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Abstract:

The incentive to call for contract renewal to adjust prices is considered from a bilatera
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
isformulated, 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 inertiamay arise and why the rate of inflation and monetary uncertainty
have real effects.
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1. Introduction

Many transactions take place within aframework of long term contracts. However, actual con-
tracts do not specify actions for al possible future contingencies and leave a significant part of
the terms and duties to future determination (Carlton (1986)). The incentive to enter contractual
relationshipsis 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 ruleswhich 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

pricesin long-term contracts, and is substantial inertiain 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

usualy have afixed wage eventually allowing for mechanic (indexation) wage adjustments at



fixed points in time. However, even such contracts often include reopening clauses allowing
for wage adjustment to deal with exceptional cases (Vroman (1989)). Inertiain 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 anomina 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 theinitia price. Thistheory 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.



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 actua (explicit) contracts are characterized by both parties hav-
ing apossibility of inducing contract renewal, it isrelevant to consider the incentivesto call for

contract renewal from a bilateral point of view.

A bilateral approachis also taken by MaclLeod 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®. MacL eod
and Ma comson (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)). Thein-
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 contractsis

D" On this see also Holden (1995).



in general costly and therefore there are some frictions in renegotiating contracts. Contract
renewa 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
renewa and gives the terms of the incumbent contract aspecial 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-
newa 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 alowing 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 al cases pricerigidity 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 aprincipa (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 aflow payment from the prin-
cipa. 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



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 outside
opportunity (alternative price) available to the two parties to the contract. If the contract is
renewed at timet, the new payment will be w,. By specifying an exogenous outside opportunity,
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 agent
(principd) is when a costly contract renewal should be undertaken to change the current pay-
ment q (-g) to w, (-w;). A smilar problem will ariseif the incentive to call for contract renewal
is driven by internal factors like e.g. changes in productivity?. To focus on the incentives
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 stochasticaly, the question of contract renewal becomes non-trivial. Spe-

2 We express paymentsin present value terms, i . if the flow payment is q’ then q = fe*)“sq’ds = '/, where

A isthe time-invariant discount rate. Similarly for costs. 0

3 Thereby we dso leave out problems arising from attempts to exploit the market power arising from "switching costs”,
see Klemperer (1995).

4 An dternative interpretation of the mode is to interpret w, as a process driving the value of the output produced by
the agent. In this case the andysis carries through if wages are settled in negotiations between the agent and principal such
that the wage is a share n of productivity (nw,), leaving a share (1-n) of output as profits ((1-n)w,).



cificaly, it isassumed that w, evolves according to the following geometric Brownian motion
process

where %lts ;hﬁwtc&pmegtvﬂfo%Wiener process, i.e.

Obvm%d; éc%pgtact renewal is costless the contract would be renewed continuously with
changesin outside opportunities. This is counterfactual. Contract renewal is costly and usualy
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 proportiona to the new payment flow®. Contract
renewal costs are tw, for both the agent and the principal. We assume for a start symmetric

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

Both the principa and the agent have an infinite horizon with a discount rate A. We assume A
> pto 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-
lysisin 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-
tract isclearly one-sided, asit is only attractive if the outside opportunities are more favourable

than the current payment (c, > 1). Similarly assume that the principal demands a contract

9 Assumi ng that costs are independent of the payment flow causes problems in an infinite horizon modd with drift in
the payment flow since it implies counterfactually that the costs of contract renewal relative to the gain from renewa may
approach zero.



renewal when w, reaches cq. The incentive for contract renewal is clearly one sided arising

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

A contract renewd is called by the agent if c,q=w, and by the principal if ¢,q = w,. Denote the
point in time where the agent will call for contract renewa by T, and similarly T, for the
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 afinite 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 isw,, X,(w,), can be expressed in terms of the sum of the expected value

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

The vaueto the pri nci paI of the contract renewal opportunity can similarly be written
+ Xp w

The exg(e%a% va ug of the qo(wtrgct renewal option satisfies (cf. Karlin and Taylor (1981) sec-
tion 15.3) the tou;{w. h@a(sgcqnd(pr% diffarential, ampa}ion

This equg\tlorgpé(ﬁ stra@éﬁt?e%é&nﬁ}@’préta}_ oﬁmce the left hand side according to Ito's

—x—LprP‘ gxtc.q )/LI .
lemma @vésmezexlg ange in the valUe of t e optjon to have a contract renewal while
e (q C\q- rchw AT,< j

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

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



renewal problem.
Solving this second order differential equation yields,

where « B
xj(wt> = mwi W ;

j=AP (1)

The parametersm and n e boundary conditions stating that at the time of
= 1 — i + 1 — i + 2_A' 3
contra:? renegval, the valyelobthe goptract Bmewgi option is equal to the value of contract re-

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

and for)gi\%p&)nu%m ) ﬂ]]ﬂﬂ T,
Imposi Qg @ae anlfgqgm(cﬁgq%&hogsﬂ(l) can be rewritten

whereA cp f]ﬂ[l(‘:A «ﬁ T «:@]]qﬂ“\w‘“ [[l“ « «%}W@ \W}ﬂ]

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-
equilibriato this contract renewal game where each party decides on its optimal critical value

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

Lemma 1:

For any ¢ € [0, 1], there exists a unique best response ¢, € [1,»[ for the agent, where

cemaxl

Proof: See agpen xﬁ&a DE-HA-7)) (@-1)(1-7)
Cp € in( wp }
B-D@-+7)’ @-HPE-@ 1)

For any c, €[[1, «f, there exists g unique b response ¢, € [0, 1] where
o

Existence of a Nash-equilibrium to the contract renewa game is ensured by



Proposition 1: A Nash-equilibrium (c,, c5) exists to the contract renewal game. A sufficient
condition for uniqueness is absence of drift in the outside payment w, (1 = 0).

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 contract

renewal (the smaler ¢;). This shows a strategic complementarity in contract renewal decisions.

Comparing the non-cooperative outcome (C,,G-) to the cooperative outcome (G-, ¢), it is found
that the latter entails a larger region supporting the incumbent contract, i.e. ¢S > c,, ¢S5 < Cp.
Theintuition 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 externdity 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.

of

(a-D)(P-1)(1+7)
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B
(B-D(1+7)

of o

(«-D)(P-D(1-7) («-1)(1-7)

The Nash equilibrium to the contract renewal game implies an interval [c:q, c,q] of inaction
in the sense that as long as the outside opportunity payment remainsin 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 asin 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:  Theequilibrium valuesof ¢, and ¢ are invariant to the realizations of the sto-

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

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 astudy 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:  Theinterval supporting the incumbent payment flow [cz0, c,q] IS not geometri-

cally symmetric around g, i.e. c,C, # 1.

In the case of no drift in the payment flow w, (1 = 0), we have c.c, = (1-1%)*

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

Cp

> 1
CA
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.

Asapoint of reference it is noted that in the case of certainty the critical values would be ¢,
=(1-7) %, &= (1+1)*. Comparing these to the case of uncertainty without drift (u = 0) we find
that the product of the critical levels are the same, i.e. c,C, = C,Cp (COmpare to the unilateral
case, cf. e.g. Dixit (1991)), but the effect of uncertainty is to expand the range implying price
inertig, i.e. ¢, > G, G < ¢ . Theintuition issimply that uncertainty adds to the costs of adjusting

prices since there is an option value of waiting.
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Due to the complexity of the mode it is not possible to obtain analytical results on how the con-
tract renewal problem is affected by the drift parameter (L), the variance (o2, the discount rate
(A) and the cost parameter (t). Accordingly, numerical simulations have been undertaken, and
they are reported in figure 2. All figures are based on abenchmark case where (U= 0, 6% = 0.04,

A =0.1, T =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 isworth 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 isfound 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
caled by one of the partiesis stochastic. This allows usto consider the length of the con-tract
in terms of the expected time to contract renewal which can be written

where J (ﬁt)TA E[W]ch and T = T, if w, = cg. Following Karlin and Taylor (1980) the
expected time to contract renewal satisfies

and thepoundary conditions are given by
E()ZWtY”Jr pw,Y '+ 1 =0



Y(cag) = O

13



14

Figure 2.

Figure 2A. c, and ¢, as afunction of o2 Figure 2B. ¢, and ¢, asafunction of L

Figure 2C. ¢, and ¢, asafunction of A. Figure 2D. ¢, and ¢, as afunction of the cost parameters t.
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Figure 3 shows how the expected contract length depends on the parameters of the contract
renewa problem. The expected contract length is decreasing in the discount rate (1), increasing
in the cost parameter (t) and decreasing in the variance (0%). While the two first results are
straightforward implications of the results found above on the critical values, the latter effect
isnot. A larger variability induces alarger 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 ¢* Figure 3B. The expected length of a contract as a function of .

Figure 3C. The expected length of a contract as afunction of A. Figure 3D. The expected length of a contract as a function of .
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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 renewa costs have been assumed to be symmetric and proportional to the payment
flow. It is easily shown that allowing for both afixed (F;) and a proportional (t;) component in
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 becomes”

and theb undar Qr)ﬁht " 1b:e<%c: q-Fow, A T, <T,
a-F)

S|m|Iar r mg ea?i_(aﬁ;%tj#prmapal, and it is easily seen that a solution of the form (1)
A

A
canbefound. *+E einp((cp(l ~Tp) -1 a-Fylw, A Ty - TA>

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

contract renewal to the agent is thus

® Jtis easily verified that the model can aso be modified such that contract renewal costs are solely born by the party
demanding a contract renewal without changing anything qualitatively.
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and mutat utartdlgﬁor t:]g pra ncql: lgiIQ>|Wt AT, <T AT, < S>

In this case the vali ug&it)ﬁTepé"pthﬁ B rehes)|Yhe Comtract ded)i H_esﬁl@ 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 speciad and redtrictive 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 alow for quantity adjustment. To seethis, 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 m(q) then we get
with bc);(tir@jy:c%«gi.gﬂz&/(c@g com(rdi Iy{/\/\TEfﬂp

Clearly, if V(; > 5 an (\é(&c Lglal q(),)alr |feé\ tr-ll;mfg-ﬁ? he intuition of these conditions

is that the agent should always be better off after an increase in payment taking into account
guantity 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) wherey isincome (net cg‘rfco?trad
ort sup-

renewal costs) and d(e) is disutility of labour, i.e. d () > 0, d.'(€) > 0. Hence, (q(1-7))
oe

>0and u=q(l1-t)e-d(e)

plied fulfil de/(e) =(q(1-7) implying that >
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_ _ employed and
where V. > 0. Let profit be Il = f(en)-g(en+t), where n is the number of agents

f isthe production function (f />0, f” <0), then it follows from profit maximization that II,

<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 g, and there
isonelast possihility for contract renewal with expected value x{ (determined by (1)). The total
value of the current payment and the expected value of the option for contract renewal to the
agentis

The payment to the afgent )Brior to the second to last contract renewal is denoted g,. The total

Yp = G (1-1) + Xy

valueto the agent of the current payment and the expected value of the option of two contract
renewalsis

where x; is the expegted value of the option to have the contract renewed twice.

AT Uy T Xp

The problem of when to exercise the second to last contract renewal is when to replace 2 by
Y i Using that x& isproportiond to ¢, x¢ = kiq, we have §! = q (1-t+k) = q (1-3¢) where)

T4 = T - X5 It isthus seen that the problem of when to exercise the second to last contract

) Notice that this implies that athough the underlying renewal costs are symmetric, the net cost of contract renewa
differs between the agent and the principal, i.e. T - X2 # © - X2.
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renewal isformally equivaent 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 T, and X, respectively as the cost parameter and the expected value of the option to
have the n'th last contract renewal, it isimmediately 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 T, = 1, A sSimilar equation holds for the
Ta = Ta = Xa

principal. Solving for T, and t5 yields

Notice that ch(:\ngej}w _(cgj a{&ect gﬁﬁn ﬂl[}ﬁ%and t Agreby c» and ¢5. The monotone relation-
ship bet\ﬁeen pand M@j@mﬂ@@%ﬂlmd will therefore not necessarily hold in this

case of unlimited contract renewal possibilities.

(5) State Dependent Pay-Offs

The contract problem considered above was a problem of replacing a deterministic payment g
with a stochastic outside payment w,. In genera the pay-off is stochastic both under the existing
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 outsid ortun olves according to
B6 U B RPNl J
The copract rﬁnq;ol@]tprpgew kp1ow when to replace the stochastic pay-off g, (-q,) with the
t w Tt wt W

stochastic pay-off w, (-w,).



21

For the agent we have that the expected value of the option to call for contract renewal can be
written

and similarly for the(

ricipal. }
Xa(Qw) = E g”)n(A:l([\?vt_qt_rwt)|wt’thA<TP) N E(e NP(WT_qT_TWt>|Wt’QtTP<TA>

The boundary conditions are

In aope&mjg(a&i»s gh%iit _tw expected value of the contract renewal option can be written

@ B

W, W,

x(w,q) = mag| —| +nag|—
i) = m, t[ qt] j t( th
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where m; and n; are determined from the boundary conditions. With these modifications the

analysis from section 2 carries through.

5. Macroeconomic Implications

Asthe contract renewal game entails aregion 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 partiesto acall for contract renewal and thus adjustment of the payment only in case of
"large" changesin 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
anomina payment while the price level and therefore the real payment is stochastic. To con-
sder this case, assume that w, is the process driving the inverse of the price level and the real

outside opportunity payment is constant and equal to one (the outside nominal payment Isthus
ensure that
Wi). It is assumed that the outside opportunity is proportional to the price level to

t

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

payment g the real value of whichisr, = qw,. The real payment offered by the contract evolves

according to

The coptract r iIs now when to replace the incumbent and stochastic rea
W TR FRREm P

payment r, with the deterministic outside real payment (= 1).
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It isimmediately apparent that the above-mentioned contract renewal problem fitsinto 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
nomina shocks can have persistent effects. The fact that the interval supporting the initial price
is not (geometricaly) symmetric around 1 (for i = 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 g to c,g. Subsequently the price level hasto fall to ¢, (c,Q)
to induce a downward payment revision. Since c,C, # 1, it follows that there is a path
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 atemporary nominal expansion
which induces an upward nomina wage adjustment can thus have alasting 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 alow level.

Another implication is that monetary uncertainty even in a setting with risk-neutral agents can
have redl effects since larger uncertainty increases the interval supporting the existing payment
thereby strengthening nomind 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 - isthat it causes variability in prices. Thereal contract payment r, = qw, belongs to the

interval [ci', ¢iY]. It is of particular interest to consider how the real payment is affected by
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changes in the drift parameter |, as this corresponds to changes in the underlying rate of
inflation. Asthe 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 paymentr,

we need the steggy state (ergodic) distribution h(r) of contract real payments over the interval
[c, q;lF. Fhis is@éfi‘&gﬂrn appendix D. The mean value of r would correspond to the aggregate
deviation of recg\l payments in an economy with an infinite number of payments settled by
contracts of thisform provided that the synchronization condition of Caplin and Spulber (1987)
requiring that individual prices are distributed over the feasible interval [c,?, c;'] according to

the steady-state distribution h(r).

In figure 4, E(r) is plotted as a function of P2, and it isimmediately apparent that the mean
value of the real payment is affected by the underlying nominal growth rate. The intuition for
thisresult is quite smple. When a contract is renewed, the nominal priceis set such that the rea
price equas 1. In the case of monetary expansion (K, < 0) most nominal price adjustments will
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 (|, > 0). Note that
this result arises despite that price adjustment always reestablishes arelative price of one. This
Is an important difference to the unilateral menu cost models (see e.g. Sheshinski and Weiss
(1977) inwhich case the averagereal priceis also independent of the underlying nominal drift

rate (Tsiddon (1993)).

® Simulations performed for the case of unlimited contract renewals with o, = 0.04 and A = 0.01, T = 0.001.
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It should, however, be stressed that the expected relative price E(r) deviates from unity even
in the absence of nominal drift (u, = 0), E[r] cf. figure 4. In fact it can be shown that E[r] = 1
only if c,-c, = 19, acondition which is only satisfied under special assumptions. This shows

how uncertainty affect price adjustment in a bilateral setting.

Figure 4. Expected real price as afunction of L.

It isthus the case that while both the unilateral menu cost model and the bilateral contract re-
newal mode 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

9 For . = 0, it can be shown that

cy- collog(c,)-log(cy)| - calog(cy)+cplog(cy)
log(c,) - cplog(c,) - 1og(cy) + ¢4 log(cy)

E[r] =

and it is easily verified that E[r] = 1 for c,c, = 1.
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driven by changes in outside opportunities, it has been shown that payments display inertia.
Contract renewa costs prevent continuous payment revisions and the incumbent contract pay-
ment comesto play acrucia role. Thisimplies 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-

tractsin the first place.
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Appendix A: Proof Lemma 1

Deriving the optimal ¢, (c) can be done in one of two ways

1) Solving the first order condition for the maximization of x, (Xp).

2) Imposing a"smooth pasting" condition, see Dixit (1988). Define by Y the value of a
portfolio consisting of the value of the old contract plus x, and by 2 the value of a
portfolio consisting of the new contract. The smooth pasting condition states that

and similarly for the Brinci pal. Note that §r, = c,(1-t,)q and Y = -c(1+7,)q, hence

A oV,
As both m(;glpﬁ? VE yg:elgs thqmmwe: r?(latfpé e stick to the first one as this is most intuitive.
ow L ow L
W, =Cs- d W =Cp' q

Denote by FOC, the derivative of x,(w,) wrt. c, and by FOC; the derivative of X(w,) wrt. Cp.

The agent's (principal’s) choice of ¢, (Cp) isfound by equating FOC, to zero which yields
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The second orderco it ated at the pointsiwhere the first order conditions are satisfied
onorder coponeSifcaft 8 o

aregiven by

The proof of Iﬁ@%@%@m@%ﬂ%ﬂ |6 0

Hence, either c, r
FOC,|; CLP (P D omz)e-f] (- @((H):q) 1)‘(1 . (B1)

A (- 1) 1:;))(1 rA

+ Cp ﬁ[([3 oc)(l c ((1+‘HIR)>] =0

inwhich SOCA assu&&s usthat we have a maximum. Furthermore, thisis the unique value

*

Ca
satisfying F @‘ a%g@CAl)c@OTB&)aII V] ué's)@f CTA) onging to the above interval.

Similarly, it is shown that

Hence, either c*:lor
FOC,| s <050, b b,

and the seco[xd or gerypRgitian; [3 enwrg}a lﬁi@ﬁ% +(Jrﬁ Vaue. (@)
Cp € |—————

"B 1)(1+r) @ )E-DiTy

To save space, we shal not prove each of these statements but ony the first as the proof of the
remaining three follows the same procedure. To prove (Al) insert

in FOCAito obtain o

where 1|J1 |; a(ﬁos% Té»x}\ Def

AN R TR 1L ft )

wherethedorr?awf of xfoIIowsfr M Cg,€ 10,1] and ¢’ > 1. The square bracket of FOC, Ale, -ck
X =cpll-ty) xefo

o-1

may now be written as

Now use that «
b(x) = ( % ] X (o - 1) (1-X)
and o-1
b)) =1, bj—2_| =0
to establish -1/
b/x) = (-7 2| x*x-—2_| <0
Since (-1+1,) < 0 we have. ¢ 1 a-1

b(x) >0 V x € |0,

o-1
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I o
PG, ¢ <0 G- gyt

Appendix B: Proof of Proposition 1

The proof proceeds by considering what happens with the optimal choice of ¢, (cy) for extreme
vauesof ¢, (c,). From lemma 1 and the first order conditions derived in the proof of lemma 1,

it follows

U = Widwal1
the conti mﬁylo%he curves@ﬁtt“ﬁ({&? Al Phadd (e

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

By drawing the reaction curvesirg,(C,, G) diagram using the above end points, it follows from
e g &j I

one intersection. Hence, at least one
the following lemma:

Lemma 2

If u=0, and FOC, =0 for

then FOC,, also equals zero. 1
Cp:Cp) = | Cas
( ) CA(ZI. —rA>(1 +1:P)]
Proof
implying
Insert c, = 1 andc,(l-t,) = 1 in FOC, to obtain FOC, =0
P A A

CA(ZI. - rA>(1 + rp> Cp(l + rp>
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which can be rearranged to read
_ CZ“’1<1 T )06*1(1+,EP>06*1
from which V\@ g 1
oo ifemy e

1
(1—oc)?+oc

11 '3 [(1 oc)+occ(1+1:)]

Multiply W|thlca(1+gg to btal a) ¢
G2 A EL (R
Itfollowsb%: e %%))@%ﬁ tfgiir (1E a)fi)}' Co- | Q.ED.

A
10°C°°(1 oc)1+1: Co+a|Cp 1+1:

~ & fAEl) ) j(“d"P)l)] =0

To proveaun eNash ui Oweo ethat: i) At least one Nash equilibrium
possiienatiiafinyl oo e .

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

Cp)

of equilibria exists, iii) Lemma 2 implies that whenever the reaction curve for c, (or
1

Cp(l -1 A)(l + rp)

X

+

intersects the hyperbolac, = , @ Nash equilibrium exists.

We now show that the reaction curve for c, has at most two intersections with the hyperb‘g{g
1

Cp(l -1 A)(l + rp>

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

hence only one Nash equilibrium for

Proof

c, € 1 ’ o 1 and c, o-1 1 ’ 1
Insert l-t, a-11-1, o l+1, 1l+7,
in FOC,,.

o - 1 _ 1
P CA(l—rA)(1+1:P) CpK

Differentiate twice wrt. ¢, to obtain

which alwayf ISQSQ?SV%C St 2“(CAK +Cy 2“)(1 ~Cal-7,)

We conclude that FOC, is concave in ¢, aong the hyperbola c, =

Cp(l -1 A)(l + rp>

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 Puq 1S the correl atlc(%n coeffici entabetween w and g.
X. X

AX =W, W — + —

M ow Ha’ q aq

Now guess that x; (1:[) is of the form

Inserting in tPe $50 %v&érmmrﬂe?mlapequgyﬁgsﬁ’mg ?hﬁdwgmlny conditions imply a

= 1-b and solving yields

Hence, >
NS e uw—uq_i) 201y
Whereoz—o -20 - 2520004 e §——2 > 52
B O T T | P Gl
2 02 02 2 02

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 aor b is
reached has the following distribution:

where

) - —2oY)
where M@{ﬁfm S@s@ -s@l | ..,
In our case u(wf) US(aHZ 3B caB(Bbw calculate Ef] as

= n)
?‘%V;{ fdo 2(8)
E[] = [ yh(y)dy

l/c,
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