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Abstract

Persistent real effects of nominal shocks is considered in an intertemporal macromodel with
capital accumulation and staggered nominal wage contracting. By placing the contracting
processin asetting of imperfect competition it becomes possible to avoid the standard problem
that intertemporal business cycle models generate plausi ble business cyclefluctuations only by
assuming implausible large labour supply elasticities. It is shown that nominal shocks can have
persistent real effects and that nominal propagation via staggered nominal wage contracts
substantially strengthensthe persistency in the adjustment processfor real output caused by real
mechanisms like capital accumulation.
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1. Introduction

What role do nominal demand shocks play for business cycles? An important question of wide
policy implications, but despite a continuous stream of new theoretical and empirical analyses,
it remains an open question on which it is difficult to reach consensus.

For nominal shocksto play any real roleit is necessary to break the classical neutrality result,
that is some nominal rigidity is required. A voluminous literature has explored the extent to
which imperfect information and adjustment costs can generate nominal stickiness of aggregate
importance (for asurvey seee.g. Andersen (1994)). Whilethe literaturefirst explored the basic
mechanismsin partial model sthere hasrecently been agrowing literature placing these aspects
inageneral equilibrium setting and thereby putting the issuein amore genuine business cycle
perspective.

Finding that nominal shocks can have important impact effectsisonly half of the story. Persist-
ency in output adjustment is a crucial property of observed business cycle fluctuations and a
convincing theory attributing an important role to nominal shocks needs also to be consistent
with persistency in output fluctuations.

If a (unanticipated) monetary shock has an impact effect it would be propagated as real shocks
viathe (real) propagation mechanism running through capital accumulation, intertemporal sub-
stitution and various kinds of adjustment lags or costs. That is, if output istemporary high, this
will activate these mechanisms no matter whether theimpulseisrea or nominal inorigin. This
is brought out by the analysisin e.g. Bénassy (1995). This raises, however, a severe problem
as the internal propagation mechanism is rather weak in the dynamic macromodels which
hitherto have been analysed (see e.g. Cogley and Nason (1995)). Accordingly, the processes
for real shocks have been specified in such away as to include substantial persistence, that is,
one has to bring in external sources of dynamics in order to replicate observed output dyna-
mics. However, this will not do the trick for monetary shocks given the important difference
between nominal and real shocks arising from the fact that it is only the unanticipated part of
the former which have real effects, while even fully anticipated real shocks have real effects'.
This reflects that any model based on first principles has the classical neutrality property asa
long-run property. Though thisstill leaves open how decisions depend on anticipations and how
agents form their anticipations and what information they have access to.

! Disregarding super non-neutralities. Attemptsto quantify e.g. theinflation tax (see e.g Cooley and Hansen (1995)) has
shown this to have a very modest effect.



Considering the impul se response functions to nominal shocks reveal that monetary shocks do
not contribute in any significant way to output dynamics as they only have atemporary output
effect (seee.g. Hairault and Portier (1993), Cooley and Hansen (1995), Ohanian et al.(1996)).
Thisreflects that the internal propagation mechanism is too weak, a problem both for theories
stressing real and nominal shocksasdriving the businesscycle. Thereisthusaneed to consider
propagation mechanisms further.

Could nominal inertiain itself be an important propagation mechanism? In a semina paper
Taylor (1980) argued that staggered wage setting could account for the observed persistency
in output fluctuations in the US even for contracts lasting for as short as one year. The frame-
work can be seen as amodified Philips curve in which nominal wage setting depends not only
on an excess demand variable (captured by an output gap measure) but also on past and future
wage rates to capture that current wages overlap with wages set in the past as well as with
wages to be set in the future. This model has motivated a huge literature exploring the conse-
guences of staggering of wages and prices (see e.g. Blanchard (1983,1986)). Thereisalso a
growing literature introducing staggered nominal contracts in explicit dynamic macromodels
(Chari et a. (1996), Yun (1996), Erceg (1997), Jeanne (1997) and Ascari (1997)).

Theexplanatory power of staggered wage and price setting hasrecently been questioned ontwo
grounds. First, it has been pointed out that the Taylor model cannot explaininflation inertiaand
that is has the implausible implication that a credible disinflation programme can be imple-
mented at no output costs (Fuhrer and Moore,1995). Secondly, it has been pointed out that the
elasticity of labour supply with respect to the real wage is critical to the persistency result and
for plausible values of this parameter the model is not capable of generating persistency(Chari
et al, 1996).

In Andersen (1997) it isshown that thereisaqualitative difference between the dynamicimpli-
cations of price and wage staggering. While the former need not generate persistency, the latter
always does so. The basic difference between the two isthat a price staggering model implies
that business cycles are movements up and down the labour supply curve, while wage stag-
gering essentially makesit movements up and down the labour demand curve. Asempirical evi-
dencegenerally findslabour supply to befairly inelastic (see eg Pencavel (1986)), itisinherent-
ly difficult to base a business cycle story on movements up and down the labour supply curve.
A primary aim of this paper isthusto build an explicit intertemporal model with wage stagger-
ing which does not haveto rely on afairly elastic labour supply. Based on thisthe analysis pro-
ceeds to investigate how real and nominal propagation mechanisms interact.



The paper is organized as follows. Section 2 sets up the intertemporal model with staggered
wage contracts, section 3 solves the model for a specific process for the money supply, while
section 4 interprets the dynamic properties of the system. Finaly, section 5 offers a few
concluding comments.

2. An Intertemporal Model with Wage Staggering?

Thereisonetype of output produced by competitive firms by use of labour and capital. House-
holds supply labour and there are N types of labour. The output priceis denoted P and the wage
for labour of typej isdenoted W(j) (j = 1... N).

The economy hastwo assets, one nominal (money) with zero nominal return and onereal (capi-
tal) with real rate of returnr,. Money is needed for transactions purposes and thus provides a
liquidity service. Using the equivalenceresult of having liquidity costsin the budget constraint
or real balancesin the (indirect) utility function allows a considerable simplification (Feenstra
(1986)).

Households
The representative household has a utility function given by
¥ 6 M, v
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where p is the subjective time preference, C denotes consumption, M money holdings, P the
pricelevel and L workingtime (< L). It followsthat labour is supplied inelastically at the (real)
reservation price .

The temporary budget constraints read
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TheLHSof (2) showsthat availableresourcesare absorbed by consumption, holdings of money
or real investments (1,). The RHS shows that resources arise from labour income, the return on
real capital investments, initial money holdings and transfers from the government. It is
assumed that transfers depend on initial money holdings such that

2 Themodel structure builds on Bénassy (1995).
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where 4, has the interpretation as one plus the period t growth rate of the money stock.

Maximizing the expected utility taking prices, the rates of return and income as given, we get

1
c,
|, =r1E, (I lem)
P & m..P 0
It:q_t'l'rEth t+1 S
M, P 9

where A, is the Lagrange multiplier associated with the temporary budget constraint (2).

Firms
The representative price-taking firm produces subject to a Cobb-Douglas technology

Y. =ZK?®® O<a<l O0O<b<l a+bfl
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where Z, isatechnology parameter, K, the capital stock and L, acomposite labour input defined
as
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where L (j) istheinput of labour typej (j = 1,2 ....N).

All profits are distributed to households on top of wage income and the return to real capital.
The capital stock in period t+1 isrelated to the capital stock in period t and investments (1,) as

5
Ky = KtGg—t+ G¢>0 Gt 0

where the G(-) captures adjustment costs (cf Hercowitz and Sampton (1991)). Assuming the
following ssmple form for the adjustment cost function
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we get®

K., = Ki°I7, O<d<1

The firm is awage and price-taker. To characterize its decisions, it is useful first to consider
the minimum costs at which a quantity L, of the composite labour input can be acquired. This
can be written

WtLt

where
1

W, o NP W (j)"

The expression W, thus has the convenient interpretation as the wage rate for the composite
labour input. Solving for the profit maximizing level of capital and composite labour input, we
find

r,=azZ,Ki,

W
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For later reference it is useful to note that the elasticity of labour demand type j wrt its own
wage rate is given as

L. W@, _ N
ﬂWt(J) Lt(j) b-1

3 Alternatively, if K,,,;=(1-A)K+I, where A istherate of depreciation then InK,, = In((1-1)K(1+z)) where z, = 1/(1-L)K..
Hence, InK,,; = In(1-1)+InK, + In(1+z). If we make alinearization of In(1+2) at its steady state value we have In(1+2)
=dInz where 6 = dln(1+z)/dln z and z = A/1-A, hence InK ;= (1-8)InK, +4Inl..



We also note that the price of capital in terms of current output
KL IIK 1-d
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Wage Setting

As noted there are N different types of labour. The attributes of workers underlying these
differences are exogenously given, and it is not possible by endogenous actions to change type.
There is an equal number of workers of each type, and they are al organized in craft specific
unions which have the power to determine the nominal wage rate. Unions set wages for T-
periods and do so in astaggered fashion. In particular, in each period t afraction N/T of unions
choose awage rate applying for T-periods. The unions areindexed such that unionsh={1, ....,
N/T} set wagesin periods O, T, 2T etc., unionsh ={N/T+1, ...., 2N/T} set wagesin periods 1,
T+1, 2T+1 etc, and so on for the N unions.

To derive the optimal nominal wage rule, consider first the optimal nomina wage which the
utilitarian union would set if it could adjust the nominal wage freely in any period. Theag\hl%/

gain when aunion worker getsajobistheindirect utility of the wageincomereceived vg
less the disutility of work, i.e.

® W, (h)0
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Maximizing this expression subject to the labour demand function, we get

Wi (h) =Py 1 ° Rg k)

Each union thus aims at areal wage target 0. Thisis consistent with the empirical finding that
there is no systematic cyclical variations in real wages (see Abraham and Haltiwanger, 1995).

Due to the N-period contract structure, unions cannot achieve their optimal wage (3) in each
period, as the nomina wage has to be the same over the contract period. We assume that the
loss function can be approximated by

) T1 o
A= E & r{(InW,(h)- InP,, - Ing)’

=0

that is, the present val ue of the squared sum of the deviation between the (Iog of ) actual and the



optimal real wagerate. E, ; denotes expectations conditional on the information available at the
end of period t-1. Minimizing this loss function yields

_ T-1
InW, =Inqg+a f ,E_,InP,
j=0

t+]

where
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Theunion index has been dropped asall unions setting wagesfor T periodsat the start of period
t set the same wage due to the symmetry imposed on the model.

Since unions can be identified by the period in which they set wages, we have

R S—
InW, = Inq +?a InW,_

s=0
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Equilibrium
The equilibrium condition for the goods market reads
Y,=C, +1,
and for the money market
M,=mM,_,

and employment is demand determined given the wage set by unions.

We find, cf appendix A, that consumption can be written
C = (1- ard)Yt

Total investment becomes
I, = ardy,

and total real money holdings
'\;)Itt _ q(ll-_arrd)Yt




We can thus summarize the model (in log form) as
y, =z, +ak, +Dbl,

Wi - Py = 4 +akt ) (1' b)lt

K., = (1- d)k, +dy,

P, = M- Y,
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where all constants have been eliminated, and the convention that x = InX has been used.

3. Shocks and Output Dynamics

Before specifying processes for the shocks, it is useful to condense the model by first solving
it for a given wage rate which yields

zt+akt+b(mt- wt) (10)

Yi

kt (1' d)kt-l + dyt-l (11)

or combining the two

Yi=Z 1 b(mg B Wt)+ adyt—1+ (1' d)kt—l

Z +b(mt ) Wt)+adyt-1+ad(1' d)yt-Z (12)
+ad(1- d)*'y, +a(1- d)°k,,

Equation (12) reveal sseveral important aspects concerning output dynamics. |mpact effectscan
be generated by both real (z) and nominal shocks (m-w,). The latter arises only to the extent
that changes in the money supply are not fully reflected in nomina wages (classical neutrality
isbroken). A positive money stock will be expansionary if wages are lessthan fully responsive
to this change (ow,/om, < 1). Thereis an internal propagation mechanism generated by capital



accumul ation and the persistency parameter is «d. That is, evenif real and nominal shocks are
transitory, therewill be persistency in output adjustment. Persistency is strengthened the higher
the elasticity of output wrt to capital o, and the more current investments add to the capital
stock (9).

The interesting aspect here is how wage staggering supplementsthis propagation mechanism,
that is, on top of the (real) propagation mechanism generated by capital accumulation we add
a (nominal) propagation mechanism driven by staggered wage-setting. To thisend it is useful
to note that the wage equation*

17171
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by use of the money market equilibrium condition can be written

17171
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4. Persistency in the Adjustment Processto Nominal Shocks
To proceed we need to specify a process for the shocks impinging on the economy. We
disregard real shocks (z = 0) and focus only on the nominal shocks where it is assumed that
the specific process for the money supply

mt = mt- 1 +et

¥
where e, isidd N(0, s 7). It is assumed that {et_,-}j:1 I

(i) One-period contracts
Consider first the case where all wage contracts are one-period contracts (T=1) implying that
contract renewal has to be synchronized. In this case

W, = Et-l(mt - yt)
Using thisin (10) we have
Y = akt + b(mt - Et-lmt + Et-lyt)

This already suggest that wage contracts may modify the propagation process, since expecta-
tions based on past information influence current output.

4 Us ng that INEX=EInX-1/2 Var (InX), cf Aitchison and Brown (1957).
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Given the process for m, it follows that we can find a solution of the form

a(l- d) a
Y = 1- b kt-l+ﬁdyt-l+bet

We recover the persistency parameter as

——>ad

1-b
arising from the propagation running via capital accumulation and one period contracts. This
shows that one-period contracts imply that nominal shocks can have real effects, and that the
dynamic properties of the system are changed.

It is quite common to introduce nominal rigidities by assuming that the nominal wage (price)
is predetermined at the expected value of the Walrasian wage (cf eg Bénassy (1995)). In the
present setting focussing only on nominal shocks this would be equivalent to

Wt = Et- 1mt
and output would become

y, = ak, +be,

= adyt-l + a(l' d)kt-l + bet

This type of anticipatory wage-setting does not change the dynamic properties of the system
which is determined by the real propagation mechanisms («.d).

The wage rule applied here which follows explicitly from a consideration of the incentives of
wages-setters make the wage conditional on expected values of endogenous variables and this
affectsthe dynamic properties. Wefind that one-period nominal wage contracts strengthen the
propagation mechanism as

ad

_—>
1- b ad

(if) Two-period contracts
The nominal wage rule can in the case of two-period contracts be written

InWt = Inq + f Et_lpt + (1- f )Et—lpt+l

where
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The aggregate period t wage level thus reads (ignoring constants)

1
W, = E(f Ei Pyt (1' f)Et—Zpt)

1
+ E(f E..p * (1' f )Et—lpt+1)

Using this, the equilibrium output in period t can be written as

¢ 1 1 u
y, =ak,+ bget + Eet-l + E(f E.,+t(1-T)ELy +TE .y +(A-f )Et-lyt+1)H(4)

For later reference, it isworth pointing to the property of (4) that higher expected future levels
of output tend to increase current output. Thereason isthat higher expected output other things
being equal tend to lower prices, and thus in turn wages which for a given level of nominal
demand tend to boost activity.

To solvethismodel, use the undetermined coefficients method and conjecture a solution of the
form

Ye = PoKestP1Yert Po€ t P3€y (5)
Given (5) we have

E oY = PoKei v P1E LY
and
Ei oY1= PoKio P 1Yot Ps€io=Yer- PoBiy

which inserted in (4) yields
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Hence consistency with (5) is ensured for the following values of the -coefficient

7 1 ~-1 1 <
po=gl- 5b(f + @ Dp,)y @@ d)+5bp,(- 1)(2- d)y

-1,
e
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-1,
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Given asolution to (5) it is useful to write the dynamic output equation more compactly as
A(L)y, = B(L)e, 6)
where
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A(L)° 1- A,L- A,L?
B(L)° B, - B,L- B,L?
A, °1-d+p,

A, ° dp,- (1- d)p,
bo® P

B, °-(1-d)p,+p,

Bz ° - (1' d)pa
In the appendix A proof is given that for a+p < 1, the system is stable and that
A >0
A,<0
and
A +A,<1

Output is seen to follow an ARMA (2,2) process in theinnovations to the money stock. Multi-
period contracts as captured here by two-period contracts thusimply amuch more complicated
adjustment pattern than implied solely by propagation via capital accumulation.

Comparing the cases of one- and two-period contacts, we find an important difference as the
latter adds the dynamics arising from overlapping contracts. Both models display persistency,
but the two-period contract model has more persistency as implied by the fact that the lagged
output term has a higher weight, ie

S ad
pl l' b

This shows that propagation by staggered wage contracts adds to the propagation already im-
plied by real mechanisms. Anincreasein current output implies ahigher capital stock and thus
alarger future production potential. Other things being equal this leads to alower price level
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and therefore wages which for a given nomina level of demand has an independent
expansionary effect. Viathe staggering of wage contracts the effect is spread out over time and
thereby it interacts with the real propagation mechanism to produce more persistency.

As a new aspect relative to one-period contracing the multiperiod contracting model has a
second order autoregressive effect which isnegative. Thisis so because ahigh period t-2 output
reflects an innovation to the money stock which after two periods will be built into al wage
contracts. A period t-2 expansion in output reflects a positive nominal shock and thus leads to
nominal wage increases which tend to lower outpuit.

It isan implication that nominal wages are less responsive than prices to the nominal shock, ie
Tw, _ o,
e, Ve,

reflecting that prices take alarger burden of adjustment over the business cycle than wages.

Notice that the money market equilibrium condition implies

7

fm,  Tm,

1

That is, a (permanent) change in the money supply will be reflected in either prices or quanti-
ties. Having considered how the burden of adjustment falls on activity, we can conclude that
persistent real effects of the nominal change will be matched by persistent effects on prices, ie
there will also be persistency in the price process.

Consider next the limiting case of constant returnsto scale («+p = 1). In this case we find (cf
appendix B) that the output process has a unit root since
A +A,=1

where

that is output changes come to follow afirst order autoregressive process, ie

Yio Ye1=- AZ(yt-l B yt-2)+ B(I—)et

where the autoregressive term (-A,) is positive.
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It isillustrative for the role of wage staggering as a propagation mechanism to consider the
specia casewhere d = 1. Thisisthe case where the propagation via capital accumulation plays
itslargest role as (a.d) isincreasing in & (for 0 < & <1) and in the absence of staggered wage
contracts, we find®

Ye=aYea® (1' a)et
With two period staggered wage contracts we get (see appendix)

Yi = Y t (1' a)et
Wefind thusavery strong persistency effect as output comesto follow arandom walk. Thekey
to the understanding of thisresult isthat the wage rule implies that nominal wages respond pro-
portionally to price changes so as to keep the real wage unchanged and together with the
constant returns to scale assumption thisimplies that the capital-labour ratio is constant. With
one period contracts anominal shock would have atemporary effect on output and wages will
subsequently change in proportion to the price change. However, with two-period wage
staggering the wage level isawaystied to the past level of prices. Inthiscaseit is possible that
anominal shock does not rel ease any price changes and thus awage response which eventually
will neutralize the real effects of the nominal shock. Since the capital stock moves
proportionally to output, so will employment for a given real wage, and it follows that output
will follow arandom walk provided that nominal wages and thus prices do not change. Thefact
that wage staggering includes a backward looking element in wage formation makes this
possible.

5. Concluding Remarks

The present analysis has demonstrated that wage staggering can potentialy have qualitative
implications for persistency properties viaitsinterplay with real propagation mechanisms. In
particular it isimportant that this does not rely on implausible large labour supply elasticities.

This finding also suggests that nominal shocks may play a more important role for business
cycle fluctuations than usually asserted within explicit intertemporal macromodels. Wage
staggering implies not only that nominal shocks have an important effect, but also that they can
have persistent effects.

The model presented here is clearly too stylized to be reliable for empirical investigations.
However, indication of important quantitative effectsisreadily availablefrom simple numerical
examples. Set the parameters at the following reasonable values « =0.4,6 =0.1and ¢ = 0.5

® Notethat for 6 =0 implying that the capital stock is fixed and propagation is constrained to run via wage formation,
wefind A; =1 and A, =0, iethe random walk property.
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it follows that the persistency parameter in the real model without wage contractsis 0.04, with
one period wage contracts it is 0.08, while with two period staggered wage contracts it be-
comes0.36. That is, persistency isincreased by afactor closeto 10 when comparing the model
without wage contractswith the model with two periods staggered wage contracts.! Clearly, this
does not prove anything, but it suggests strongly that nominal propagation mechanisms may
contribute significantly to generate persistency.

The analysishas been based on an exogenously postul ated staggering structure. The basic point
isthat if contract renewal is not coordinated in time, it will be an important source of persist-
ency. Asthereis no automatic coordination device in a decentralized economy, this seemsto
be an integral part of resource allocation. Thisis also confirmed by theoretical models endo-
genizing thetiming structure. Asyncronization may thusnaturally arisebecauseit facilitatesdis-
semination of costly information, enhances market power, or allows amore appropriate adjust-
ment to shocks (see Ball and Cecchetti (1988), Maskin and Tirole (1988), Ball and Romer
(1989), Fethke and Policano (1984), Freja (1993) and Cahuc and Kempf (1997).)



17

References
Abraham, K.C. and J.C. Haltiwanger, 1995, Real Wages and the Business Cycle, Journal of
Economic Literature, 33, 1215-1264.

Aitchison, J. and J.A.C. Brown, 1957, The Log-normal Distribution, Cambridge University
Press, New Y ork.

Andersen, T.M., 1994, Price Rigidity - Causes and Macroeconomic Implications, Clarendon
Press, Oxford.

Andersen, T.M., 1997, Persistency in Sticky Price M odels, European Economic Review, Papers
and Proceedings (to appear).

Ascari, G., 1997, Optimizing Agents, Taylor's (1979) Model and Persistency in the Real
Effects of Money Shock, Unpublished Working Paper, University of Warwick.

Ball, L.,1994 ,Credible Disinflation with Staggered Price-Setting, American Economic Review,
84,282-289.

Ball, L. and S.G. Cecchetti, 1988, Imperfect I nformation and Staggered Price Setting, American
Economic Review, 78, 999-1018.

Ball, L. and D. Romer, 1989, The Equilibrium and Optimal Timing of Price Changes, Review
of Economic Sudies, 56, 179-198.

Beaudry, P. and J. DiWardo, 1991, The Effect of Implicit Contracts on the Movement of
Wages over the Business cycle: Evidence from Micro Data, Journal of Political

Economy, 99, 665-688.

Bénassy, J.-P., 1995, Money and Wage Contractsin an Optimizing Model of Business Cycle,
Journal of Monetary Economics, 35, 303-315.

Blanchard, O.J., 1983, Price Asynchronization and Price-Level Inertia, in R. Dornbusch and
M Simonsen,(eds) Inflation, Debt, and Indexation, MIT Press.

Blanchard, O.J., 1986, The Wage Price Spiral, Quarterly Journal of Economics, CCC, 543-565.



18

Cahuc, P. and H. Kempf, 1997, Alternative Time Patterns of Decisions and Dynamic Strategic
Interactions, Economic Journal, 107, 1728-1741.

Chari,V.V., P.J.Kehoe, and E.R. McGrattan, 1996, Sticky ?rice Models of the Business Cycle:
Canthe Contract M ultiplier Solvethe Persistency Problem?NBER Working Paper 5809.

Cogley, T.and J.M. Mason, 1995, Output Dynamicsin Real -Business-Cycle Models, American
Economic Review, 85, 492-511.

Cooley, T.T. and G. D. Hansen, 1995, Money and the Business Cycle, ch. in T. Cooley (ed.)
Frontiers of Business Cycle Research, Princeton University Press.

Erceg, C., 1997, Nominal Wage Rigidities and the Propagation of Monetary Disturbances,
Unpublished Working Paper.

Feenstra, R.C. 1980, Functional Equivalence between Liquidity Costs and the Utility of
Money, Journal of Monetary Economics, 17, 271-291.

Fethke, G. and A. Policano, 1984, Wage Contingencies, The Patterns of WWage Negotiation and
Aggregate Implication of Alternative Contract Structures, Journal of Monetary Eco-
nomics, 14, 151-70.

Frega, G. De, 1993, Staggered vs. Synchronized Wage Setting in Oligopoly, European
Economic Review, 37, 1507-1523.

Fuhrer, J. and G. Moore, 1995, Inflation Persistence, Quarterly Journal of Economics, 127-
159.

Hairault, J.-O. and F. Portier, 1993, Money, New-K eynesian M acroeconomicsand the Business
Cycle, European Economic Review, 37, 1533-1568.

Hercowitz, Z. and M. Sampton, 1991, Output Growth, the Real Wage and Employment Fluc-
tuations, American Economic Review, 81, 1215-1237.

Jeanne, O., 1997, Real and Nominal Rigidities over the Business Cycle, Working paper,
University of Berkeley.



19

Maskin, E, and JTirole, 1988, A Theory of Dynamic Oligopoly, 11: Price Competition, Kinked
Demand Curves and Edgeworth Cycles, Econometrica, 56, 571-99.

Ohanian, L.E., A.C. Shockman, and L. Kilian, 1995, The effects of Real and Monetary Shocks
in a Business Cycle Model with Some Sticky Prices, Journal of Money Credit and
Banking, 27, 1209-1234.

Pencavel, J., 1986, The Labour Supply of Men: A Survey, in Handbook of Labour Economics,
North-Holland.

Roberts, .M., 1997, Is Inflation Sticky?, Journal of Monetary Economics, 39,173-196.

Taylor, J. B., 1979, Staggered Wage Setting in a Macro Model, American Economic Review,
Papers and proceedings, 69, 108-113.

Taylor, J.B., 1980, Aggregate Dynamics and Staggered Contracts, Journal of Political
Economy, 88, 1-23.

Yun, T., 1996, Nomina Price Rigidity, Money Supply Endogeneity and Business Cycles,
Journal of Monetary Economics, 37, 343-70.



20

Appendix A: Derivation of Demand Equations

From the first order conditions of the household maximization problem and the definition of
the return to capital we get

1 ® Y, 10
—=rE.ad <"+
c, T

C o

Usingthat Y, = C, + |, yields

1o adr +adr E g 0
C, ‘8Ct+1ﬂ
Hence,
1, adr
C, 1-adr
from which it follows that
C = (1- adr)Yt
and
|, =adrY,
From the first order conditions we aso have
M, &M, O
PC. =q+r Etgma
which implies
M, _
PC, 1-r
and therefore
M. _ ¢ ¢ = q(l- adr)
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Appendix B

b
' Proof that 21- Ef
(I) r00 pl b 1 f

Note that

for

Assumethatp, = p, implying that

-1

poz-gz(l f)(2- d)H a(l-d)<0
The solution for 1, isfound from the definition of the it -coefficients as
D, 81 (f +(1- f)p )H 2b(1 f)pl—ad+9f +(1- f)p,d
Note that the left hand side of this expression has the property that it equals
- %b(l- f)p, for p,=p,

and that it is decreasing in =, evaluated for p,, ie

b ) ..
G gL Sl @ 1R o D

b
S+ @ 0)-bE-fp, <0 forp, =4,

Moreover,

(A-1)
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b
o 209500 y
ﬂpl P1=P1 > b 02
g 5 (1 1)(2-d)y

Evaluating the LHS of (A-1) forp, = p,, we get

and the RHS s

b 2a d(1- d)
ad+ ot

Since

b b, 2ad(1- d)
'@'2f¢;<ad+2f b(2- d)

it followsthat thereexistsasolutionfor p, < i, sincetheLHSisdecreasingin rt, and the RHS

Isincreasing.
(i)  Proof that my+ m, < 1
From the definition of 1, and 7t; we have
(po+p. )5 %b(1+ (1- f)pl)%: a + %b(f +po(1- f)
which can be rewritten as

(o +ps- DL b1+ - 1pu)=a- 1+ Zbfi +(p, +p.)a- 1)

or

since

1 )
1- E|o(f +(1- f)p,)>0 for p,<p,
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It follows that

sign(p0 +p,- 1): sign(a +Db - 1)
hence,

p,tp, <1 for a+bh<l

p,tp,=1 for a+h=1

(i)  Proof that dm, - (1-0)7, <O.

From the definition of m, and ©t, we have
dp, - (1- d)p, =

-2 (r e D) ol - @ @ Dp,- @ d]

or
B b 0 1
(dp, - @- dyp,Jg2- 2@ D)p,- g =- Jb(A- O)f
since
b .
1- E(l- f)(pl- 1)> 0 for p,<p,
it follows that

dpo B (1' d)pl <0
(iv)  Solution to the dynamic output equation

From the dynamic output equation we have
AL)=1- AL- A,L°

where
A °1-d+p,
A,° dpy- (1- d)p,

Hence, the eigenvalueisfound as

LA T JAZ+AA,

B -2A,
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Since A, < 0, it follows that the stable root is given by

A - JAZ +4A,

| =
J2A,

Stability requiresA > 1 or

A - JAZ +4A,

>1
- 2A,
which in turn can be written
A +A, <1
Using that

A1+A2 =1- d(l' Po- pl)

It follows that the system is globally stable for «+p < 1 implying m, + m; < 1. Since A, <0t
followsthat A, > 0.

v) A +A,=1lfora+f=1

From above it follows immediately that n, + m, = 1 for o + 3 = 1, and hence it follows that
A, + A, =1. Notice that dn-(1-0)7, remains negative. Hence A, <0and A, > 1.

vi) 8=1

Inserting in the expression for T, it follows directly that ©, = 0. Using this in the expression
for m,, we find that it has a solution mt; = 1. Inserting we find

A =1
A,=0
a

_El-aari 1-a9

172 4 & 4 b

B, =
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