x  = xi
¯
∗
∗
∗
respectively, with v −c > v− c > 0 and c > c > 0.
¯ ¯
¯
US =

(14)

4.1.1. Long-term contract. If the parties write a long-term specific performance
contract, the contract optimally specifies x̄ = x1 . Thus, in the most likely state θ1 there is no
need for renegotiation. In states θi  = θ1 , however, the contract is inefficient. By Proposition 1 the
parties will renegotiate the contract if and only if

v∗ − v ≥ (1+λ)2 (c∗ − c) ⇐⇒ λ ≤
¯
¯

v∗ − v
¯ −1 = λ̄.
c∗ − c
¯

(15)

Thus, if λ ≤ λ̄ the parties will renegotiate to x̂ = x ∗ (θi ) and, by Proposition 2,
p̂ = p̄+

1−α ∗
(v − v)+α(1+λ)(c∗ − c),
1+λ
¯
¯

(16)

giving rise to final payoffs (θi  = θ1 ):




1−α ∗
(v − v)+α(1+λ)(c∗ − c)
U (θi ) = v − p̄−(1+λ)
1+λ
¯
¯
B

∗

U S (θi ) = p̄−c∗ +

1−α ∗
(v − v)+[α(1+λ)−λ](c∗ − c).
1+λ
¯
¯

(17)

If λ > λ̄ there is no renegotiation and x1 is traded at price p̄. In this case, payoffs are U B (θi ) = v− p̄
and U S (θi ) = p̄− c. Thus, the ex ante expected social surplus of a long-term contract is given¯ by:
¯


∗ −c∗ −(1−π )λ 1−α (v∗ − v)+[1+α(1+λ)](c∗ − c) if λ ≤ λ̄
v
1
1+λ
.
(18)
S LTC (x1 , p̄) =
¯
¯
π1 (v∗ −c∗ )+(1−π1 )(v− c)
if λ > λ̄
¯ ¯
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v∗ −βv∗ −(1−β)v ≥ (1+λSC )2 [c∗ −βc∗ −(1−β)c] ⇐⇒ λSC ≤
¯
¯

v∗ − v
¯ −1 = λ̄,
c∗ − c
¯
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4.1.2. Spot contract. Suppose now that the parties wait until the state has materialized
and then negotiate a spot contract on x ∗ (θ). The size of the losses they experience in doing so
depends on the competitiveness of the market at date 2. Suppose that if the buyer and the seller do
not come to an agreement on x ∗ (θ ) they can trade some generic good x with another trading partner
¯ and, therefore, generates a
at price p. This generic good is less customized to the needs of the buyer
¯
lower surplus: in all states of the world, the buyer’s valuation for x is βv∗ +(1−β)v and the seller’s
¯ is β(v∗ −c∗ )+(1−β)(
¯
cost of producing it is βc∗ +(1−β)c, with 0 ≤ β ≤ 1, so the surplus
v− c).
¯
¯ less
¯
We interpret β as the degree of competition on the market at date 2. The smaller β, the
attractive are the competing alternatives on the market and the more are the two parties locked
into each other. Because trading x at price p is the next best alternative, the reference point for
¯
the buyer and the seller is (βv∗ +(1−β)
v, p)¯ and (βc∗ +(1−β)c, p), respectively.
¯
¯ contract at date 2 if¯ and
¯ only if
By Proposition 1 the parties write a spot

(19)

where λSC is the degree of loss aversion that applies to spot contracting. Thus, if λSC ≤ λ̄ the
parties write a spot contract on x̂ = x ∗ (θ ) at price
1−α
p̂ = p+
(1−β)(v∗ − v)+α(1+λSC )(1−β)(c∗ − c) .
SC
1+λ
¯
¯
¯

(20)

If λSC > λ̄ the parties do not come to an agreement and trade good x on the market. Hence, the
¯
ex ante expected social surplus of a spot contract is given by:
⎧


⎨v∗ −c∗ −(1−β)λSC 1−α (v∗ − v)+[1+α(1+λSC )](c∗ − c) if λSC ≤ λ̄
SC
1+λ
S SC =
.
¯
¯
⎩β(v∗ −c∗ )+(1−β)(v− c)
if λSC > λ̄
¯ ¯

(21)

Proposition 5. A spot contract outperforms a long-term specific performance contract if the
degree of competition on the spot market is sufficiently high as compared with the probability
that the long-term contract does not have to be renegotiated, i.e. if β ≥ π1 . If β < π1 , there exists
a critical threshold λ̂(λ) < λ̄ such that spot contracting is optimal if and only if λSC ≤ λ̂(λ).
To illustrate this result consider the following extreme cases: if there is perfect competition
on the spot market (β = 1), it is clearly optimal to wait until date 2. In this case, the spot contract
is always materially efficient and causes no feelings of losses, while a long-term contract requires
costly renegotiation with positive probability. Similarly, if λSC is equal to 0, the spot contract is
also materially efficient and there are no feelings of losses. However, if λSC is close to λ and if
there is little competition on the date 2 market (β is small), a long-term contract can be superior
because it replaces the reference point associated with (x, p) with the more efficient reference
¯ ¯
point associated with (x1 , p̄).
4.1.3. Contracts that are never ex post efficient. A slightly modified version of this
example can be used to show that it can be optimal to write a long-term contract on a good that
is never materially efficient ex post. To see this suppose that the parties have to write a long-term
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contract (e.g. because a spot market does not exist). However, in addition to the goods x1 ,...,xn
there is a (n+1)-th good x that yields a benefit of βv∗ +(1−β)v for the buyer and costs the seller
βc∗ +(1−β)c to produce¯ in all states of the world. Thus, x is a¯“compromise good” that is never
¯
¯ ∗ −c∗ )+(1−β)(v− c) in all states of
materially efficient,
but yields some moderate surplus β(v
¯ ¯
the world.
Suppose that the parties write a long-term contract on x at price p. After the realization of
¯ The analysis
¯
the state of the world they consider renegotiating this contract.
of the renegotiation
game is exactly the same as the analysis of spot contracting above, but now the same degree
of loss aversion λ applies to all long-term contracts. If λ ≤ λ̄ the parties will renegotiate to the
efficient good x ∗ (θ ), if λ > λ̄ renegotiation fails and x is traded. The social surplus of this contract
¯
is given by equation (21). Thus, it is optimal for the parties
to contract on x rather than on x1 if and
¯
only if β ≥ π1 even though the parties know that x is never ex post efficient.
For low degrees of
¯
loss aversion (λ ≤ λ̄) the “compromise good” x makes renegotiation less painful because smaller
¯ to the materially efficient good. For high degrees
adjustments in prices and costs are needed to get
of loss aversion (λ > λ̄) renegotiation costs are prohibitive. In this case, good x is an attractive
compromise that yields an intermediate surplus in all states of the world which¯ is preferable to
getting the full surplus in one state and a very low surplus in the other states. Thus, even though
the compromise good is never materially efficient it minimizes renegotiation costs.
4.2. Asset ownership, long-term contracts, and the hold-up problem
In this subsection, we extend the model of the previous subsection in two directions: (i) we allow
for relationship-specific investments of the buyer, and (ii) for the allocation of ownership rights.
The purpose of this subsection is to investigate the implications of loss aversion for the hold-up
problem and the protection of relationship-specific investments. We show under what conditions
the parties want to rely on the allocation of ownership rights rather than on a long-term specific
performance contract to mitigate the hold-up problem.
The literature on incomplete contracts discusses two distinct ways of how to deal with the holdup problem. The property rights approach (Grossman and Hart, 1986; Hart and Moore, 1990)
assumes that it is impossible to write any long-term contract on trade. The only contracts that can
be written to protect relationship-specific investments are contracts on the allocation of ownership
rights. If a party owns an asset that is required for production this party has a stronger bargaining
position when the terms of trade are negotiated because it can threaten to take the asset and trade
with some other party. Therefore, the owner of the asset will get a larger share of the surplus
which increases his or her investment incentives. Hence, the allocation of ownership rights can
be used to mitigate the hold-up problem.
A second approach, going back to Hart and Moore (1988), allows for a long-term contract on
trade, but the contract cannot be state-contingent and is, therefore, likely to be suboptimal after
the realization of the state of the world in which case the parties have to renegotiate it. Several
papers, including Aghion et al. (1994), Nöldeke and Schmidt (1995), and Edlin and Reichelstein
(1996), show that simple contracts cum renegotiation can be used to implement the first best
under fairly general conditions. However, if the renegotiation outcome is inefficient because
the parties suffer from loss aversion, first best efficiency cannot be achieved any more. In this
case, it is an interesting and important question under what circumstances the parties should
rely on the allocation of ownership rights rather than on a long-term contract to protect their
relationship-specific investments.
It is important to note that writing a specific performance contract and allocating ownership
rights on assets are mutually exclusive instruments to encourage relationship-specific investments.
Ownership of an asset improves the bargaining position of the owner only if he can threaten to trade
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UB =

v∗ +I −p− 12 I 2
v−p− 12 I 2
¯

if x = xi
.
if x  = xi
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with some outside party and take the asset with him. A specific performance contract precludes
this possibility. With a specific performance contract each party can insist that good x̄ is traded at
price p̄. Thus, the parties have to take a decision: either they write a specific performance contract
or they rely on the allocation of ownership rights to protect their investments.
Of course, if the parties allocate ownership rights this will also create a reference point that
affects the ex post negotiation game. The allocation of ownership rights determines the outside
options of the two parties. As discussed at the beginning of this section, we assume that in this
case the reference point is determined by what happens if the negotiation fails, i.e. if the two
parties do not come to an agreement and get their outside options.
To illustrate the trade-off between writing a long-term specific performance contract and
allocating ownership rights we build on the model of the previous subsection. Now, at date 1/2,
the buyer can make a relationship-specific investment I ∈ R+
0 that increases his benefit from trade
at cost ψ(I) = (1/2)I 2 . Precisely, in state θi the buyer’s material utility ex post is
(22)

Note that the investment pays off only if the efficient good is traded. The seller’s material
utility ex post is still given by equation (14). In the benchmark case without frictions caused
by contracting, the parties trade xi in state θi and the buyer invests
1
I ∗ = argmax{v∗ −c∗ +I − I 2 } = 1.
I
2

(23)

4.2.1. Long-term specific performance contracts. Suppose that the parties write a
specific performance contract (x̄, p̄) at stage 0. As in subsection 4.1, it is optimal to specify
x̄ = x1 in the contract because good x1 is most likely to be materially efficient ex post. If state
θ = θ1 is realized, the specific performance contract is materially efficient and will be executed.
If some other state θ  = θ1 is realized trading x1 is materially inefficient. In this case, the contract
will be renegotiated if and only if the parties are not too loss averse, i.e. if and only if

λ≤

v∗ − v+I
−1 ≡ λ̄(I).
¯
c∗ − c
¯

(24)

If λ > λ̄(I) the parties do not renegotiate and trade good x1 in all states even though good x1 is
materially inefficient in all states but state θ1 . The crucial difference to subsection 4.1 is that the
critical λ-threshold depends on the buyer’s investment. The buyer’s investment I C maximizes
his ex ante expected utility, which depends on whether or not renegotiation takes place ex post
for states θ  = θ1 . The following result shows that there is a unique critical degree of the parties’
loss aversion and a unique optimal investment level.
Lemma 1. If the parties write a long-term specific performance contract there exists a unique
v∗ −v+π + α (1−π )

1
1
cutoff λ̄ =
−1 > 0 such that the contract will be renegotiated if and only if
¯ c∗ −c2
¯
λ ≤ λ̄. The buyer’s investment
is given by:

IC =
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The expected surplus generated by the contract is given by:
⎧
∗
∗
C 1 C 2
⎪
⎪
⎨v −c +I − 2 (I ) 

∗ +I C − v)+[α(1+λ)+1](c∗ − c)
−λ(1−π1 ) 1−α
(v
if λ ≤ λ̄,
ES C =
1+λ
⎪
¯
⎪
⎩π [v∗ −c∗ +I C ]+(1−π )(v− c)− 1¯(I C )2
if λ > λ̄.
1
1
2
¯ ¯
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Note that I C is always smaller than the first-best investment level I ∗ = 1. The investment I C
increases with π1 , the probability that the contract is ex post efficient. The degree of loss aversion
determines whether an inefficient contract will be renegotiated or not. If there is renegotiation
the buyer will invest more and the expected surplus is higher. If α = 1 (the buyer has all the
bargaining power) he invests efficiently. The smaller α, the more severe is the hold-up problem.
Loss aversion has two effects on the investment that go in opposite directions if λ ≤ λ̄. On the
one hand, the increase in the renegotiation price caused by a higher investment is lower the more
loss averse the parties are, i.e. loss aversion mitigates the hold-up problem. On the other, a higher
degree of loss aversion reduces the buyer’s expected payoff and thereby discourages investment.
These two effects just cancel out so that I C is independent of λ. Total surplus, however, decreases
as λ goes up.
4.2.2. Asset ownership and spot contracting. Suppose now that the parties allocate
ownership rights at date 0 and contract on trade only at date 2, after the state of the world has
materialized. Now, the buyer’s investment is beneficial only if he has access to the asset A. If the
two parties do not come to an agreement the next best alternative for the buyer is to leave the
relationship and trade x ∗ (θ ) with another seller at some price p and get
¯
if the buyer owns A
v∗ +βI − p− 12 I 2
,
(25)
v∗ − p− 12¯I 2
if the seller owns A
¯
where β ∈ [0,1] measures the specificity of the buyer’s investment. The smaller β the lower is
the value of the investment if the buyer trades with a different seller, so the more relationship
specific is his investment. For the seller the next best alternative is to walk away, too, and trade
x ∗ (θ ) with another buyer at price p. If she walks away, she gets
¯
U S = p−c∗ ,
(26)
¯
independent of whether the buyer or the seller owns A.
These utilities from walking away determine the parties’ reference points in the negotiation
game. With the seller not benefiting from asset ownership but the buyer’s investment incentives
being enhanced if he owns the asset it is clear that under the optimal ownership structure the
buyer owns the asset A.
Note that trade with each other is an outcome that is unanimously preferred to trade with an
outsider (because the buyer’s valuation is higher and the seller’s cost remains the same). Thus,
by Propositions 1 and 2, the buyer and the seller will always agree to trade x = x ∗ (θ) at price
UB =

1−α
1−α ∗
(v +I −v∗ −βI)+α(1+λ)(c∗ −c∗ ) = p+
(1−β)I .
p = p+
1+λ
¯ 1+λ
¯

(27)

Loss aversion has two effects on the buyer’s utility that go in opposite directions. On the one
hand, an increase in λ reduces the price that the buyer has to pay and thereby it mitigates the

[15:11 16/12/2014 rdu034.tex]

RESTUD: The Review of Economic Studies

Page: 316

297–332

HERWEG & SCHMIDT

LOSS AVERSION AND INEFFICIENT RENEGOTIATION 317

hold-up. On the other, loss aversion reduces the buyer’s utility. These two effects cancel each
other out so that the buyer’s utility, which is given by:
1
U B = v∗ +I − p−(1−α)(1−β)I − I 2 ,
2
¯

(28)
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does not depend on λ. The seller’s utility, however, is decreasing with λ because the renegotiated
price decreases as λ goes up.
Lemma 2. If the parties rely on asset ownership, they optimally allocate ownership of the asset
to the buyer. In equilibrium, the parties always agree to trade with each other at date 2. The
buyer’s investment is given by:
I A = β +α(1−β) < 1.
The surplus generated by giving asset ownership to the buyer is given by:
1
λ
S A = v∗ −c∗ +I A − (I A )2 −
(1−α)(1−β)I A .
2
1+λ
The higher the buyer’s bargaining power and the less relationship specific the investment, the
more is the buyer going to invest. Thus, the investment and the surplus are increasing in α and
β. The degree of loss aversion λ does not affect the optimal investment level but it reduces the
surplus.
4.2.3. Specific performance contract versus allocation of ownership rights. The
comparison of the two types of contracts is now straightforward.
Proposition 6. Relying on the allocation of ownership rights outperforms a long-term specific
performance contract if and only if D(α,β,π1 ,λ) := S A −ES C ≥ 0, where ES C and S A are given
in Lemmas 1 and 2, respectively.
(i) D(·) is strictly increasing in β and strictly decreasing in π1 , i.e. allocating ownership rights
is more likely to outperform a long-term specific performance contract the smaller the degree of
asset specificity (the larger β) and the more uncertain the environment (the smaller π1 ).
(ii)The allocation of ownership rights is optimal if the buyer’s bargaining power is sufficiently
high, i.e. limα→1 D > 0.
The intuition for this result is as follows: Note first that in the benchmark case, without loss
aversion (λ = 0) the contractual arrangement that leads to higher investments generates the higher
expected surplus. In this case, specific performance leads to higher investments and outperforms
asset ownership if π1 > β, i.e. if there is little uncertainty in the environment and if asset specificity
is high. If the parties are loss averse (λ > 0) the investment incentives are unaffected, but there
are additional feelings of losses that reduce social surplus and that have to be taken into account.
An increase in π1 —a less uncertain environment—makes the specific performance contract more
attractive because it reduces the probability that this contract has to be renegotiated and thereby
reduces the probability that feelings of losses have to be incurred. Similarly, an increase of β—
a lower degree of asset specificity—makes the allocation of ownership rights more attractive,
because the reference point gets closer to the bargaining outcome, hence any feelings of losses
are reduced. Finally, if the buyer’s bargaining power α goes up, the performance of both contracts
increases. However, as α goes to 1, the allocation of ownership rights approaches the first best
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because feelings of losses disappear. In contrast, with a specific performance contract feelings of
losses are unavoidable, because the buyer has to compensate the seller for the cost increase c∗ − c.
¯
Hence, if λ > 0 and α is sufficiently close to one, the allocation of ownership rights outperforms
the specific performance contract.
4.3. Authority contracts and the employment relation
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Instead of writing an ex ante contract that specifies a particular good x̄ to be traded, the
parties could also write an “authority contract” that gives one party the right to choose x out
of some admissible set A ⊆ X. For example, the buyer could have the right to “order” the
seller to deliver any good or service x ∈ A. According to Simon (1951), this is the nature of
the employment relation. An employment contract does not specify a specific service to be
delivered by the employee (the seller), it rather gives the employer (the buyer) the right to
order the employee which service to provide (within the limits specified by the employment
contract). Simon compares an authority contract to a specific performance contract and argues
that there is a trade-off. The authority contract has the advantage of flexibility, i.e. the employer
can easily adjust the service to be provided to the realization of the state of the world.
However, the authority contract is also prone to abuse. The employer has an incentive to
choose x̃(θ) = argmaxx∈A v(x,θ ) which maximizes his own utility rather than the materially
efficient service x ∗ (θ ) = argmaxx∈A [v(x,θ )−c(x,θ)]. The employee anticipates this and has to
be compensated ex ante for her expected cost Eθ [c(x̃(θ),θ)]. Thus, the efficiency loss will be
borne by the employer. A specific performance contract, however, leaves no scope for abuse.
But, this advantage comes at the cost of rigidity. The employee will provide x̄ in all states
of the world. Hence, according to Simon (1951), whether an authority contract or a specific
performance contract is optimal depends on whether the cost of abuse exceeds the cost of
rigidity.
A crucial problem with Simon’s argument is that the specific performance contract need not be
rigid because the parties are free to renegotiate. If the parties write a contract (x̄, p̄) they can later
renegotiate it to (x ∗ (θ ), p̂). The specific performance contract protects the employee against abuse
(she must always get at least p̄−c(x̄,θ )), whereas renegotiation makes the contract flexible. With
a specific performance contract the employer has to “bribe” the employee to provide x ∗ (θ ) rather
than x̄. The authority contract can also be renegotiated to prevent that the buyer’s preferred good,
i.e. the inefficient good x̃(θ), is implemented ex post. With an authority contract the employee
has to “bribe” the employer to choose x ∗ (θ ) rather than x̃(θ ). If renegotiation is costless, the final
outcome will always be materially efficient and the expected payments will be the same under
both contracts. If renegotiation is imperfect due to loss aversion, however, the two contracts are
no longer equivalent.
A second problem with Simon’s argument is the assumption that the employee has to carry
out the order of the employer. In most legislations the employment contract is “at will”, i.e.
the employee can always refuse to comply and quit. This limits the flexibility and the scope for
exploitation.
In this subsection, we address both of these problems. We compare a specific performance
contract to an at-will authority contract and we allow for renegotiation. With the authority contract
the buyer can order the seller which specification of the good to produce. However, the authority
contract is at-will, i.e. the seller can always quit. In this case, she does not have to incur any
costs, but she also forgoes the agreed upon price. We show that loss aversion affects an authority
contract differently than a specific performance contract. In particular, loss aversion makes it
easier for the buyer to “exploit” the seller. Furthermore, with an at-will contract the initial price
p̄ affects the ex post outcome.
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Suppose that X ⊂ RN and  ⊂ RS are some continuous subsets of Euclidean spaces and that
θ is drawn by nature according to the density function f (θ ) out of set . Let x ∗ (θ ) :  → X be a
bijective function, i.e. for any x ∈ X there exists one and only one θ ∈  in which x is efficient.
Similarly, let x̃(θ) :  → X be also a bijective function, i.e. for any x ∈ X there is exactly one θ ∈ 
in which x is profit maximizing for the buyer. Furthermore, we assume that x ∗ (θ)  = x̃(θ ) for all
θ ∈ . These assumptions imply that without renegotiation the specific performance contract and
the authority contract implement the efficient outcome with probability 0.18
Downloaded from http://restud.oxfordjournals.org/ at Universitaetsbibliothek der LMU Muenchen on September 28, 2015

Assumption 2. For all θ ∈  we have that v(x ∗ (θ),θ) = v∗ , c(x ∗ (θ ),θ) = c∗ , v(x̃(θ ),θ) = ṽ,
c(x̃(θ),θ) = c̃, v(x,θ ) = v, and c(x,θ ) = c for all x ∈ X \{x ∗ (θ), x̃(θ )}. Furthermore, ṽ > v∗ > v,
¯
c̃ > c∗ > c, v∗ −c∗ > ṽ−¯c̃ > 0, and v∗ −c¯∗ > v− c > 0.
¯
¯ ¯
Assumption 2 simplifies the problem considerably by assuming that there are only three
different outcomes, (v∗ ,c∗ ), (ṽ, c̃) and (v, c), and two relevant services in each state of the world
¯
at the renegotiation stage. The relevant ¯services
are the materially efficient service x ∗ (θ ) and the
service x̃(θ) that maximizes the buyer’s benefit.
4.3.1. Specific performance contract. Given the continuous state space a specific
performance contract prescribes the efficient outcome with probability 0. Thus, if λ is sufficiently
small, the contract will be renegotiated, otherwise the parties are stuck with (v, c). The analysis
¯ ¯ Lemma 3.
of the specific performance contract is straightforward and summarized in below
Lemma 3. If theparties write a specific performance contract, the contract will be renegotiated
if and only if λ ≤

v∗ −v
S
c∗ −¯c −1 ≡ λ̄ . The
¯

S SPC (λ) =

total surplus that is generated by this contract is given by

∗
v∗ −c∗ −λ(1+α(1+λ))[c∗ − c]− λ(1−α)
1+λ [v − v]
¯
¯
v− c
¯ ¯

if λ ≤ λ̄S ,
if λ > λ̄S .

4.3.2. Authority contract. The authority contract is an at-will contract, i.e. the seller
is free to quit if she does not want to carry out the buyer’s order. In this case, the seller incurs
no cost, but she does not get p̄ either. To make things interesting we assume that p̄ is such that
c∗ ≤ p̄ < c̃, i.e. in the absence of loss aversion the seller is willing to deliver the efficient service
x ∗ (θ) but not the exploitative service x̃(θ ) that maximizes the buyer’s utility.19
What is the reference point induced by an authority contract? The contract says that the
buyer decides which service the seller has to deliver subject to the constraint that the seller may
quit. Hence, the reference point in the renegotiation game is the outcome that would obtain if
renegotiation breaks down and the buyer exercised his authority. In particular, if it is optimal for
the buyer to choose x̃(θ ) and if this does not induce the seller to quit, then the seller expects this
to happen and does not feel a loss. If the seller prefers to quit when the buyer demands x̃(θ ), then
18. These assumptions are useful to avoid cumbersome case distinctions, but they are not crucial for any of the
following results. It is straightforward to set up a similar model with a discrete state space and without the bijectivity
assumptions.
19. The initial price p̄ is part of the ex ante contract. The parties will choose p̄ according to their initial bargaining
powers. We take p̄, here, as given. Note, however, that for p̄ < c∗ the seller may prefer to quit even when the buyer
demands the materially efficient service. If this is the case, a high price mark-up is necessary to implement x ∗ (θ ) via
renegotiation. Therefore, initial prices p̄ < c∗ can hardly be part of an optimal authority contract. If p̄ ≥ c̃, then one of the
three cases we identify does not exist. Otherwise, the analysis and the results remain unchanged.
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p̄− c̃ ≥ −λp̄ ⇐⇒ λ ≥

c̃− p̄
≡ λ̄A1 .
p̄
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demanding x̃(θ) is not optimal for the buyer. In this case, the buyer prefers to demand x ∗ (θ ) and
the seller’s reference point is (c∗ , p̄). Note that whether the seller prefers to quit depends on her
reference point. If the reference point is (c̃, p̄), she is less likely to quit than for other reference
points, such as (c∗ , p̄) and (0,0). In other words, there are multiple “equilibria”. We assume that
the seller complies as long as complying constitutes an equilibrium in the following sense: the
reference point is (c̃, p̄) as long as—given this reference point—the seller prefers to deliver x̃(θ )
at price p̄ to quitting the relationship.20
Note that if the buyer requests the efficient service, the seller always complies because her
production cost c∗ is smaller than the price p̄—provided that her reference point is (c̃, p̄) or (c∗ , p̄).
What if the buyer requests the exploitative service? If the seller complies she gets p̄− c̃ < 0. If she
quits, she saves the production cost c̃ but she loses the price p̄. Because losing p̄ is considered a
loss, her utility from quitting is −λp̄. Thus, the seller complies and produces x̃(θ ) if and only if
(29)

If λ < λ̄A1 the seller would quit if the buyer demanded x̃(θ ). Thus, the buyer is better off requesting
x ∗ (θ ) which is always accepted by the seller, and the surplus is given by S A = v∗ −c∗ .
Suppose now that λ ≥ λ̄A1 . In this case, the seller does not quit if requested to deliver x̃(θ ) and
the buyer will request the exploitative service. However,
x̃(θ ) is materially inefficient. The parties

∗

c̃−c
A
will renegotiate to x̂ = x ∗ (θ ) if and only if λ ≤ ṽ−v
∗ −1 ≡ λ̄2 .
Lemma 4 below summarizes the analysis of the authority contract.

Lemma 4. If the parties write an authority contract the buyer requests the efficient service
if λ ≤ λ̄A1 . If λ̄A1 < λ ≤ max{λ̄A1 , λ̄A2 } the buyer requests the exploitative service x̃, but the parties
renegotiate to the efficient service x ∗ (θ). If max{λ̄A1 , λ̄A2 } < λ there is no renegotiation and the
seller delivers the exploitative service x̃(θ ). The surplus generated by this contract is given by:
⎧
if λ < λ̄A1 ,
v∗ −c∗
⎪
⎪
⎨
αλ
S AC (λ) = v∗ −c∗ −λ[1+(1−α)(1+λ)](ṽ−v∗ )− 1+λ
(c̃−c∗ ) if λ̄A1 ≤ λ < max{λ̄A1 , λ̄A2 },
⎪
⎪
⎩
ṽ− c̃
if max{λ̄A1 , λ̄A2 } ≤ λ.
Note that a higher degree of loss aversion promotes the exploitation of the seller in an authority
contract because it makes her more reluctant to quit. The generated surplus S AC is continuous in
λ except for the point λ̄A1 , where it has a downward discontinuity.
4.3.3. Comparison of authority and specific performance contracts.
straightforward to compare the two contracts.

It is now

Proposition 7. An authority contract outperforms a specific performance contract if and only
if D(λ) := S AC (λ)−S SPC (λ) > 0, where S SPC (λ) and S AC (λ) are given in Lemmas 3 and 4,
respectively.
(i) If the parties are loss neutral, λ = 0, then both contractual arrangements perform equally
well, D(0) = 0.
20. The equilibrium selection has no qualitative effects on our results. The equilibrium selection only affects the
λ-thresholds discussed further.
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< 0,
∂(c̃−c∗ )

∂D
< 0,
∂(ṽ−v∗ )

∂D
> 0,
∂(v∗ − v)
¯

∂D
> 0.
∂(c∗ − c)
¯
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(ii) If λ is small, the authority contract is strictly optimal, i.e. if 0 < λ < λ̄A1 , then D(·) > 0.
(iii) If λ is large, so that there is no renegotiation of either contract, the authority contract
outperforms the specific performance contract if and only if the efficiency loss due to
abuse is smaller than the efficiency loss due to rigidity, i.e. if λ ≥ max{λ̄A1 , λ̄A2 , λ̄S }, then
D(·) > 0 ⇐⇒ ṽ− c̃ > v− c.
¯ authority
¯
(iv) If λ is intermediate, the
contract is more likely to be optimal the less costly (in
terms of experienced losses due to loss aversion) it is to move from (ṽ, c̃) to (v∗ ,c∗ ), i.e.
the smaller ṽ−v∗ and c̃−c∗ , and the more costly it is to move from (v, c) to (v∗ ,c∗ ), i.e.
the larger v∗ − v and c∗ − c. Formally, if max{λ̄A1 , λ̄S } ≤ λ < max{λ̄A1 , λ̄¯ A2¯}:
¯
¯

This result confirms and extends the original insights of Simon. If λ > max{λ̄A1 , λ̄A2 , λ̄S } so that
neither the authority contract nor the specific performance contract is renegotiated, the comparison
boils down to Simon’s comparison of whether v− c is greater than ṽ− c̃, i.e. whether rigidity or
abuse is more efficient. If λ is small (λ ≤ λ̄A1 ), ¯the¯authority contract implements the first best,
because the seller can credibly threaten to quit if the exploitative good is requested. The specific
performance contract does less well because it requires costly renegotiation. For intermediate
values of λ the crucial question is by how much costs and benefits have to be shifted to reach
efficiency. To see this compare two situations, one in which a specific performance contract
(without renegotiation) yields (v, c) and one where it yields (v−, c−) with  > 0, whereas the
¯ ¯yields (v∗ ,c∗ ). Even though
¯ the specific
¯
materially efficient good always
performance contracts
are equally inefficient in the two situations, it is less costly to renegotiate in the first situation than
in the second. This is because v∗ − v < v∗ −(v−) and c∗ − c < c∗ −(c−), i.e. loss aversion
¯
¯
kicks in more strongly in the second¯case. ¯
4.4.

Price indexation

Suppose that there is a verifiable signal σ that is correlated with the state of the world θ. Is it
possible to improve efficiency by making the payment in the initial contract conditional on this
signal? One of the two main results in Hart (2009) is that indexation can be very useful. By making
the price p̄ conditional on σ it becomes more likely that c(·,θ ) < p̄(σ ) < v(·,θ ), so that parties are
willing to trade voluntarily and costly renegotiation can be avoided. Perhaps surprisingly, this is
not the case in our setup. To show this we return to the modelling assumptions of subsection 3.3
where x ∗ is a continuous function of θ .
Proposition 8. Suppose that Assumption 1 holds and that there exists a verifiable signal σ that
is correlated with the state of the world θ . Making the initially agreed upon price p̄ a function of
σ has no effect on the renegotiation outcome and on the efficiency of the initial contract.
The intuition for this result is simple. In our model, the only role of the initial price p̄ is to
share the available surplus ex ante. Renegotiation is only about x̂ and the markup p̂− p̄ in which
p̄ cancels out. Once the state of the world has materialized and some p̄(σ ) is in place, this p̄(σ )
defines the reference point. Only deviations from the reference point matter, but not the reference
point itself.
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The striking difference to Hart (2009) is due to the fact that Hart considers at-will contracts
in which each party can freely walk away from the contract whereas we consider specific
performance contracts in which preventing the parties to leave is not an issue. Of course, if it was
possible to make the specification of the good contingent on σ this would improve efficiency if it
reduces x̄(σ )−x ∗ (θ ) as compared with x̄ −x ∗ (θ) and thereby the welfare loss due to renegotiation
in expectation. This can be (partially) achieved by a contract that makes the price per unit of output
conditional on an index (say inflation, the exchange rate, or the price of oil) and gives the buyer
the right to choose the quantity of trade ex post. Such a contract is similar to the employment
contract because one party can tell the other party what to deliver, but it is more complex because
the total payment depends on the quantity chosen by the buyer.
The following example shows that such a contract with price indexation can be very beneficial
and may implement the first best if the signal is sufficiently informative. Let x ∈ R+
0 denote the
quantity of trade and let θ = (σ,τ ) be a two-dimensional state of the world, where σ is publicly
observable and verifiable. Assume that c(x,θ ) = c(σ )·x, so that the seller’s cost is perfectly
contractible ex ante. The buyer’s benefit, however, depends on the unverifiable state τ and thus
is not contractible ex ante. This implies that the ex post efficient quantity depends also on τ and
not only on σ and thus is not contractible ex ante. In this case, a contract with price indexation
that gives the buyer the right to decide on the quantity x is very useful. If the contract stipulates
that the price per unit is w(σ ) = c(σ ), i.e p = w(σ )·x, then the buyer will choose
(30)

Thus, this contract implements the first best without renegotiation and there are no feelings of
losses. Note, however, that for price indexation to be beneficial it is crucial that it not only affects
the total payment but also implicitly the quantity (or specification) x that is traded if the initial
contract is not renegotiated.21
5. CONCLUSIONS
This article explores the implications of one important behavioural phenomenon, loss aversion, for
optimal (incomplete) contracting and renegotiation. It shows that loss aversion makes the initial
contract sticky and prevents parties to adjust the contract to the materially efficient allocation.
This inefficiency of renegotiation has important implications for the optimal design of contracts.
In particular, it can explain why people often abstain from writing (beneficial) long-term contracts
or why they write long-term contracts that are obviously inefficient, it can explain under what
conditions the allocation of ownership rights should be used to promote investment incentives
rather than specific performance contracts, and it predicts under what conditions employment
contracts strictly outperform specific performance contracts. Moreover, the model we propose is
simple and tractable and thus can easily be applied to other contracting problems as well.
Throughout the article we posit that the contract directly shapes the reference point by
specifying what would happen if the parties did not renegotiate. We believe that this reference point
formation, which was already proposed by Tversky and Kahneman (1991), is highly plausible
in the context of contract renegotiation. However, as briefly discussed in suhsection 3.5, it could
be argued that the reference point is shaped by the (rational) expectations of the involved parties
21. With the non-verifiable state τ only affecting the buyer’s benefit but not the seller’s cost, an authority contract
where the price depends on the chosen specification of the good (the quantity) can also achieve the first best: the price
is p(x,σ ) = x ·c(σ ) and the buyer can freely choose any x ∈ R+ . This authority contract is equivalent to the contract with
price indexation discussed above.
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about the renegotiation outcomes in different states of the world as in Kőszegi and Rabin (2006).
Investigating the implications of expectation-based loss aversion for incomplete contracting is
an important topic for future research.22
We assume that the contracting parties are sophisticated in that they are aware of their loss
aversion when they write the initial contract. Nevertheless, they continue to weigh gains and
losses differently.23 It would be interesting to extend our model to the case of contracting parties
who are less sophisticated and do not anticipate that loss aversion will distort renegotiation in
the future. If the parties are “naïve” and believe that all future renegotiations will be materially
efficient then they will write contracts that are suboptimal in an additional respect.
Finally, it would be interesting to study the interaction of loss aversion with other behavioural
biases such as concerns for fairness, self-serving biases, and overconfidence that may affect or
create additional reference points. The interaction of these effects and their impact on contracting
is a fascinating topic for future research.
APPENDIX A
A.1. Proofs
Proof of Proposition 1. In case (i), we have v(x̂,θ ) ≥ v(x̄,θ) and c(x̂,θ) ≤ c(x̄,θ ). In this case, there always exists
a set of prices p̂ such that both parties prefer (x̂, p̂) to (x̄, p̄). In particular p̂ = p̄ is an element of this set.
In case (ii), it holds that v(x̂,θ ) > v(x̄,θ ) and c(x̂,θ ) ≥ c(x̄,θ ). The buyer is willing to accept an increase in price if and
only if
v(x̂,θ )−v(x̄,θ )
p̂ ≤ p̄+
.
(A.1)
1+λ
The seller is willing to incur the higher production cost if and only if she is compensated by a higher price p̂ where
p̂ ≥ p̄+(1+λ)[c(x̂,θ )−c(x̄,θ )].

(A.2)

Combining the two inequalities above reveals that there exists a price p > p̄ for x̂ that is acceptable to both parties if and
only if equation (6) holds.
The proof of case (iii) proceeds by similar steps as the proof of case (ii). 
Proof of Proposition 2. The generalized Nash product can be written as follows

α
GNP(p) = v(x̂,θ )−p−λ1 [v(x̄,θ )−v(x̂,θ )]−λ3 [p− p̄]−v(x̄,θ )+ p̄

1−α
× p−c(x̂,θ )−λ4 [p̄−p]−λ2 [c(x̂,θ )−c(x̄,θ )]− p̄+c(x̄,θ )

(A.3)

where
λ3 =

λ if p− p̄ > 0
0 otherwise

λ4 =

λ if p̄−p > 0
0 otherwise

.

Note that GNP(p) is strictly concave and differentiable for all p but p = p̄. Because we consider a given x̂(θ ) it is clear
whether or not λ1 = 0 and/or λ2 = 0. For v ≥ 0 and c ≥ 0 only prices p ≥ p̄ can lead to U S (x̂(θ ),p|θ ) ≥ U S . Thus, in this
case GNP(p) is differentiable for all prices in the relevant range. Moreover, for v ≤ 0 and c ≤ 0 only prices p ≤ p̄ can
lead to U B (x̂(θ ),p|θ ) ≥ U B , and thus GNP(p) is differentiable for all prices in the relevant range. Only for v > 0 and

22. A first attempt in this direction is made by Herweg et al. (2013), where the buyer is expectation-based loss
averse and the seller is a loss-neutral profit-maximizing agent. They show that in the preferred personal equilibrium the
outcome of renegotiation is often sticky and materially inefficient as in the model considered here.
23. The behaviour of the contracting parties in our model is akin to the behaviour of a house owner who is reluctant
to sell his house at a price that is below the price he bought it for, even though he understands that the historic price at
which he bought is bygone and should not affect his decision to sell. Empirically investigating the Boston condominium
market in the 1980s, Genesove and Mayer (2001) provide evidence that the original purchase price has indeed a significant
effect on seller behaviour in line with nominal loss aversion. Moreover, they show that not only owner-occupants but
also professional investors behave in a loss averse fashion.
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c < 0 we need to consider prices p that are higher as well as lower than p̄. (For v ≤ 0 and c ≥ 0 with at least one
inequality being strict renegotiation does not take place.)
Differentiating the GNP with respect to p yields the following first-order condition:

α−1  S
1−α
∂GNP(p)
= 0 ⇐⇒ α(1+λ3 ) U B (x̂,p | θ )−U B
U (x̂,p | θ )−U S
∂p
−α  B
α

U (x̂,p | θ )−U B = 0.
+(1−α)(1+λ4 ) U S (x̂,p | θ )−U S

(A.4)

Downloaded from http://restud.oxfordjournals.org/ at Universitaetsbibliothek der LMU Muenchen on September 28, 2015

Inserting equations (2) and (3) for the utilities in equation (A.4) yields:


α(1+λ3 ) (1+λ4 )[p− p̄]−(1+λ3 )[c(x̂,θ )−c(x̄,θ )]


= (1−α)(1+λ4 ) (1+λ1 )[v(x̂,θ )−v(x̄,θ )]−(1+λ3 )[p− p̄] .

(A.5)

1
Solving for p yields the expressions for p̂(θ), given by equation (9) for the cases (1−α) 1+λ
1+λ v +α(1+λ2 )c ≥ 0 and
2
(1−α)(1+λ1 )v +α 1+λ
1+λ c ≤ 0. Note that the two price formulas coincide for v = 0 and c = 0 the unique case where
both conditions are satisfied with equality. Recall that it is impossible that v ≤ 0 and c ≥ 0 because in this case no
1+λ2
1
renegotiation takes place. Therefore, (1−α) 1+λ
1+λ v +α(1+λ2 )c > 0 implies that (1−α)(1+λ1 )v +α 1+λ c > 0 and

1+λ1
2
(1−α)(1+λ1 )v +α 1+λ
1+λ c < 0 implies that (1−α) 1+λ v +α(1+λ2 )c < 0. Hence, the two cases are disjunct.
1+λ2
1
It remains to analyse the case where (1−α) 1+λ
1+λ v +α(1+λ2 )c < 0 < (1−α)(1+λ1 )v +α 1+λ c . This case can
occur only if v > 0 and c < 0, i.e. if x̂(θ ) is unambiguously better than x̄. By the concavity of GNP(p) it can readily be
shown that


∂GNP(p) 
∂GNP(p) 
> 0 and
< 0.
(A.6)

∂p
∂p 
pp̄

pp̄

Thus, in this case the renegotiated price is p̄, which completes the proof.



Proof of Proposition 3. The proof is decomposed into two steps: First, we analyse the case θ > θ̄ and thereafter the
case θ < θ̄ . The threshold state θ̄ is implicitly defined by ∂v(x̄, θ̄ )/∂x = ∂c(x̄, θ̄ )/∂x if a solution exists—i.e. the resulting
θ̄ ∈ . If a solution does not exist, then θ̄ ∈ {sup{},inf {}}. Precisely, if for all θ ∈  (i) ∂v(·)/∂x > ∂c(·)/∂x, then
θ̄ = inf {} (ii) ∂v(·)/∂x < ∂c(·)/∂x, then θ̄ = sup{} .
Case 1: Suppose θ > θ̄ . First, observe that the parties will never agree upon implementing a good x < x̄ ex post. For
x < x̄ the buyer feels a loss in the good dimension and thus demands a price reduction. The necessary price reduction
making the buyer accepting the contract is higher than the seller’s reduction in costs, because θ > θ̄ . Hence, the parties
either renegotiate to a x > x̄ or agree on performing the initially specified service x̄.
If the parties agree on a x > x̄, then the price has to increase, because the seller incurs higher costs for the new good,
i.e. c(x,θ ) > c(x̄,θ ). This implies that if renegotiation is successful, i.e. x > x̄, then the buyer feels a loss in the money
dimension and the seller feels a loss in the good dimension. The GNP(x,p) in this case is given by:

1−α
α 
GNP(x,p) = v(x,θ )−v(x̄,θ )−(λ+1)(p− p̄) × p− p̄−(λ+1)[c(x,θ )−c(x̄,θ )]
.

(A.7)

If there is an interior solution, then the interior solution is characterized by the following first-order conditions:
α−1  S
1−α
α 
−α


∂GNP
U −U S
(λ+1)+ U B −U B U S −U S
(1−α) = 0,
= 0 ⇐⇒ −α U B −U B
∂p

(A.8)

and

α−1  S
1−α ∂v(x,θ )
∂GNP
= 0 ⇐⇒ α U B −U B
U −U S
∂x
∂x
α 
−α

∂c(x,θ )
(1−α)(λ+1)
− U B −U B U S −U S
= 0.
∂x

(A.9)

Rearranging equation (A.8) yields:
α
U B −U B
.
= (λ+1)
U S −U S
1−α
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Similarly, equation (A.9) can be written as:
1
α ∂v(x,θ )/∂x
U B −U B
=
.
U S −U S λ+1 1−α ∂c(x,θ )/∂x

(A.11)

The first-order conditions (A.10) and (A.11) together imply that
R(x,θ ) ≡

∂v(x,θ )/∂x
= (λ+1)2 .
∂c(x,θ )/∂x

(A.12)
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Note that R(x,θ ) is strictly decreasing in x by Assumption 1. Moreover, limx→∞ R(x,θ ) < 1. Hence, if there are x > x̄
such that R(x,θ ) > (1+λ)2 then there is a unique x at which R(x,θ ) = (1+λ)2 . We denote this solution by x̂ H (θ ). If
R(x,θ) ≤ (1+λ)2 for all x > x̄ then it does not pay-off for the parties to renegotiate the original contract, because this
would lead to losses for the parties that are higher than the net benefit in intrinsic utilities v−c.
For which realizations of the state θ does the optimality condition (A.12) characterize a x̂ H > x̄? Put differently, when
do goods x > x̄ exist such that R(x,θ ) > (1+λ)2 . This is the case if the realized state is sufficiently high, i.e. if θ > θ H ,
with θ H being implicitly defined by R(x̄,θ H ) = (λ+1)2 . Note that x̂ H (θ H ) = x̄ by definition.
We conclude the first step by noting that the parties are indeed better of when x̂ H (θ ) > x̄ is implemented ex post for
θ > θ H . By Proposition 1 x can be implemented ex post if
v(x,θ )−v(x̄,θ ) ≥ (1+λ)2 [c(x,θ )−c(x̄,θ )]
 x
 x
∂v(z,θ )
∂c(z,θ )
dz ≥ (1+λ)2
dz.
⇐⇒
∂x
∂x
x̄
x̄

(A.13)
(A.14)

The above condition is satisfied for x = x̂ H by Assumption 1. Hence, there are prices p ≥ p̄ such that both parties prefer
the new contract with good x̂ H to the initial contract.
Case 2: Suppose θ < θ̄ . This case can be proved by similar reasonings as used in the proof of case 1. We outline only
the few differences. Obviously, if renegotiation is successful, then the parties agree upon a good x < x̄ and a price p < p̄.
The GNP is given by:

α 
1−α
GNP(x,p) = p̄−p−(λ+1)[v(x̄,θ )−v(x,θ )] × c(x̄,θ )−c(x,θ )−(λ+1)(p̄−p)
.

(A.15)

From the two first-order conditions we obtain the following optimality condition which is independent of the price,
R(x,θ ) =

1
.
(1+λ)2

(A.16)

If R(x,θ ) > 1/(1+λ)2 for all x ∈ [0, x̄], then the parties carry out the initial service x̄. Note that limx→0 R(x,θ ) = ∞. Thus,
if there are x < x̄ such that R(x,θ ) < 1/(1+λ)2 , then there is a unique x ∈ (0, x̄) at which R(x,θ ) = 1/(1+λ)2 . We denote
this solution by x̂ L (θ ). The solution is indeed lower than the initially specified good (x̂ L < x̄) if θ is sufficiently low, i.e.
if θ < θ L , implicitly defined by R(x̄,θ L ) = 1/(1+λ)2 . Noting that x̂ L (θ L ) = x̄ by definition completes the second step.
Obviously, for θ = θ̄ the parties cannot benefit from renegotiating the initial contract, which completes the proof. 

Proof of Proposition 4. By Proposition 2 the renegotiated price p̂ is the initial price p̄ corrected by a term that
depends only on λ, x̄, α, and θ . For L(λ, x̄, p̄,α) only |p̂− p̄| plays a role. But in this term p̄ cancels out. Thus, L(·) is
independent of p̄.
Showing that L(λ, x̄, p̄,α) is increasing in λ is equivalent to showing that for any initial contract (x̄, p̄) the surplus
from renegotiation S = U B +U S is decreasing with λ. Two cases have to be distinguished:
(1) Suppose that θ > θ̄ . In this case x̂ ≥ x̄ and p̂ ≥ p̄. Thus,
S = v(x̂,θ )− p̂−λ[p̂− p̄]−v(x̄,θ )+ p̄+ p̂−c(x̂,θ )−λ[c(x̂,θ )−c(x̄,θ)]− p̄+c(x̄,θ )
= [v(x̂,θ )−v(x̄,θ )]−(1+λ)[c(x̂,θ ),−c(x̄,θ )]−λ[p̂− p̄]


1−α
v +α(1+λ)c − p̄
= v −(1+λ)c −λ p̄+
1+λ
=
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Differentiating with respect to λ we get:

⎡
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∂S
α(1+λ)−(1+αλ) 
=
v −(1+λ)2 c
2
∂λ
(1+λ)


∂c ∂ x̂ 1+αλ
∂v ∂ x̂
−2(1+λ)c −(1+λ)2
+
∂x ∂λ
∂x ∂λ 1+λ


1−α
=−
v −(1+λ)2 c
(1+λ)2 


  
≥0

<0

⎤


⎥ 1+αλ
⎢ ∂v
∂c ∂ x̂
⎥
⎢
+⎢
≤ 0.
−(1+λ)2
−2(1+λ)c ⎥

⎦ 1+λ
⎣ ∂x
∂x ∂λ 
  



≤0

(A.18)

>0

=0

∂S
To see that ∂S
∂λ < 0 at λ = 0, note that by Assumption 1 v = 0 if and only if c = 0. Hence, ∂λ = 0 if and only
if v = c = 0. Moreover, Proposition 3 implies that for every θ > θ̄ there exists a λ̄ sufficiently close to 0 such
that for all λ < λ̄ we have v > 0, and the strict inequality holds—i.e. for λ sufficiently close to 0 renegotiation
to a larger x takes place if θ > θ̄ , which implies that v > 0 and c > 0.

(2) Suppose now that θ < θ̄. In this case, x̂ ≤ x̄ and p̂ ≤ p̄. Thus,
S = v(x̂,θ )− p̂−λ[v̂(x̂,θ )−v(x̂,θ )]−v(x̄,θ )+ p̄+ p̂−c(x̂,θ )−λ[p̂−p]− p̄+c(x̄,θ )
= −(1+λ)[v(x̂,θ )−v(x̄,θ )]+[c(x̄,θ ),−c(x̂,θ )]−λ[p̂− p̄]


α
c
= c −(1+λ)v −λ p̄− p̄+(1−α)(1+λ)v +
1+λ
=

1+λ−αλ
[c −(1+λ)2 v ].
1+λ

(A.19)

Differentiating with respect to λ we get:

(1−α)(1+λ)−(1+λ−αλ) 
∂S
=
c −(1+λ)2 v
2
∂λ
(1+λ)


∂v ∂ x̂ 1+λ−αλ
∂c ∂ x̂
−2(1+λ)v −(1+λ)2
+
∂x ∂λ
∂x ∂λ
1+λ

α 
=−
c −(1+λ)2 v
(1+λ)2 


  
⎡

≥0

<0

⎤


⎥ 1+αλ
⎢ ∂c
∂v ∂ x̂
⎥
⎢
+⎢
≤ 0.
−(1+λ)2
−2(1+λ)v ⎥

⎦ 1+λ
⎣ ∂x
∂x ∂λ 
  



≤0
=0

Showing that ∂S/∂λ < 0 at λ = 0 follows the same lines as in the case where θ > θ̄ .

(A.20)

>0



Proof of Corollary 1. First, note that the bounds θ L and θ H do not depend on the distribution. Moreover, for θ < θ̃
we have F1 (θ ) < F2 (θ ) and for θ > θ̃ it holds that F2 (θ ) < F1 (θ ). From the definition of ρ(F) it follows immediately that
ρ(F1 ) < ρ(F2 ). 
Proof of Corollary 2. We have to show that ρ(F,λ) = F(θ L (λ))+1−F(θ H (λ)) is decreasing in λ. We first show
that ∂θ L (λ)/∂λ < 0. By Proposition 3 θ L is implicitly defined by x̂ L (θ L )− x̄ = 0. By the implicit function theorem
∂θ L
∂ x̂ L /∂λ
=− L
.
∂λ
∂ x̂ /∂θ L
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∂v(x̂ L ,θ )
∂x

1
− (1+λ)
2

∂c(x̂ L ,θ )
∂x

∂ x̂ L
=−
∂θ L

= 0. Using the implicit function theorem twice again we get:

∂2v
∂x∂θ

1
− (1+λ)
2

∂2c
∂x∂θ

∂2v
∂x 2

1
− (1+λ)
2

∂2c
∂x 2

> 0,

∂c
2(1+λ)−3 ∂x
∂ x̂ L
=− 2
> 0.
∂
v
1
∂2c
∂λ
− (1+λ)2 ∂x
2
∂x 2

(A.22)

(A.23)
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In both equations, the numerator is positive by Assumption 1, whereas the denominators are negative by Assumption 1.
Thus, ∂θ L /∂λ < 0. By the same line of argument it is straightforward to show that ∂θ H /∂λ > 0. Hence, we get:
∂ρ
∂F ∂θ L ∂F ∂θ H
−
<0 .
=
∂λ 
∂θ 
∂λ 
∂θ ∂λ
 
>0

<0

>0



(A.24)

>0

Proof of Proposition 5. The proof distinguishes three cases.
Case (i) λSC ≤ λ ≤ λ̄: In this case, S SC ≥ S LTC if and only if

(1−π1 )λ




1−α ∗
1−α ∗
(v − v)+[1+α(1+λSC )](c∗ − c) .
(v − v)+[1+α(1+λ)](c∗ − c) ≥ (1−β)λSC
SC
1+λ
1+λ
¯
¯
¯
¯

(A.25)

Inequality (A.25) is obviously satisfied if π1 ≤ β, because λ ≥ λSC . For π1 > β, note that the left-hand side of (A.25) is
strictly positive. The right-hand side approaches zero for λSC → 0. Moreover, the right-hand side is strictly increasing
in λSC and the inequality is violated for λSC = λ. Thus, there exists a threshold λ̂1 so that (A.25) holds if and only if
λSC ≤ λ̂1 < λ.
Case (ii) λSC ≤ λ̄ < λ: In case (ii), we have S SC ≥ S LTC if and only if


1−α ∗
SC
∗
(v
−
v)+[1+α(1+λ
)](c
−
c)
.
(1−π1 )[(v∗ − v)−(c∗ − c)] ≥ (1−β)λSC
1+λSC
¯
¯
¯
¯

(A.26)

Again, the right-hand side is strictly increasing in λSC and approaches 0 for λSC → 0. For λSC = λ̄, inequality (A.26)
simplifies to
(A.27)
(1−π1 )[(v∗ − v)−(c∗ − c)] ≥ (1−β)[(v∗ − v)−(c∗ − c)].
¯
¯
¯
¯
SC
SC
Thus, if π1 ≤ β, then (A.26) holds for all λ ∈ [0, λ̄]. For π > β inequality (A.26) is satisfied if and only if λ is sufficiently
small, i.e. if and only if λSC ≤ λ̂2 < λ̄, where λ̂2 is defined as the λSC for which (A.26) holds with equality.
Case (iii) λ̄ < λSC ≤ λ: Now, S SC ≥ S LTC if and only if β ≥ π1 , which follows directly from a comparison of equations
(18) and (21).
To complete the proof, define λ̂(λ) as follows: For λSC ≤ λ̄, let λ̂(λ) = λ̂1 if λ ≤ λ̄ and λ̂(λ) = λ̂2 if λ > λ̄. For λSC > λ̄,
if β ≤ π1 we have S LTC ≥ S SC for all λ ≥ λSC . For λSC ≥ λ̄ let λ̂(λ) = 0, so that λSC is always greater than λ̂(·). 
Proof of Lemma 1. First, we solve for the buyer’s optimal investment for the two cases; renegotiation and no
renegotiation. Thereafter, we show that renegotiation takes place if and only if λ ≤ λ̄. Finally, we derive the expected
surplus generated by the contract.
Step 1: If λ ≤ λ̄(I) and θ  = θ1 , the parties renegotiate to the materially efficient good x̂ = x ∗ (θ ) at price
p̂ = p̄+

1−α ∗
(v +I − v)+α(1+λ)(c∗ − c) .
1+λ
¯
¯

(A.28)

Thus, the buyer’s expected utility is given by:


1
EU B = v∗ +I − I 2 − p̄−(1−π1 ) (1−α)(v∗ +I − v)+α(1+λ)2 (c∗ − c) ,
2
¯
¯

(A.29)

which is maximized at investment
I CR = π1 +α(1−π1 ) < 1.
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If λ > λ̄(I), the parties do not renegotiate and trade the good x1 at price p̄ in all states. The buyer’s expected utility is given
by:
1
EU B = π1 [v∗ +I]+(1−π1 )v− p̄− I 2 .
(A.31)
2
¯
In this case, the optimal investment is
I CNR = π1 < 1.
(A.32)
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Step 2: Because I CNR = π1 < π1 +α(1−π1 ) = I CR we have λ̄(I CNR ) < λ̄(I CR ). Thus, if λ ≤ λ̄(I CNR ) the buyer
anticipates that there will be renegotiation if θ  = θ1 , so he invests I CR . Similarly, if λ > λ̄(I CR ) the buyer anticipates
that there will be no renegotiation if θ  = θ1 , so he invests I CNR . If, however, λ̄(I CNR ) < λ ≤ λ̄(I CR ) there are two candidates
for the optimal strategy of the buyer. He may invest I CR , which is the optimal investment given that with I CR there will
be renegotiation if θ  = θ1 , or he may invest I CNR which is the optimal investment given that with I CNR there will be no
renegotiation if θ  = θ1 . If he chooses the first strategy and invests I CR , his expected utility is


1
(A.33)
EU B (I CR ,λ) = v∗ +I CR − (I CR )2 − p̄−(1−π1 ) (1−α)(v∗ +I CR − v)+α(1+λ)2 (c∗ − c) .
2
¯
¯
If he follows the second strategy his expected utility is
1
EU B (I CN ,λ) = π1 (v∗ +I CNR )+(1−π1 )v− (I CNR )2 − p̄
¯ 2


1
2
= v∗ +I CNR − I CNR − p̄−(1−π1 ) v∗ +I CNR − v .
2
¯
The buyer prefers the first strategy over the second if and only if


1
1
I CR − (I CR )2 −I CNR + (I CNR )2 ≥ (1−π1 ) (1−α)(v∗ +I CR − v)−(v∗ +I CNR − v)+α(1+λ)2 (c∗ − c) .
2
2
¯
¯
¯

(A.34)

(A.35)

Inserting equations (A.30) and (A.32) into the above inequality and solving for λ yields:

v∗ − v+π1 + α2 (1−π1 )
λ≤
−1 ≡ λ̄.
(A.36)
¯
c∗ − c
¯
Note that λ̄(I CNR ) < λ̄ < λ̄(I CR ). Thus, if λ ≤ λ̄ the buyer prefers to invest I CR and there will be renegotiation if θ  = θ1 ,
while if λ > λ̄ the buyer invests I CNR and there will be no renegotiation if θ  = θ1 .
Step 3: For λ ≤ λ̄ the buyer invests I CR and his expected utility is given by equation (A.33). The seller’s expected
utility amounts to


1−α ∗ CR
EU S = p̄−c∗ +(1−π1 )
(A.37)
(v +I − v)+α(1+λ)(c∗ − c)−λ(c∗ − c) .
1+λ
¯
¯
¯
Thus, total expected social surplus is


1
1−α ∗ CR
ES CR = v∗ −c∗ +I CR − (I CR )2 −λ(1−π1 )
(v +I − v)+(α(1+λ)+1)(c∗ − c) .
2
1+λ
¯
¯

(A.38)

For λ > λ̄ the buyer chooses I CNR and his expected utility is given by equation (A.34). The expected utility of the
seller is
EU S = p̄−π1 c∗ −(1−π1 )c,
(A.39)
¯
and thus expected social surplus is given by:
1
ES CN = π1 [v∗ −c∗ +I CNR ]+(1−π1 )(v− c)− (I CNR )2 .
2
¯ ¯
Combining steps 1–3 completes the proof.

(A.40)



Proof of Lemma 2. Obviously, if the parties rely on asset ownership, the buyer optimally owns A. In this case, the
buyer’s utility is given by:
1−α
(1−α)
1
U B = v∗ +I − p−
(1−β)I −λ
(1−β)I − I 2
1+λ
2
¯ 1+λ
1
= v∗ +I − p−(1−α)(1−β)I − I 2 ,
2
¯
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which is maximized at investment I A = β +(1−β)α. The seller’s utility is
(1−α)(1−β) A ∗
I −c .
U S = p+
1+λ
¯
Thus, the surplus generated by allocating asset ownership is given by
S A = v∗ −c∗ +I A −

1 A 2
λ
−
I
(1−α)(1−β)I A .
2
1+λ

(A.42)



(A.43)
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Proof of Proposition 6. From Lemmas 1 and 2, it follows immediately that ownership rights outperform specific
performance contracts iff D = S A −ES C ≥ 0. We prove the statements of the proposition separately for the cases λ ≤ λ̄ and
λ > λ̄.
Case I (λ ≤ λ̄): In this case, the difference in expected social surplus, DI = S A −ES C , is given by:


1
1
λ
(1−α)(1−β)I A
DI = I A − (I A )2 − I CR − (I CR )2 −
2
2
1+λ
+



λ
1−α ∗
(1−α)(1−π1 )I CR +λ(1−π1 )
(v − v)+[α(1+λ)+1](c∗ − c) .
1+λ
1+λ
¯
¯

(A.44)

Note that DI is continuous in α. Moreover, for α → 1, we have I A → 1 and I CR → 1. Thus, limα→1 DI > 0.
Next, we take the partial derivative of DI with respect to β:
λ
λ
∂DI
= (1−α)−(1−α)I A +
(1−α)I A −
(1−α)2 (1−β)
∂β
1+λ
1+λ
= (1−α)(1−I A )

1
λ
+
(1−α)(α +β −αβ) > 0.
1+λ 1+λ

(A.45)

Taking the partial derivative of DI with respect to π1 yields:
λ
λ
∂DI
= −(1−α)+(1−α)I CR −
(1−α)I CR +
(1−α)2 (1−π1 )
∂π1
1+λ
1+λ


1−α ∗
−λ
(v − v)+[α(1+λ)+1](c∗ − c) .
1+λ
¯
¯

(A.46)

Rearranging the above equation leads to



1
λ
1−α ∗
∂DI
= −(1−α)(1−I CR )
−(1−α)(α +π1 −απ1 )
−λ
(v − v)+[α(1+λ)+1](c∗ − c) < 0. (A.47)
∂π1
1+λ
1+λ
1+λ
¯
¯
Case II (λ > λ̄): In this case, the difference in expected social surplus, DII = S A −ES C , is given by:
1
λ
1
(1−α)(1−β)I A −π1 I CNR −(1−π1 )(v− c)+ (I CNR )2 .
DII = (v∗ −c∗ )(1−π1 )+I A − (I A )2 −
2
1+λ
2
¯ ¯

(A.48)

First, note that DII is continuous in α and that



 1
lim DII = (1−π1 ) (v∗ −c∗ )−(v− c) + 1−π12 > 0.
α→1
2
¯ ¯

(A.49)

Taking the partial derivative of DII with respect to β give us the following expression:
1
λ
∂DII
= (1−α)(1−I A )
+
(1−α)(α +β −αβ) > 0.
∂β
1+λ 1+λ

(A.50)

The partial derivative of DII with respect to π1 is
∂DII
= −[(v∗ −c∗ )−(v− c)]−π1 < 0.
∂π1
¯ ¯

(A.51)

Combining cases I and II establishes that limα→1 D > 0 and that D(·|α,π1 ,λ) is strictly increasing in β. The result
that D(·|α,β,λ) is strictly decreasing in π1 does not follow directly from cases I and II, because the threshold λ̄ is a
function of π1 (but not of β). That is, there can exist a critical π̄1 (λ) implicitly defined by λ ≡ λ̄(π̄1 ,·). Crucially, D is not
continuous at π̄1 , i.e. DI and DII are not equal at λ = λ̄. Note that λ̄ is increasing in π1 . Thus, for small π1 we can have
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π1 < π̄1 (λ), which implies that λ > λ̄, while for high π1 we have π1 ≥ π̄1 (λ), which implies that λ ≤ λ̄. In other words,
D(·) as a function of π1 is given by:
D(π1 |α,β,λ) =

DII (·)
DI (·)

if π1 < π̄1 ;
if π1 ≥ π̄1 .

(A.52)

1−α ∗
(v − v+I CR )+α(1+λ)(c∗ − c)−λ(c∗ − c) > c∗ − c.
1+λ
¯
¯
¯
¯
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Next, we show that D(·) has a downward “jump” at π1 = π̄1 , which establishes the desired result. First, note that the
difference between DI and DII is caused by the expected social surplus generated with a specific performance contract.
Secondly, for π1 = π̄1 we have λ = λ̄. By the definition of λ̄, the buyer is indifferent between his two strategies at this point.
Hence, the discontinuity in expected social surplus of the specific performance contract is due to the seller’s expected
utility. The seller prefers that renegotiation takes place to no renegotiation if and only if
(A.53)

Thus, when equation (A.53) holds at λ = λ̄, then D(π1 |·) has a downward discontinuity at π̄1 . Rearranging inequality
equation (A.53) yields:

v∗ − v+I CR
(A.54)
−1 = λ̄(I CR ).
λ<
¯
c∗ − c
¯
Finally, noting that λ̄ < λ̄(I CR ) completes the proof. 
Proof of Lemma 3. Suppose the parties have written a specific performance contract (x̄, p̄). With probability one
the realized state of the world is such that x ∗ (θ )  = x̄. Thus, by Proposition 2 there is scope for renegotiation if and only if
there exists a p such that
v∗ − v
∗
(A.55)
¯ ≥ p− p̄ ≥ (1+λ)(c − c).
1+λ
¯
Such a price p exists if and only if

v∗ − v
S
λ≤
(A.56)
¯ −1 ≡ λ̄ .
c∗ − c
¯
Hence, if λ ≤ λ̄S , the parties renegotiate and trade the service x ∗ (θ ) at price
p̂S = p̄+

1−α ∗
[v − v]+α(1+λ)[c∗ − c].
1+λ
¯
¯

(A.57)

In this case, the buyer’s utility is U B = v∗ − p̂S −λ[p̂S − p̄] whereas the seller’s utility is U S = p̂S −c∗ −λ[c∗ − c]. If
¯
λ > λ̄S , there is no renegotiation and pay-offs are U B = v−p and U S = p− c. Thus, the total surplus generated by a specific
¯
¯
performance contract is given by:
S SPC =

∗
v∗ −c∗ −λ(1+α(1+λ))[c∗ − c]− λ(1−α)
1+λ [v − v]
¯
¯
v− c
¯ ¯

if λ ≤ λ̄S
.
if λ > λ̄S



(A.58)

Proof of Lemma 4. As shown in the main text—given our equilibrium selection—the seller complies and produces
x̃(θ ) if and only if λ ≥ λ̄A1 . If this is the case, then it is obviously optimal for the buyer to demand x̃(θ ) if renegotiation does
not take place. For λ < λ̄A1 , the seller prefers to quit instead of producing x̃(θ ). In this case, it is optimal for the buyer to
demand good x ∗ (θ ). This is anticipated by the seller, and therefore her reference point in this case is (c∗ , p̄). Note that for
this reference point it is never optimal for the seller to quit, since p̄ ≥ c∗ . Thus, the seller’s reference point is consistent
with what the buyer demands if renegotiation fails. The social surplus generated is S AC = v∗ −c∗ if λ < λ̄A1 .
For λ ≥ λ̄A1 , the buyer demands x̃(θ ) if renegotiation fails in state θ . There is scope for voluntary renegotiation—given
the threat point induced by the buyer’s behaviour—if and only if there is a price p so that
(1+λ)(ṽ−v+ ) ≤ p̄−p ≤

c̃−c∗
,
1+λ

(A.59)

which is the case if and only if λ ≤ λ̄A2 . As tie-breaking rule, we assume here that renegotiation does not take place if
λ = λ̄A2 , i.e. if the parties are indifferent between renegotiation and no renegotiation (has no impact on the results).
Hence, if λ ≥ max{λ̄A1 , λ̄A2 }, good x̃(θ ) is traded. The buyer’s utility is U B = ṽ− p̄ and the seller’s utility is U S = p̄− c̃.
Thus, the social surplus amounts to S AC = ṽ− c̃.
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If λ̄A1 ≤ λ̄A2 , then there are values of λ so that λ̄A1 ≤ λ ≤ λ̄A2 . In these cases, the parties implement x ∗ (θ ) at price
p̂A = p̄−(1−α)(1+λ)(ṽ−v∗ )−

α
(c̃−c∗ )
1+λ

(A.60)

ex post through renegotiation. The buyer’s and the seller’s utility is U B = v∗ − p̂A −λ(ṽ−v∗ ) and U S = p̂A −c∗ −λ(p̄− p̂A ),
respectively. Hence, the social surplus is given by
S AC = v∗ −c∗ −λ[1+(1−α)(1+λ)]−

λ
α(c̃−c∗ ).
1+λ



(A.61)
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Proof of Proposition 7. We prove the statements (i)–(iv) in turn.
(i) If λ = 0, we have S AC = S SPC = v∗ −c∗ .
(ii) If 0 < λ < λ̄A1 , comparing S AC and S SPC directly reveals that D > 0.
(iii) If λ ≥ max{λ̄S , λ̄A1 , λ̄A2 }, then from Lemmas 3 and 4 it follows that D = (ṽ− c̃)−(v− c).
¯ ¯
(iv) If max{λ̄S , λ̄A1 } ≤ λ < max{λ̄A1 , λ̄A2 }, then it holds that
λ
λ
(1−α)(v∗ − v)−λ[1+(1−α)(1+λ)](ṽ−v∗ )−
α(c̃−c∗ ).
D = λ[1+α(1+λ)](c∗ − c)+
1+λ
1+λ
¯
¯
The signs of the partial derivatives follow directly from the above expression.

(A.62)



Proof of Proposition 8. By Proposition 1 the renegotiation set is independent of p̄ and by Proposition 3 the
renegotiation outcome and the renegotiation markup p̂− p̄ is also independent of p̄. Thus, no matter which p̄(σ ) is
in place at the renegotiation stage, the renegotiation outcome is always the same. 
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