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Abstract:

The incentive to call for contract renewal to adjust prices is considered from a bilateral

perspective in a setting where changes in outside opportunities drive the incentive to renew

contracts and costs preclude continuous renewal. A model encompassing several contract forms

is formulated, and the existence of an equilibrium to the bilateral renewal game is established.

Prices display inertia, and the incumbent contract is found to be more resistant to changes in

outside opportunities, the larger the costs of contract renewal, the variability of outside

opportunities and the lower the discount rate. The model is shown to match a number of

empirical observations on contracts, and in a macroeconomic application of the model it is

shown how nominal inertia may arise and why the rate of inflation and monetary uncertainty

have real effects.
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1. Introduction

Many transactions take place within a framework of long term contracts. However, actual con-

tracts do not specify actions for all possible future contingencies and leave a significant part of

the terms and duties to future determination (Carlton (1986)). The incentive to enter contractual

relationships is thus primarily due to it being a means to establish procedures for adapting ex-

change and resolving disputes in the future (Crocker and Masten (1991)). Hence, rather than

specifying the future terms of the transactions, the contract provides provisions for future ad-

justments. These can either be mechanical rules which link the terms of the contract to external

developments like indexation of contract prices or be conditions for renegotiating or reopening

parts of the terms of the contract.

One particular important aspect is how prices are determined in long term contracts, since fix

price contracts of non-trivial duration are seldom observed. What are the incentives to change

prices in long-term contracts, and is substantial inertia in adjustment bound to develop?

Case studies of markets for intermediary products and raw materials like e.g. natural gas, coal

and petroleum coke (see e.g. Crocker and Masten (1991), Goldberg and Erickson (1987) and

Joskow (1988)) find that transactions are settled by long-term contracts of a duration as long

as fifty years. Although mechanical procedures for adjusting prices are used, one often en-

counter reopening clauses allowing for renegotiation of the terms of trade (eventually contin-

gent on certain conditions being fulfilled). Carlton (1986) also finds a prevalence of long term

contract in product markets as well as substantial inertia in price adjustment. In the labour

market, contracts are usually of a duration between 1 and 5 years. Such long-term contracts

usually have a fixed wage eventually allowing for mechanic (indexation) wage adjustments at
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fixed points in time. However, even such contracts often include reopening clauses allowing

for wage adjustment to deal with exceptional cases (Vroman (1989)). Inertia in wage adjustment

has been documented by Beaudry and DiWardo (1991) among others.

The case of unilateral contract renewal under uncertainty has been extensively analysed in so-

called menu-cost models (see Sheshinski and Weiss (1977, 1983), Danziger (1983, 1984, 1987),

Caplin and Spulber (1987) and Caplin and Leahy (1991)). The setting is a monopolist firm

quoting a nominal price (implicit contract with customers). If market conditions change, price

adjustment is only worthwhile if the gain from so doing outweighs the cost of changing the

price and hence adjustments are only undertaken when the new optimal price deviates suffi-

ciently from the initial price. This theory thus predicts that prices may remain sticky to "small"

shocks while they are adjusted to "large" shocks. Assuming that the optimal price policy takes

a (s,S)-form, it can be shown that inflation implies a downward inflexibility in price adjustment

in the sense that prices tend to be adjusted more in the upward than in the downward direction

(Tsiddon (1991)), and moreover hysteresis can arise (Dixit (1991)).

A parallel problem exists for labour market contracts when these cannot be made fully state

contingent and contract renewal is costly. Under the maintained assumption that labour market

contracts are of fixed duration, the focus has been on the determination of how uncertainty

affects the optimal length of contracts assuming that either the firm or the workers (union)

determine the terms of the contract (Gray (1978) and Dye (1985)). The fact that labour market

contracts tend to be of fixed duration does not, as noted, prevent that the terms of the contract

are renegotiated, and Danziger (1995) shows that reopening of labour contracts is a way to

adapt to large shocks.
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  On this see also Holden (1995).1)

The present paper differs from the abovementioned literature by taking a bilateral approach ex-

plicitly considering the incentives both the buyer and the seller side have to reopen the contract

to adjust e.g. the price. As most actual (explicit) contracts are characterized by both parties hav-

ing a possibility of inducing contract renewal, it is relevant to consider the incentives to call for

contract renewal from a bilateral point of view.

A bilateral approach is also taken by MacLeod and Malcomson (1993) in an analysis of invest-

ment incentives in the presence of long-term contracts. If contract negotiation implies surplus

sharing, there may be insufficient incentives for (specific and general) investments . MacLeod1)

and Malcomson (1993) consider cases where simple contract forms can overcome this problem

and therefore imply efficient investment. The present paper differs from the abovementioned

analysis by focusing on the problem of price adjustment rather than investment in long term

contracts and specifically the problem is how costly contact renewal (switching costs) affects

price adjustment under uncertainty.

Price adjustment in contracts where quantities cannot be changed (in the short run) constitutes

an interesting starting case. Empirical evidence indicates that provisions for price adjustment

are more widespread when the scope for quantity adjustment is modest (Crocker and Masten

(1991)). Moreover, in this setting changing prices may be perceived to be a question of pe-

cuniary redistribution and therefore essentially a zero-sum game (Williamson (1979)). The in-

centives underlying contract renewal should thus be symmetric in the sense that what one party

gains, the other loses. This perception turns out to be misleading as reopening of contracts is
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in general costly and therefore there are some frictions in renegotiating contracts. Contract

renewal demanded by one party thus has a transaction cost externality on top of the pecuniary

redistribution to the other party of the contract. This affects the incentives underlying contract

renewal and gives the terms of the incumbent contract a special role, and may cause asymmetry

in the incentive to adjust prices. Moreover the non-cooperative contract renewal game may have

inefficiencies since an action by one party to call for contract renewal does not take into

account the frictions inflicted on the opponent in terms of contract renewal costs.

The paper is organised in the following way. Section 2 sets up the basic problem of contract re-

newal under uncertainty when fully contingent contracts cannot be signed. The optimal renewal

strategies are derived in section 3. Several extensions of this basic contract renewal problem

are considered in section 4 allowing for asymmetric costs, quantity adjustment, fixed contract

length, unlimited number of contract renewals and state dependent pay-off. A variety of con-

tract forms are thus encompassed by the analysis, and in all cases price rigidity arises due to the

role played by the incumbent price in a setting with uncertainty and transactions costs. The

issue of price adjustment is particularly relevant for macroeconomics and some macroeconomic

implications are considered in section 5, while section 6 concludes.

2. Contract Renewal under Uncertainty

Consider a contract between a principal (P) and an agent (A) stipulating a given flow of services

or actions to be taken by the agent who in turn is compensated by a flow payment from the prin-

cipal. At any point in time there is the possibility that either the principal or the agent may want

to suggest a contract renewal - at a cost - because outside opportunities have changed, that is,

the agent finds that he can receive a better compensation by shifting to another principal, or the
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  We express payments in present value terms, i.e. if the flow payment is , where2)

8 is the time-invariant discount rate. Similarly for costs.

  Thereby we also leave out problems arising from attempts to exploit the market power arising from "switching costs",3)

see Klemperer (1995).

  An alternative interpretation of the model is to interpret w  as a process driving the value of the output produced by4)
t

the agent. In this case the analysis carries through if wages are settled in negotiations between the agent and principal such
that the wage is a share 0 of productivity (0w ), leaving a share (1-0) of output as profits ((1-0)w ).t t

principal perceives that he can replace the agent by another agent willing to accept a lower

payment. Examples of contracts fitting this description are legio including employment

contracts, tenant contracts, delivery contracts etc.

Let q denote the payment  according to the incumbent contract and let w  denote the outside2)
t

opportunity (alternative price) available to the two parties to the contract. If the contract is

renewed at time t, the new payment will be w . By specifying an exogenous outside opportunity,t

we avoid having to go into details about the bargaining procedure which allows us to focus on

the implications of uncertainty and costs for contract renewal . The problem faced by the agent3)

(principal) is when a costly contract renewal should be undertaken to change the current pay-

ment q (-q) to w  (-w ). A similar problem will arise if the incentive to call for contract renewalt t

is driven by internal factors like e.g. changes in productivity . To focus on the incentives4)

underlying price adjustment, the quantities transacted are assumed given (see section 4 for

endogenous quantity determination).

If the outside opportunity was given deterministically, the contract renewal problem would be

trivial and the timing of contract renewal could easily be determined. However, if the outside

opportunities evolve stochastically, the question of contract renewal becomes non-trivial. Spe-
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  Assuming that costs are independent of the payment flow causes problems in an infinite horizon model with drift in5)

the payment flow since it implies counterfactually that the costs of contract renewal relative to the gain from renewal may
approach zero.

cifically, it is assumed that w  evolves according to the following geometric Brownian motiont

process

where dz  is the increment of a Wiener process, i.e.t

Obviously, if contract renewal is costless the contract would be renewed continuously with

changes in outside opportunities.This is counterfactual. Contract renewal is costly and usually

involves both fixed and variable costs.The latter arises through different channels: lawyers' fees

are dependent on the contract sum, stamp duties are often based on the contract sum, the value

of the time used to settle the contract (evaluated at the opportunity wage). These costs are here

subsumed in contract renewal costs which are proportional to the new payment flow . Contract5)

renewal costs are Jw  for both the agent and the principal. We assume for a start symmetrict

costs, and shall latter comment on the extent to which this assumption affects the results.

Both the principal and the agent have an infinite horizon with a discount rate 8. We assume 8

> µ to rule out the trivial case where the parties to the contract are always better off by waiting

and therefore never exercise the option to call a contract renewal (see e.g. Pindyck (1991)).

To see the mechanisms underlying contract renewal consider as a prelude to the general ana-

lysis in section 4 the special case where the contract can only be renewed once. The option of

being able to renew the contract has a value to the contract parties. Assume that the agent de-

mands a contract renewal when w  reaches c q. The incentive for the agent to renew the con-t A

tract is clearly one-sided, as it is only attractive if the outside opportunities are more favourable

than the current payment (c  > 1). Similarly assume that the principal demands a contractA
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renewal when w  reaches c q. The incentive for contract renewal is clearly one sided arisingt P

when the opportunity wage of the agent is lower than the current payment (c  < 1).P

A contract renewal is called by the agent if c q = w  and by the principal if c q = w . Denote theA t p t

point in time where the agent will call for contract renewal by T  and similarly T  for theA P

principal. Both the agent and the principal are risk-neutral. Note that we rule out initial com-

mitments to the payment flow (or its adaption) over the horizon of the contract for the simple

reason that these would not in general be time-consistent given that a switch to the outside

opportunity can be undertaken at any point in time (at a finite cost). It is therefore only relevant

to consider the time-consistent contract renewal strategies.

Consider now the consequences to the agent of a contract renewal. The possibility of a contract

renewal is an asset to the agent if the outside opportunity improves and the agent has the

possibility of raising the payment. Oppositely, the possibility that the principal can call for

contract renewal if outside opportunities deteriorate constitutes a liability to the agent as he will

be worse off in this case. The expected value to the agent of a contract renewal when the

outside opportunity is w , x (w ), can be expressed in terms of the sum of the expected valuet A t

of the asset and the liability component of the option, i.e.

The value to the principal of the contract renewal opportunity can similarly be written

The expected value of the contract renewal option satisfies (cf. Karlin and Taylor (1981) sec-

tion 15.3) the following second order differential equation

This equation has a straightforward interpretation since the left hand side according to Ito's

lemma gives the expected change in the value of the option to have a contract renewal while

the right hand side gives the deterministic pay-off if the contract renewal is exercised imme-

diately. Clearly these two forces have to balance to have a non-trivial solution to the contract
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(1)

renewal problem.

Solving this second order differential equation yields,

where

The parameters m and n  are determined by the boundary conditions stating that at the time ofj j

contract renewal, the value of the contract renewal option is equal to the value of contract re-

newal (value matching condition). For the agent we have

and for the principal

Imposing these boundary conditions, (1) can be rewritten

where ) / c c  - c c  > 0.A P P A
" $ " $

3. The Contract Renewal Game

There is a strategic interaction in contract renewal between the principal and the agent, since

the action to demand contract renewal has consequences to the other part. We look for Nash-

equilibria to this contract renewal game where each party decides on its optimal critical value

c  (j = A, P) given the critical value of the opponent. To this end we needj

Lemma 1:

For any c  0 [0, 1], there exists a unique best response c  0 [1,4[ for the agent, whereP A

For any c  0 [1, 4[, there exists a unique best response c  0 [0, 1] whereA p

Proof: See appendix A.

Existence of a Nash-equilibrium to the contract renewal game is ensured by
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Proposition 1: A Nash-equilibrium (c , c ) exists to the contract renewal game. A sufficientA P
* *

condition for uniqueness is absence of drift in the outside payment w  (µ = 0).t

Proof: see Appendix B.

Figure 1 shows the reaction curves and illustrates the Nash equilibrium. As seen from the figure

the strategic interaction in contract renewal is such that the more hesitant the agent is to demand

contract renewal (the larger c ), the more hesitant will also the principal be in calling a contractA

renewal (the smaller c ). This shows a strategic complementarity in contract renewal decisions.P

Comparing the non-cooperative outcome (c ,c ) to the cooperative outcome (c , c ), it is foundA P A P
* * C C

that the latter entails a larger region supporting the incumbent contract, i.e. c  > c , c  < c .A A P P
C * C *

The intuition is straightforward as there on top on the pecuniary redistribution is a transaction

cost externality of calling a contract renewal. The party calling a contract renewal imposes

transaction costs on the other party. When this externality is internalized, the region of inaction

expands. Even though costs imply price inertia, prices may still be adjusted too frequently due

to the interplay between uncertainty and renewal costs.

Figure 1.
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The Nash equilibrium to the contract renewal game implies an interval [c q, c q] of inactionP A

in the sense that as long as the outside opportunity payment remains in this interval, none of the

parties to the contract have an incentive to call a contract renewal. This interval of inaction

resembles the [s, S]-rules imposed on unilateral adjustment problems as in e.g. the menu cost

models. Although the implications are the same, the region of inaction follows here from a

game between parties having opposite incentives concerning payment revisions.

It is noteworthy that the critical values for contract renewal are path independent as

Corollary 1: The equilibrium values of c  and c  are invariant to the realizations of the sto-A P
* *

chastic variable w , and the size of the incumbent payment flow q.t

Proof: Follows from proof of proposition 1.

The actual payment displays, however, path-dependence. In the absence of contracts the spot

market payment would equal the outside opportunity, while with a fixed payment long-term

contract the payment would be constant over time. In the present setting with long-term

contracts allowing for contract renewal the payment is determined by the highest (lowest)

outside payment in the past if the payment has been revised upwards (downwards). In this sense

extreme market conditions in the past come to determine payments due to the lock-in effect

caused by costly contract renewal. In a study of labour contracts Beaudry and DiWardo (1991)
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find empirical support for wages being positively correlated with the best labour market condi-

tions observed since the worker was hired.

The adjustment turns out to be asymmetric as

Corollary 2: The interval supporting the incumbent payment flow [c q, c q] is not geometri-P A

cally symmetric around q, i.e. c c  … 1.P A

In the case of no drift in the payment flow w  (µ = 0), we have c c  = (1!J )t P A
2 !1

> 1 and hence the non-adjustment region is rightward-skew, i.e.

Proof: Follows from Lemma 2 in Appendix B.

Although the contract renewal problem considered here is set up to be symmetric (payment

changes are a zero-sum game and contract renewal costs are symmetric), it is striking that the

region of no-adjustment is (geometrically) asymmetric.

As a point of reference it is noted that in the case of certainty the critical values would be c̄A

= (1!J) , c̄  = (1+J) . Comparing these to the case of uncertainty without drift (µ = 0) we find!1 !1
P

that the product of the critical levels are the same, i.e. c c  = c̄ c̄  (compare to the unilateralA P A P

case, cf. e.g. Dixit (1991)), but the effect of uncertainty is to expand the range implying price

inertia, i.e. c  > c̄ , c  < c̄ . The intuition is simply that uncertainty adds to the costs of adjustingA A P P

prices since there is an option value of waiting.
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Due to the complexity of the model it is not possible to obtain analytical results on how the con-

tract renewal problem is affected by the drift parameter (µ), the variance (F ), the discount rate2

(8) and the cost parameter (J). Accordingly, numerical simulations have been undertaken, and

they are reported in figure 2. All figures are based on a benchmark case where (µ = 0, F  = 0.04,2

8 = 0.1, J = 0.05), and one parameter is then changed in each experiment.

The simulations show that an increase in the cost parameter enlarges the band supporting the

existing contract payment as the critical level increases for the agent, and decreases for the

principal. It is worth pointing out that although both the agent and principal are assumed to be

risk-neutral, the contract renewal problem is affected by risk. The reason is simply that the

value of waiting to have a contract renewal depends on the variability of outside opportunities.

It is found here that an increase in the variance enlarges the interval supporting the initial price.

This  reflects that the possibility of extreme values becomes larger, i.e. the value of waiting

increases and therefore the interval supporting the initial contract payment expands. A higher

discount factor reduces the gains from waiting and therefore the critical level decreases for the

agents and increases for the principal. It is found that both critical values are increasing in the

drift parameter.

The contract renewal problem implies that the point in time at which contract renewal will be

called by one of the parties is stochastic. This allows us to consider the length of the con-tract

in terms of the expected time to contract renewal which can be written

where T = T  if w  = c q and T = T  if w  = c q. Following Karlin and Taylor (1980) theA t A P t P

expected time to contract renewal satisfies

and the boundary conditions are given by
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Figure 2.

Figure 2A. c  and c  as a function of F Figure 2B. c  and c  as a function of µ.A P A P
2

Figure 2C. c  and c  as a function of 8.     Figure 2D. c  and c  as a function of the cost parameters J.A P A P
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Figure 3 shows how the expected contract length depends on the parameters of the contract

renewal problem. The expected contract length is decreasing in the discount rate (8), increasing

in the cost parameter (J) and decreasing in the variance (F ). While the two first results are2

straightforward implications of the results found above on the critical values, the latter effect

is not. A larger variability induces a larger interval supporting the initial payment, cf. above,

and this tend to lengthen the time to contract renewal. However, the likelihood of having a con-

tract renewal increases as the variance increases, and this tends to reduce the time to contract

renewal. The latter effect dominates such that the expected contract length is decreasing in the

variance. For the drift parameter we find a non-monotone relationship with the longest expected

duration in the case of zero drift. This is intuitive as the drift term implies an underlying

deterministic trend in outside opportunities which is bound to release a contract renewal.

These predictions are in accordance with empirical analysis of contract duration in labour

markets in which it is found that contract length is decreasing in uncertainty, decreasing in

inflation and increasing in contracting costs (Vroman (1989), Murphy (1992)).

Finally, it should be pointed out that these findings have implications for empirical work on

long-term contracts. Finding that contracts are never or only rarely renewed cannot be taken as

evidence that the terms of the contract are irrevocably fixed since it may reflect that no severe

shocks have taken place so as to induce contract renewal. The contract renewal option works

as an escape clause which is more relevant the more variable, the larger the absolute drift, the

smaller the contract renewal costs and the more patient the parties to the contract are.
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Figure 3.

Figure 3A. The expected length of a contract as a function of F     Figure 3B. The expected length of a contract as a function of µ.2

Figure 3C. The expected length of a contract as a function of 8. Figure 3D. The expected length of a contract as a function of J.
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  It is easily verified that the model can also be modified such that contract renewal costs are solely born by the party6)

demanding a contract renewal without changing anything qualitatively.

4. Extensions

The contract renewal problem considered so far builds on a number of simplifying assumptions

and it is consequently of interest to analyse whether the model is robust to generalizations. This

turns out to be the case, and we present the extensions of the basic model in order of increasing

complexity.

(1) Contract renewal costs

The contract renewal costs have been assumed to be symmetric and proportional to the payment

flow. It is easily shown that allowing for both a fixed (F ) and a proportional (J ) component inj i

renewal costs (j = A,P) possibly differing between the agent and the principal do not change

anything qualitatively as the value of contract renewal for the agent becomes6)

and the boundary conditions become

Similar reasoning applies to the principal, and it is easily seen that a solution of the form (1)

can be found.

(2) Fixed Contract Length

As mentioned in the introduction, some contracts - notably in the labour market - have the pro-

perty of being finite in length but allowing for renegotiating of the terms of the contract in

unusual circumstances. Denote the point in time when the contract expires by S. The value of

contract renewal to the agent is thus
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and mutatis mutandis for the principal.

In this case the value of the option to renew the contract declines the closer we get to the point

in time when the contract expires. The intuition is simply that the period in which the gains

from contract renewal can be reaped gets smaller the shorter the remaining life time of the

contract. The value of waiting is declining, but the period over which contract renewal costs can

be regained is also declining. It is thus ambiguous whether the incentive to call for contract

renewal decreases or increases the closer we get to S.

(3) Quantity Adjustment

A special and restrictive feature of the contract problem considered in section 2 is that only pay-

ments can be changed while quantities (implicitly) are assumed to be invariant. The problem

can easily be modified to allow for quantity adjustment. To see this, return to the expression

giving the expected value of contract renewal for the agent. Define an indirect utility function

for the agent V(q) depending on the payment net of transactions costs, and similarly for the

principal B(q) then we get

with boundary conditions changed accordingly.

Clearly, if  > 0 and  < 0, the analysis carries through. The intuition of these conditions

is that the agent should always be better off after an increase in payment taking into account

quantity responses, while the principal should be worse off. A simple example fitting into this

problem is a utility function for an agent reading u = y - d(e) where y is income (net of contract

renewal costs) and d(e) is disutility of labour, i.e. . Hence, 

effort sup-

plied fulfil  implying that  and  
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  Notice that this implies that although the underlying renewal costs are symmetric, the net cost of contract renewal7)

differs between the agent and the principal, i.e. J - x  … J - x .A P
1 1

where . Let profit be A = f(en)-q(en+J), where n is the number of agents 
employed and

f is the production function ( ), then it follows from profit maximization that Aq

< 0.

(4) Unlimited Contract Renewals Possibilities

So far it has been assumed that contract renewal only can take place once. An assumption

which is clearly restrictive when agents have an infinite horizon as in the base model. We shall

now show that the model can easily accommodate the case where the number of possible con-

tract renewals is unrestricted and therefore potentially infinitely large.

Suppose that the agent has just undertaken a contract renewal yielding a payment q  and there1

is one last possibility for contract renewal with expected value x  (determined by (1)). The totalA
1

value of the current payment and the expected value of the option for contract renewal to the

agent is

The payment to the agent prior to the second to last contract renewal is denoted q . The total2

value to the agent of the current payment and the expected value of the option of two contract

renewals is

where x  is the expected value of the option to have the contract renewed twice.A
2

The problem of when to exercise the second to last contract renewal is when to replace R  byA
2

R . Using that x  is proportional to q , x  = k q , we have R  = q  (1-J+k ) = q (1-J ) whereA A 1 A A 1 A 1 A 1 A
1 1 1 1 1 1 1 7)

J  / J - x . It is thus seen that the problem of when to exercise the second to last contractA A
1 1
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renewal is formally equivalent to the problem of when to exercise the last contract renewal, the

only difference is a reinterpretation of the cost parameter. Applying this method recursively

defining J  and x  respectively as the cost parameter and the expected value of the option toA A
n n

have the n'th last contract renewal, it is immediately apparent that the problem can be applied

to the case of infinite contract renewal possibilities.

In the limit we have

where x  denotes the value of x  evaluated for J  = J . A similar equation holds for theA A A A
4 4

principal. Solving for J  and J  yieldsA P
4 4

Notice that changes in µ will affect x  and x  and thereby c  and c . The monotone relation-A P A P
4 4 4 4

ship between µ and c  (c ) found for the base model will therefore not necessarily hold in thisA P

case of unlimited contract renewal possibilities.

(5) State Dependent Pay-Offs

The contract problem considered above was a problem of replacing a deterministic payment q

with a stochastic outside payment w . In general the pay-off is stochastic both under the existingt

contract and after contract renewal. We shall show that the model can be modified to cope with

this situation.

Assume that the pay-off under the existing contract q is stochastic and evolves according to

while the outside opportunity evolves according to

The contract renewal problem is now when to replace the stochastic pay-off q (!q ) with thet t

stochastic pay-off w  (!w ).t t
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For the agent we have that the expected value of the option to call for contract renewal can be

written

and similarly for the principal.

The boundary conditions are

In appendix C it is shown that the expected value of the contract renewal option can be written



drt ' µ r rtdt % Fr rt dzr

1

wt
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where m  and n  are determined from the boundary conditions. With these modifications thej j

analysis from section 2 carries through.

5. Macroeconomic Implications

As the contract renewal game entails a region of no-action, the model holds the potential of ex-

plaining rigidity of real and nominal prices. The intuition is that there is an incentive for one

of the parties to a call for contract renewal and thus adjustment of the payment only in case of

"large" changes in the state of nature. Moreover, the model implies that the no-action region is

asymmetric around the incumbent price, and hysteresis arises in adjustment as current payments

are affected by past (extreme) market conditions.

The question of nominal rigidities has been devoted extensive attention in the literature. The

model can easily be modified to address this question by assuming that the contract stipulates

a nominal payment while the price level and therefore the real payment is stochastic. To con-

sider this case, assume that w  is the process driving the inverse of the price level and the realt

outside opportunity payment is constant and equal to one (the outside nominal payment is thus

). It is assumed that the outside opportunity is proportional to the price level to 
ensure that

no nominal rigidities are built into the model by assumption. The contract offers a nominal

payment q the real value of which is r  = qw . The real payment offered by the contract evolvest t

according to

The contract renewal problem is now when to replace the incumbent and stochastic real

payment r  with the deterministic outside real payment (/ 1).t
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It is immediately apparent that the above-mentioned contract renewal problem fits into the set-

up of section 4.5. Moreover, as section 4.3 shows how quantity adjustments can be incorpo-

rated, this implies that nominal neutrality is broken, i.e. nominal prices do not adjust instan-

taneously and quantities are affected by nominal changes. It is an immediate implication that

nominal shocks can have persistent effects. The fact that the interval supporting the initial price

is not (geometrically) symmetric around 1 (for µ = 0) has a particularly interesting implication

for the dynamic adjustment process. Assume that the price level increases so as to induce an

upward payment adjustment from q to c q. Subsequently the price level has to fall to c  (c q)A P A

to induce a downward payment revision. Since c c  … 1, it follows that there is a pathA P

dependence in the nominal payment in the sense that the nominal payment prevailing at a given

price level (and thus the real payment) depends on the history of the price level. The path-

dependence in nominal payments leads to paradoxical results as a temporary nominal expansion

which induces an upward nominal wage adjustment can thus have a lasting contractionary effect

by locking nominal wages at a high level. Oppositely, a temporary monetary contraction can

have a lasting expansionary effect by locking nominal wages at a low level.

Another implication is that monetary uncertainty even in a setting with risk-neutral agents can

have real effects since larger uncertainty increases the interval supporting the existing payment

thereby strengthening nominal rigidities. At the same time expected contract duration falls and

this induces more frequent payment adjustments.

One consequence of inflation - and possibly one of the reasons why it is considered to be a

problem - is that it causes variability in prices. The real contract payment r  / qw  belongs to thet t

interval [c , c ]. It is of particular interest to consider how the real payment is affected byA P
-1 -1
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  Simulations performed for the case of unlimited contract renewals with F  = 0.04 and 8 = 0.01, J = 0.001.8)
r

changes in the drift parameter µ  as this corresponds to changes in the underlying rate ofr

inflation. As the problem is set up, the real payment in the spot market is constant (normalized

to unity) and thus unaffected by nominal changes.

In order to calculate the mean value of the real contract payment r,

we need the steady state (ergodic) distribution h(r) of contract real payments over the interval

[c , c ]. This is derived in appendix D. The mean value of r would correspond to the aggregateA P
-1 -1

deviation of real payments in an economy with an infinite number of payments settled by

contracts of this form provided that the synchronization condition of Caplin and Spulber (1987)

requiring that individual prices are distributed over the feasible interval [c , c ] according toA P
-1 -1

the steady-state distribution h(r).

In figure 4, E(r) is plotted as a function of µ , and it is immediately apparent that the meanr
8)

value of the real payment is affected by the underlying nominal growth rate. The intuition for

this result is quite simple. When a contract is renewed, the nominal price is set such that the real

price equals 1. In the case of monetary expansion (µ  < 0) most nominal price adjustments willr

be upward and the real price of the contract will on average have been eroded until the contract

is renewed thereby yielding E[r] < 1 and vice verse for monetary contraction (µ  > 0). Note thatr

this result arises despite that price adjustment always reestablishes a relative price of one. This

is an important difference to the unilateral menu cost models (see e.g. Sheshinski and Weiss

(1977) in which case the average real price is also independent of the underlying nominal drift

rate (Tsiddon (1993)).
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  For µ  = 0, it can be shown that9)
r

and it is easily verified that E[r] = 1 for c c  = 1.A P

It should, however, be stressed that the expected relative price E(r) deviates from unity even

in the absence of nominal drift (µ  = 0), E[r] cf. figure 4. In fact it can be shown that E[r] = 1r

only if c ·c  = 1 , a condition which is only satisfied under special assumptions. This showsA P
9)

how uncertainty affect price adjustment in a bilateral setting.

Figure 4. Expected real price as a function of µ .r

It is thus the case that while both the unilateral menu cost model and the bilateral contract re-

newal model cause money to be non-neutral, the latter also has that the underlying nominal drift

rate matters (super non-neutrality) as well as effects of monetary uncertainty on relative prices.

6. Concluding Remarks

In a bilateral contract renewal problem in which the incentive to call for contract renewal is
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driven by changes in outside opportunities, it has been shown that payments display inertia.

Contract renewal costs prevent continuous payment revisions and the incumbent contract pay-

ment comes to play a crucial role. This implies among other things path dependence in payment

and nominal rigidities.

Although the findings have been shown to be robust to various modifications of the contract re-

newal problem, the model remains in a number of respects stylized. An important issue for

future research would be to combine the question of payment adjustment with the problem of

long term investment which is at the root of explaining why there is an incentive to enter con-

tracts in the first place.
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Appendix A: Proof Lemma 1

Deriving the optimal c  (c ) can be done in one of two waysA P

1) Solving the first order condition for the maximization of x  (x ).A P

2) Imposing a "smooth pasting" condition, see Dixit (1988). Define by R  the value of aA
1

portfolio consisting of the value of the old contract plus x  and by R  the value of aA A
0

portfolio consisting of the new contract. The smooth pasting condition states that

and similarly for the principal. Note that R  = c (1-J )q and R  = -c (1+J )q, henceA A A P P P
0 0

As both methods yields the same results, we stick to the first one as this is most intuitive.

Denote by FOC  the derivative of x (w ) wrt. c  and by FOC  the derivative of  x (w ) wrt. c .A A t A P P t P

The agent's (principal's) choice of c  (c ) is found by equating FOC  to zero which yieldsA P A
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(A1)(B1)

(C1)(D1)

The second order conditions evaluated at the points where the first order conditions are satisfied

are given by

The proof of lemma 1 proceeds by showing that

Hence, either c  = 1 orA
*

in which case SOC  assures us that we have a maximum. Furthermore, this is the unique valueA

satisfying FOC  as SOC  < 0 for all values of c  belonging to the above interval.A A A

Similarly, it is shown that

Hence, either c  = 1 orP
*

and the second order conditions ensure a unique maximum value.

To save space, we shall not prove each of these statements but ony the first as the proof of the

remaining three follows the same procedure. To prove (A1) insert

in FOC  to obtainA

where R  is a positive term. Define1

where the domain of x follows from c  0 [0,1] and  > 1. The square bracket of P

may now be written as

Now use that

and

to establish

Since (-1+J ) < 0 we haveA
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Appendix B: Proof of Proposition 1

The proof proceeds by considering what happens with the optimal choice of c  (c ) for extremeA P

values of c  (c ). From lemma 1 and the first order conditions derived in the proof of lemma 1,P A

it follows

By drawing the reaction curves in a (c , c ) diagram using the above end points, it follows fromA P

the continuity of the curves that they must have at least one intersection. Hence, at least one

Nash equilibrium exists. Uniqueness can be proven in the case of zero drift, i.e. µ = 0 by using

the following lemma:

Lemma 2

If µ = 0, and FOC  = 0 forA

then FOC  also equals zero.P

Proof

Insert  and  in FOC  to obtain FOC  = 0 A A

implying
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which can be rearranged to read

from which we get

Multiply with c (1+J ) to obtainP P

It follows that FOC  = 0. Q.E.D.P

To prove a unique Nash equilibrium for µ = 0 we observe that: i) At least one Nash equilibrium

exists, ii) Furthermore it follows from the end points of the reaction curves that an odd number

of equilibria exists, iii) Lemma 2 implies that whenever the reaction curve for c  (or A

c )P

intersects the hyperbola c  = , a Nash equilibrium exists.A

We now show that the reaction curve for c  has at most two intersections with the hyperbolaA

c  = , and it then follows from i) and ii) that there is only one intersection. A

and

hence only one Nash equilibrium for

Proof

Insert

in FOC .A

Differentiate twice wrt. c  to obtainA

which always is negative.

We conclude that FOC  is concave in c  along the hyperbola c  =  andA A A

therefore is zero at most twice.
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Appendix C: State Dependent Pay-off

In this case the contract renewal option satisfies

where D  is the correlation coefficient between w and q.wq

Now guess that x (q,w) is of the formj

Inserting in the second order differential equation, using that the boundary conditions imply a

= 1-b and solving yields

Hence,

where F  = F  + F  - 2D F F  and µ  < 8.2 w q wq w q q
2 2

Q.E.D.

Appendix D: Calculation of E(r)

Derivation of the ergodic distribution of X. Following Karling & Taylor (1981, p. 261), a sto-

chastic process y, regulated in the interval [a,b] with return point y  when either a or b is0

reached has the following distribution:

where

where

In our case µ(w) = µw and F  = F w . We can now calculate E[r] as2 2 2
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