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Reversing the Keynesan Asymmetry

By John Bennett and Manfredi M.A. LaManna*

The assumption that nomina price adjusment is codly for firms (there ae “menu cods’)
has generated a stream of important theoretical papers over the last decade or 0. In <o far as this
literature generates asymmetric adjusments, it provides a theoreticad underpinning for the (old)
Keynesan assumption that nomina prices are more flexible upward than downward? Yet, the
empiricdl evidence, while confirming that asymmetries exis, does not indicate the dominance of
any paticular form of asymmetry (see Dennis W. Calton, 1986; Alan S. Blinder, 1991). In this
paper we argue that the ggp between theory and practice may be the result of the focus of menu
cos modds on specific forms of market dructure Exising menu-cost moddls are based on the
assumption of rdivey uncompetitive market gtructures — monopoly, oligopoly, or monopalistic
competition with a fixed number of firms. We widen the soope of the andlyss by examining
wha we cdl a ques-compditive industry and demondrate that it digolays a patern of
adjusment quite different from that found in other modds The Keynesan asymmery is
reversed, with nomind price being more flexible downward than upward.® We suggest therefore
that a rdationship exists between market dructure and the pattern of nomina price adjusment.
Snce there is presumably a variety of market dructures this may hep explain the incondusive
empirica evidence,

We modd the most competitive maket configuraion compatible with menu cods
Betrand oligopoly in a dynamic stting with free entry. It is assumed that (8) an incumbent in
one peiod can continue to sl a its exising nomind price in the next period without incurring
any additiond menu codt, whereas an entrant would have to incur a menu cogt; and (b) among

the firms willing to sl & the lowest price in any given period, one is chosen randomly to sl the
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product. These smplifications endble us to abdract from mates — such as determining the
identity of active firms — extraneous to our man concern of edablishing a dean connection
between market structure and the pattern of price (in)flexibility. *

To st a benchmark and to obtain a smple solution by backward induction we begin by
assuming a two-period time-horizon. Then we extend the andyds to the cae where the
incumbent faces an ever-recurring threat of entry, that is, with an infinite horizon.®> This is the
scenaio we cdl “quas-competitive’. Comparing these two extreme cases yidds an intuitively
aopeding rdionship between compditiveness and the patern of nomind price adjusment.
Wheress the two-period modd produces some inflexibility in ether direction, the increased
competitiveness generated by the irfinite horizon revasss the Keynesan asymmetry.
Furthermore, the two-period case may be of independent interest, for it highlights a somewhat
paradoxica result concerning the interpretation of price obsarvations. We show tha the
obsarvation of a smdl reduction in nomind price need not be taken as evidence tha nomind
priceisflexible downward with respect to areduction in anomind scde variable.

Section | sets out the mode, while Section |1 examines the solution. Section 111 places the
modd in te context of some related literature, and Section 1V concludes. Proofs are reegated to
the appendix.

I. TheMode
Time is moddled in discrete periods, indexed by the subscript t = 1, 2, ..° Let N beanomind

vaiable (eg., a cog-of-living index) abject to random shocks. Denote its redized vaue for

period t by N; , which is publicly observed a the sart of the period Redizations are independent
draws from a probehility distribution y (N) defined over the compact support [N,N ]. We do

not impose any redriction on y (N) other than it being aomless. At the start of period 1 J risk-



neutrd firms (J 3 2) become capable of supplying a new non-storable homogeneous good (or
savice).” In order to produce, any firm has to incur two types of cost: (8) a nomind menu cost
M\ (m in red terms); and (b) a constant margind production cost N, in nomind terms (unity in
real terms). ®

Upon obsarving N, eech firm j ( = 1,..., J smultaneoudy makes a bid to supply the product
in period t. We denote firm j’s nomind price bid by Ptj , the corresponding red price being

pl © RJ/N;. Firms engage in Bertrand competition, but for any period t only one of the k
(LEk£J) firms bidding the lowest price is chosen randomly to supply the good. This
amplification may represent a Studion where there exiss some (andl) exogenous asymmetry
that dlows a lowes-price firm to incur the menu cost before the others. Alternaively, the
assumption fits the scenario of a centrd purchasng agency, where demand originates from
decentrdized units of a larger organisttion, such as dividons of an M-form corporéaion or
schools and hospitals operating under a loca government agency. In these drcumdances, it is
common for the agency to sdect one supplier and let individud units order from the chosen firm
according to their requirements (Peter JH. Bally, 1987). Such contracts are generic, in that the
chosen supplier provides the full menu only after agresing terms with the agency. °

Throughout, we regard any firm that bids a new nomind price in period t + 1 (different from
the nomind price ruling & t) as a potentid entrant in period t + 1 — even if the firm oncerned
was the incumbent in period t. Also, if, for period t+1, the incumbent from period t offers to
continue supplying a its periodt nomind price, we regard this as a bid like any other. Exit is
assumed to be codless in the sense that if a firm becomes the incumbent (prints a new menu) in

one period, it is under no obligation to supply the market in any subsequent period’® Let



R m'.n{Ptj } be the lowest nomind price bid in period t, the corresponding red price beng
i

Py © min{ ptj }. The time-invariant market demand for the product in period t is D( p; ), where
i

dD(®/ dp <O and there exist velues of p, such tha D(p; ) >0."** The strong contestebility

flavor of our assumptionsis summerized in

AssumMPTION 1: (i) if k (1£k£J) firms are willing to supply at the lowest nominal price
R (p; inreal terms), then only one is selected (with prob. 1/K) to supply the
entire demand D(py); (ii) the menu cost is incurred only by the selected
supplier (that is, after all price bids are revealed); (iii) at timet + 1, trade by
the period-t incumbent is voluntary.

Thus the demand function faang any firm j in periodt is

1D( p ) with prob. l/k{:] . P
y it pf =P
b

(1) Dj(ptj,pt'j):}r_o Withprob.k—i;1
i0 it ol >p,
wrere p; I s the vedtor of price bids in red terms for period t by firms other then j, and k isthe
numiber of lowest-bid firms
We define p(p;) as the red gross profit (i.e, excluding any menu cost) earned by the sole
upplier a timet :
) P(P)=D(p ) Py - 1] .

Subtracting the red menu cogt gives red net profit, 8( p; )- m. Wedefine p; by

(3) d(pg)- meo,



with IE{ being the corresponding nomind price
Let p"™" ° argmax 8(p;) denote the (unique) monopoly red price Because of
competitive bidding (see Assumption 1) no newly-set price can exceed p™". Therefore we

restrict our analyss throughout to p, T [0,p™"] without loss of generdity. We make the
sandard assumption
(4  dd(p)/dp >0.
From (2)-(4) we obtain'*
(5)  dd(p;)/ dNy <0, dR /dN; >0.
[1. Thesolution
We now solve for the equilibrium nomind price vector, given that each firm's objective is to

maximize the expected present value of its red net profit dream. Condder fird a two-period

world. For any par of redized N, { N;,N>}, let { PI ,P; } be the pair of equilibrium nominal

prices, and { py, P> } the corresponding pair of redl prices.

ProPosITION 1 (two-period case):

(i) N <P <Py.
Ve e
(i) P, :I ;?Pl ilff I:él [N,
FR<P if NpT [NN,
where N, isdefined by
(6) p(PL /N2)=m.
Proof: see the appendix.

To see the intuition of this propodtion, condder fird period 2. As exit is codless, there are



only two potentid equilibrium nomind prices for the one-shot Betrand game played in this

period: (@ a new menu is printed and a new nomind price charged which, because of the force
of Bertrand competition, must be the bresk-even nomind price P; = |52; or (b) the incumbent

can rean its periodtl nomind price Pz* =PI, without being undercut, thereby enjoying a
positive red net profit™ Thus, in peiod 2 the incumbent ether exits coslesdy or makes a
podstive red net profit. Hence, as Bertrand competition requires the present vaue of the

incumbent’s expected red net profits over the two periods to be zero, the equilibrium nomind
price in period 1 mugt yied a negdive red net profit, thet is P, < P;. In the gppendix we show

that the incumbent must make a pogtive red gross profit in period 1, thet is, PI >N, otherwise

the period- 1 loss could never be recouped in period 2.

Haure 1 illugrates how the equilibrium nomind price in period 2, P; , adjuds to the period-2
redizations of the nomina scdle varidble, N, , for any abitrary N, taking into account, as we
have just indicated, thet N, < P| < P}.

Consider a redization N,1 (P, ,N]. By red@ning p; the incumbent woud esm a
negetive red net profit D(P / N, )(P) - Ny), S0 it prefers to exit. The entrant's eguilibrium
nomind price P, will dlow it to bresk even: P, =P, > Py > P , where the inequdity follows

from (5), given that N, >N;. For N, ranging from p; to N, p5 lies on the DE ssgmentin

FHgure 1.
Consider next a redization NoT [Np,Pi]. At N, =P the incumbent is indifferent

between exiting and cortinuing to sdl a Pj . Redizations of N, lower than P would eamn



podtive red net profit from continued incumbency; but if N, is suffidently smdl, an entrant
can both mach P, and cover its menu cos. This hgppens & N, =N,, where
D(P; /Ny )(P| - Ny)=mN, 2 Therefore for N1 [N,,P; ], the eguilibium nomind price
inperiod 2 liesonBCin Fgure 1.

Findlly, for redizations N,T [N,N, ), the incumbent is undercut by a bresking-even entrant
sting P, =P, < P| (segment AB applies).

*

P

R . N>
N N, Ng P PN
Figurel

Thus, in the two-period case, Bertrand competition yields a two-sided (s, S optimd nomind
price adjugment rule Note, however, a diginctive fedure of adjugment in this case Even

though, as indicated by the segment BB’, there is downwad inflexibility of nomind price with



respect to N for dl redizetions N, [ Ny,N7), it can be seen from Figure 1 thet P, may fdl

below Pf by an abitraily smdl amount. This suggests tha the magnitude of nomind price
reductions observed in practice may be a mideading indicator of nomind price (in)flexibility
with respect to the nomind scae variable,

When we extend the andyss to a quas-competitive indudry with nomind prices set under an
infinite horizon, we find that nomind prices ae pafectly flexible downward. This resut is
formdised in the fallowing propostion, where, for amplicity, we focus on the adjusment (if
any) of nomind pricein period 2:

ProrosITION 2 (reversd of the Keynesan asymmetry under an infinite horizon):
() Ny <P <Py

I>p if NyoT (P ,N]
Gy B T=P it NoT [Ny.F]

; <P if NpT [N,N;)

Proof: See the gppendix.

The intuition behind Propogtion 2 is dmilar to that for Propogtion 1, with two mgor
differences. Frg, an entrant in period 2 is no longer required to st a nomind price that yidds
zero red net profit in that period. Indeed, the equilibrium nomind price for an entrant will have
to be such tha it yields a zero expected vaue of the stream of red net profits over the infinite
horizon, irrespective of the period of entry.!” Second, because of the infinite horizon, in the event
of N, fdling short of N; by however smal an amount, the incumbent cen no longer retain the
nomind price from the previous period without beng undercut. In fact, an entrant in period 2
would face exactly the same progpects the incumbent had faced in period 1, except that now the

entrant enjoys a lower redization of N, and therefore can achieve a zero present vaue of the



dream of red net profits by setting a nomind price lower than Pf . This is the source of the

downward nomind price flexibility. In the event of a redization N, above N;, Smilar logic
yidds the conduson thet, because of the higher nomind menu cog, Pf cannot be undercuit.
However, if N, > P, the incumbent's redl net profit D(Py / N, )( Py - Np) from continuing to
sl a P; would become negative

The paten of (nomind) price (in)flexibility tha we have edablished for the fird two
redizations of N in the infinite-horizon case gpplies generdly: Pt* will be supplanted at the firg
redizetion of N fdling outsde [Nt,Pt*]. Immediatdy following the period when a new
nomind price is &, there is full downward flexibility, but partid upward flexibility. However, if
N takes a vdue in the interior of [ Nt,Pt*] , a further margind change in dther direction has no

effect on nomind price, while if the vdue of N reaches the upper bound Pt* , a further amdl rise
in N will be accompanied by a nomind price rise. Hence, the modd is condgent with a variety
of observaions of nomind price adjusment and inflexibility. The critica difference between the

two-period and the infinite-horizon cases is that in the later the lower bound of the range of

redizations of N, for which nomind price is unchanged turns out to be N; (as opposed to

N2<N1 in the two-period case), 0 that any negaive shock immediady following an
adugment in nomind price will dways result in a lower nomind price Therefore, under an
infinite horizon, we obtain the reverse of the Keynesan asymmetry. In terms of FHgure 1, the
generd shape of the adjument curve survives, except that now it dopes downward not to the

left of point B, but to the left of point B’, as shown by the broken curve AB'.



[11. Somerelated literature

The modd can be linked to severd drands of the literature on nomind price adjusment. The
contribution most dosdy rdaed to ours is that by Julio Rotemberg and Gath Sdoner (1987),
who compare the nomind price adjusment, in the presence of menu cods, of a monopolis with
that of duopoligs. When a nomind scde vaiadle is perturbed, they find some inflexibility, both
upward and downward, in each market sructure, but with grester inflexibility for the monopolis.
Thus, they rdae the extent of nomind price adjusment to make dructure. Our contribution
extends ther logic, by showing that not only the extent, but dso the form, of adjusment may
change with market sructure.

Secondly, there is a literature focusng on the labor market that argues tha workers ress
nomind wage cuts and 0, if mark-ups are not too countercyclica, nomind prices tend to be
inflexible downward. The contribution by Chrisopher Hanes (1993) is particulaly pertinent
here. In his andyss firms recognize that a nomind wage cut may result in a codly drike In the
cae of an impefectly competitive indudry, the cost associaed with the later may offsst the
benefits of sdting a lower nomind wage In contrast, a competitive industry cannot sudtain
nomind wage (and price) rigidity as a Nash equilibrium, as each firm would have an incentive to
deviate. Hanes atributes the increase in nomind rigidity in the United Saes in the lae 19"
century to the rise of imperfect competition. There is a broad pardld with our modd, in 0 far as
the costs associated with drike action may be regarded as the menu cost of seting a lower
nomind wage Given the exigence of such cods in Hanes's andyss, downward nomind rigidity
only obtans when makets are imperfectly competitive, a result amilar to that implied by our
mod.

Thirdly, there is the empiricd evidence on the effects of mongary shocks. Usng primarily
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US data, various sudies (for example, James Cover, 1992) have found that negative monetary
shocks have a greater effect on output than postive ones. Severd theardtica explanations have

been suggested for this finding (see Magda Kandil, 1996), one being that it results from the

Keynesan asymmetry. However, more recent work cass doubt on the robusiness of Cover's
results Morten Ravn and Martin Sola (1996) find that, once the 1979 regime shift in monetary
policy is dlowed for, postive and negaive shock have symmelric effects a conduson that is
supported by Charles Weise (1999).% In conjunction with the micro data referred to above,
which identify various pdtens of asymmelric adjusments with no one type being prevaen,
these recent findings highlighting a lack of asymmetry a the aggregate levd are condgent with
our generd hypothess that the paitern of nomind price adjusment depends on the market
structures of the industries concerned.
V. Concluson

Although our andyss is intended as a depiction of one of the many forms tha market
competition may take, raher than to have generd vdidity, we bdieve that, when combined with
exiding menu-cost formulations, it makes rather forcibly the point that the peitern of nomind
price (in)flexibility induced by the pressnce of menu cods depends crucidly on the type of
competition assumed in the rdevant makets The fact that the Keynesan asymmetry does not
gopear in the two-period case, but is reversed in the more fiercdly competitive infinite-horizon

cae, reinforces our conclusion.
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APPENDI X

PROOF OF PROPOSITION 1.

We dat from peiod 2 For ay gven P, ethe P, =P, whee
D(P/ N2 )(P- Np)=mNs,, if priceisadjusted, or P> = P , if itisnot.

(i) To prove that P; <Py, Suppose to the contrary that p; = P, (the argument holds a fortiori
if P{ > |51). For this to be a Bertrand-Nash equilibrium, the incumbent must make no postive
expected net profit in period 2. Condder aredization N, = N +e, with € posgtive and “smdl”.
Using (4), p(Py/ Ny )<p(Py/Ny)=m, tha is, no entrant could match (and a fortiori underctt)
the incumbent’s nomina price without incurring a redl net loss. As p(») is continuousin Py, an
appropriate € can be found such that p(l51/ N5 ) >0, 90 thet the incumbent can maintain its

period-1 price and dill make a positive red net profit. To prove that N; < Pl* , Suppose that
Nq3 PI , 90 thet the incumbent not only would not be able to cover its menu cost but would

meke an additiond red loss D(P /N;)(P; / Ny- 1)£0. This additional loss can never be
recouped in period 2, where the maximum net red profit can be equd & mos to the red menu
cost m.

(i): Two conditions must be stidfied for nomind price not to be adjusted in period 2: (a) by
retaning its period1l nomind price, the incumbet makes a nonnegdive red gross profit, and
(b) no entrant can undercut period-1 nomind price and make a nonnegaive net profit. Usng
(4), N5 < Ny, where N, is defined by (6), and thus for any negative shock NoT [ No,Np) no

nomina price adjusment takes place. The largest positive shock that the incumbent would be
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able to absorb without incurring a loss is determined by D(P) / N, )(P, - N, )=0. This upper
boundis P .
Pf is determined by the condition thet the red net loss incurred in period 1 is offset by the

discounted expected red net profit generated by nomind pricerigidity in period 2, namdy ,

Ay m-D(E >( n=dg D(F’l (e - DY (N2)dNe,

where d £1 isthe discount factor.™

PROOF OF PROPOSITION 2.

Suppose firm f becomes the supplier for period t. Let Vf(Pt /' Ny ) denote the expected
present vaue of f ’s red net profit sream from period t onwards, net of red menu cos m, when
it prints amenu with nomind price R, :

S

P, by U P
@ Vi)=& aEEy (NN pL)- Gne g
t s=t+1 S e t u

where Ly and U; are respectively the greatest lower and least upper bounds of the range of
redizations of N for which the incumbent of period t can retan the previous period’'s nomind

price, earn non-negative profits and not be undercut.

Let P, denote the lowest nomind price a which v T (P, / Ny; Ly ,U;)=0. Proposition 2()
dates that the equilibrium price p; s such that in period 1 the price-setter makes a positive redl
grossprofit (thet is, N, < Py ) and anegativered netloss(Py < Py).

(@ Ni <P, . Suppose to the contrary that Ny 2 Pj . This implies that the non-positive redl

gross profit accruing in period 1 mugt be offsst by drictly postive expected red net profits
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earned from period 2 onwards, that is, there must exist a range of redizations [ N,,P; ) such

that
(A3 V(P /Ng;N2,P)=0
To prove tha no such range exids it suffices to show tha for ay N,1 [No,Pp),

V(P /N2;No,P{ )>0, 0 that undercutting by an entrant is both feasible and profiteble. Using

(A3) and (4) we dotan

(A4 V(P /N2;N2,P)=p(Pi/N2)-p(P /N1)>0.
(b) P{ <Py. It cannot be the case that  P| > Py, because there can be no profitable hit-and-run
entry in equilibrium. The remaning posshility PI = |51 is ruled out by the fact that for 4l
redlizations of N, such that N; <N, <P, firm f would make a strictly positive red net profit
and could not be underct, thereby implying thet V(P; / Nq; N1 ,Py ) >0 — acontradiction.

(il). P isthesmalest solution of theequation V(P / Nq;L1,U1) =0, thetis

* ¥ S *
(A5) m- (P, /N1)= & as+1[qL_Jllz(N)dN] 3(P / Ng)
s=2

The I.hs of (A5) isthe red net loss incurred at t =1, whereas the r.h.s. of (A5) is the expected
present vaue of the red net profit dream for t =2,...,¥ , conditiond on consecutive redizaions

of N fdling within the range where nomind price is kept unchanged, that is [L;,U,;]. We have
dready shown in Propogdtion 2(i) that charging PI yields ared net loss in period 1 that has to be
offset by retaining PI as the ruling nomind price in period 2 for some redizations of N. All that

remainsto prove Proposition 2(ii) isto show thet Ly = N7 and U = P} :

14



€) L1 =Njp. If Np<Njp, thena t = 2 the incumbent would be undercut, Snce other firms

would face lower nomind cods than & t = 1 and thus the lowest nomind price such that
V(P> / Ny;Lp Uy ) =0 would be srictly lessthan Py . If N, =N; the eqilibrium price would
day unchanged. Therefore, Ly = Np .

(b) Uy =P . For N, >Nj, no fim woud find it profitable to undercut p; . Thus U isthe
redization of N & which the incumbent is indifferent between retaining PI and making a new

bid, whichis Py  itsdlf.
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Footnotes

* BENNETT: Depatment of Economics and Finance, Brund University, Uxbridge, Middlese,
UK, UB8 3PH; LA MANNA: Depatment of Economics Universty of S Andrews, S Andrews,
Scotland, UK, KY16 9AL. This work developed out of ealier discussons with Subhashish
Gupta We are dso grateful to V. Bhaskar, Huw Dixon, Elisabetta lossa, Jonathan Thomeas, and
anonymous referees for very hdpful comments,

! For surveys, see N. Gregory Mankiw and David Romer (1991), Torben M. Andersen (1994)
and Huw D. Dixon and Neil Rankin (1994).

2 Modds providing some support for the Keynesan asymmetry indude Danid Tsiddon (1993)
and Laurence Bal and N. Gregory Mankiw (1994). However, Robert J Baro (1972) and N.
Gregory Mankiw (1985), among others, produce two-directiond dickiness The Tdddon and
Bdl-Mankiw modds are based on the assumption of postive trend inflation, whereby a firm that
wishes to reduce its rdative price finds thet it can do s0 codlesdy merdy by keegping its nomind
price unchanged. Conversdy, a firm that wishes to rase its rdative price finds that inflation
widens the gap between its dedred and actud nomind price, thereby providing a drong
incentive to incur amenu cost and raise its nomind price

3 A dmilar pattern of grester downward flexibility is found in kinked-demand-curve modds, bt
there it occurs essentidly by assumption; see, for example, Jean Tirole (1988, pp. 243-44).

* A Bertrand duopoly modd that yields the Keynesian asymmetry can be found in Per Svejsirup
Hansen et al. (1996). Although ther modd and ours are not directly comparable (in so far as
they congder real shocks and produce asymmetric price adjusments in the absence of menu
costs), we conjecture that the oppodste asymmetry generated by our modd is due to our key

assumption of free entry.

18



® To egiablish the basic message of the paper it is not necessary to examine the more complicated
caseof a T-period modd, where ¥ >T > 2.

® Where appropriate, we specify whether the modd is of the two-period or of the infinite-horizon
vaiey.

"1f J=1 in our modd nomind price adjusts in a manner similar to that found by Robert J. Barro
(1972).

8 The assumption of congtant margind cost merdy smplifies the exposition, as our results would
ill hold if margind cost were increesing (see footnote 14).

°® As the product is assumed to be homogeneous, no benefits would flow from a long-term
relaionship and the agency dways has the incentive to switch to a lower-price supplier. For
example, in the UK, recurrent procurements of homogeneous goods for the Nationd Hedth
Sarvice (amounting to about $1bn p.a) are handled by the NHS Supply Agency on the basis of
Sx-month contracts.

10 Conversdy, we assume that a menu printed in period t kills dl older menus, that is once a
menu printed a t has been superseded by aother menu in period t + § it canot be codledy
resurrected in later periods.

" The demand function is defined in terms of red prices only for smplicity. For more generd
demand functions of the foom D(PR,N;) we can identify Smple corditions under which the
main results gpply (see footnote 14).

2 Our results dso gpply with the more generd demand function D(P, N if dther (i) the dadticity
of demand w.rt. the nomind vaigble N weghted by the mak-up rate is less than unity (or,
equivdently, menu cogs are “smdl” compared to turnover); or (ii) the dadicty of demand

w.r.t. changesin the nomind variable does not exceed the price dadticity of demand for output.
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13 Because firms are identical, except that oneisincumbent in ary period t, ether k= Jor k= 1.
14 Aslong as (4) is satisfied, our results till hold if marginal cost is not condtartt. Let the average

real cost of production be c[ D( p; )] , wherecp 3 0, sothat 8( py )= D( py ){ pt - [ D( pt )1} -
Therefore, do(»)/ dp; = Dp{ p; - ¢[ D(¥]}+D(3¥{1- cpD, }. Hencs, if (4) holdsfor cp =0,

it holdsa fortiori for cp >0. It isimmeterid whether the resson for ¢(») increesing isthet there
are diminishing returnsin the production function or because the supply price of aninput is
increesing. Assumption 1, by guaranteeing thet & any onetimein equilibrium only onefirm
produces positive output, eiminates some of the potential complications associated with
increesing margina cogt. The multiple-equilibria problem that plagues Bertrand competition is
avoided (see Xavier Vives (1999), pp. 118-23); and the interdependence among firms cost
functions due to an increasing supply price of an input is absent by congruction.

> Strictly gpesking, the incumbent would earn non-negative redl net profit because, for the single
redization N, =P5 , red net profit would be zero (in this case we have assumed in Propogtion 1
that theincumbent prefersretaining P;  to exiting).

16 Notice that N < N7 . Suppose to the contrary that N, 3 Ny; then, by (5) P, 3 P, > P}

and so no entrant could both breek even and match Py .
' The condition spedified in part (i) of the propostions — that in period 1 red net (gross) profits
be negative (postive) — now goplies not only to the fird incumbent, but aso to entrants in any

period, thatis, P <R " t.
18 None the less Weise confirms the result firs obtained by Rene Garcia and Huntley Schaller

(1995) that monetary policy changes have a sronger effect on output growth during recessons
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than during booms.

19 As formulated, Proposition 1 assumes that N £ N, and P} £ N, otherwise and somewhat
trividly nomind price adjusment will be asymmetric by condruction. In fact, if P} >N, then
P; = PI M Nzi [Nz,ﬁ] and P; = |52 < PI . N2T [N,Nz) Simllarly, if NZ <N, then

P, =P, >P ,"N,T (P N] ad P, =P ."N,1 [N,P(] .
% Notice thet the probability that Ns fals within this range is rased to the power s to take into

account consecutivedrawsin [ Lt Ut ] .
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