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I ntroduction

Aggregate price rigidity has long been an issue of concern to macroeconomists, primarily because of the
role this phenomenon plays in theories of macroeconomic disequilibrium. Indeed, the search for a
suitable explanation for fixed nomind prices has become a centrd part of micro-foundations, drawing
research interest from both macro- and microeconomigts dike (Stiglitz; Bal and Romer; Blinder et d.).
Perhaps of greater concern to microeconomigtsin generd, and others interested in marketing strategy
and channd performance are the implications of fixed retail prices for pricing efficiency within vertica
food marketing channds. Some argue that by setting retail prices at “price points’ suggested by
category management models, retailers may not alow market forces to increase product movement
during times of oversupply. If retail prices are not alowed to reflect the fundamentas of supply and
demand, they maintain, both upward and downward wholesae price movements will be exacerbated.
Further, consumers will not have access to produce at the lowest possible price, so they will consume
less than they would otherwise. This argument, however, presumes that retall pricefixity arisesasa
result of imperfectly competitive behavior on the part of food retailers.

Rather, if such retail pricefixity results from optimal, competitive behavior on the part of
retalers, then there is little argument againg this practice on efficiency grounds. Indeed, fixed retall
prices may result from retailers rationa response to high costs of price adjustment (menu costs)
(Akerlof and Y dlen; Mankiw; Shonkwiler and Taylor; Slade 1998, 1999; Powers; Levy et al.; Caplin
and Spulber), their recognition of the high search costs incurred by consumers if retail prices adjust

pricestoo frequently (La and Matutes, Warner and Barsky; Bliss; Bils), counter-cyclica price

Yin general, category management refersto a set of retail practices designed to optimize sales revenue from
aset of related products by efficiently alocating shelf space, setting relative price points, and offering periodic
promotions on high-volume category components.
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eladticities (Rotemberg and Sdoner; Abreu, Pearce, and Stacchetti), the existence of nomina contracts
between retailers and their customers to maintain stable prices (Okun), constant margina costs
(Blinder), or amply if prices are not a point of competition given intense non-price rivary among firms.
Indeed, even among the explanations that derive from theories of imperfect competition, there is some
question asto whether fixed prices result from afailure of firmsto coordinate (Bal and Romer), or from
successful coordination (Stiglitz; Mischel). Given the myriad of potentid and disparate explanations for
fixed retall prices, thereis clearly aneed for one that subsumes as many of these as possible while
lending itsdlf to empirica tests within a specific industry or product category. Only by ruling out all

other explanaions will we be able to determine whether or not fixed prices do indeed arise from some
form of tacit agreement among retall sdlers.

Among exigting research, Sade s (1998) gpproach of combining menu codts, strategic pricing
behavior and goodwill erosion (or consumer costs) comes the closest to a comprehensive modd. In
fact, menu cogts, competitive rivary and consumer costs may be logicaly combined to represent a
generdized measure of the costs of changing prices. Such fixed cogts introduce a fundamenta non-
convexity to the price-change decision so that prices will not change smoothly in response to underlying
changesin wholesde prices or marketing codts, but rather follow an (s, S s;) bounds rule (Sheshinski
and Weiss, Caballero and Engel; Slade 1998, 1999). According to thisrule, a desired, latent price
variesaround itstarget, S, but once it reaches either an upper or lower threshold isimmediately
changed to the target value. However, thisis only part of the story. Indeed, if we combine these high
fixed cogts with the underlying voldility of supply typica of many food products, price changes will
involve sgnificant red option vaues (Dixit 1992). Thus, the underlying latent price change variable will
vary widely between upper and lower threshold values before actua price changes occur.

Consequently, observed prices exhibit Sgnificant rigidity that may be interpreted as an example of
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economic hysteresis, or the reluctance of an economic variable to revert to previous levels even though
the origind impetus for change no longer exiss. Asarationa, competitive response to volatility and
sunk costs, hysteresis does not represent a market failure, but rather may be exacerbated by
imperfectly competitive pricing behaviors that raise adjustment costs. Therefore, this study develops an
economic modd of retall pricefixity that distinguishes between non-competitive sources of rigidity,
namdly tacit colluson, and hysteretic, or competitive sources. Unfortunately, there is little empirical
evidence on adisaggregate leve that distinguishes between these sources of pricerigidity.

In astudy of price-setting behavior by mail-order catalog retailers, Kashyap finds consderable
support for explanations that rely on menu costs generating endogenous bands around existing nomina
prices and for price-points being set smply for “convenience’ or psychologica purposes. Similarly,
Cecchetti uses an econometric andyss to show how magazine sdllers absorb sgnificant fluctuationsin
margins by maintaining fixed cover pricesfor long periods of time while Carlton does the samefor a
sample of indugtrid products. Among studies of price fixity among food products, Slade (1998) usesa
high frequency, store-level data set to show that menu costs dominate variable adjustment costsin
explaining price fixity and, in another paper, finds that srategic pricing among manufacturers
accentuates price thresholds that must be met before actua prices are changed (Slade 1999). On the
other hand, citing problems with existing econometric approaches of testing explanations for price fixity,
Blinder et d conduct abroad survey of managersin avariety of firmsto determine their reasons for
maintaining fixed sdling prices. Failing to find a single, dominant explanation, ther findings suggest a
fundamental weskness of existing empirica work, namey that price fixity arises for a number of
different reasons, each unigue to the characteristics of the product or industry a hand.? Consequently,

our gpproach focuses on a particular product category at one point in the marketing channel and shows

2 Wolman provides arecent and comprehensive review of the extensive literature on price adjustment.
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how each of severd potentid causes may be complementary to one another in causing what may
otherwise be a minor factor to become a significant cause of price fixity. Our empirica gpplication uses
the econometric modd suggested by this conceptual framework to test among severd potentid
explanations for pricefixity. Inthisway, we are able to digtinguish among a variety of explanations and
aso0 make meaningful comment on the performance of a particular industry sector.

The paper begins by reviewing the conceptua arguments underlying each potential cause of
pricefixity. By forming asynthess of existing explanations, we are adle to venture anew one, namely
economic hysteresis, that subsumes dl of the others. Next, we present aforma economic mode of
fixed retall prices that admits each potentia cause. Based on this theoretica framework, we then
develop an empirical mode of economic friction that is able to distinguish anong avariety of
hypotheses for fixed retail prices. A detailed description of an gpplication of this econometric modd to
retall fresh gpple pricing follows, including adiscusson of our retail-scanner data set, results from
testing a series of hypotheses regarding likely causes of price fixity, the parametric results, and their
implications for both channd efficiency and management srategy. We conclude with a discusson of
how these results are likely to apply to product categories and marketing levels that need only share a

few commondities with our example.

Alternative Explanations for Retail Price Fixity

Among the many potentia explanations for pricerigidity that Blinder et d explore, only afew are found
to be rdevant to firms engaged in retall trade. By far the most common response by firms of al typesin
Blinder et d’s survey, and particularly thosein retail trade, is that sticky prices are caused by a“failure

to coordinate’ in the words of Ball and Romer (1991). This explanation recognizesthat if prices are
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drategic complements, then there may exist multiple equilibriain which firmsraise pricesto agiven
level, but then are reluctant to change them once they are stable (Cooper and John). However, the
question posed to survey respondents reflects a concept more akin to Sweezy’s or Okun’s notions of a
kinked demand curve in that firms merely expressed a reluctance to be the first to raise prices for fear
of loang market share, or to lower pricesfor fear of ingtigating aprice war. If they could coordinate
their price changes, clearly it would be optima for them all to move together to a new desired price
level. Although considered distinct explanations, this notion is very amilar to the ideathat prices are
fixed by “implicit contracts” between afirm and its customers -- maintaining relatively constant pricesto
loyd customers benefits firms through higher average prices that result from ther indlastic demand, but
a 30 benefits customers by alowing them to save on search cogts. Despite the empirical support for
these explanations in Blinder’ s survey, Mische develops a conceptua model to show that sticky prices
can be the result of a coordination successin an infinite repested-game context, rather than a
coordination falure. Indeed, the notion that afallure to coordinate done is responsible for pricefixity is
inconsistent with the price-reaction models of Liang, Gasmi, Laffont, and Vuong or Slade (1990)
wherein avariety of firms are found to collude to some degree. Ball and Romer’s explanation isaso at
odds with other empirical research -- based in econometric analysis of secondary price data rather than
SUrvey responses.

In particular, the notion of coordination fallure isinconsstent with Stiglitz's argument, and runs
contrary to much empirica evidence (Lee and Porter; Porter; Brander and Zhang ; Koontz, Garcia,
and Hudson; Richards, Acharya, and Patterson). Green and Porter’ s argument is that fixed prices arise
because oligopaligtic firms enforce tacitly collusive price setting arrangements through punishment
drategies based on the shared recognition of trigger prices. When firms have complete, yet imperfect

information regarding their rivals behavior, Green and Porter assume firms begin in astate of collusion,
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but punish rivas for asingle-period defection by reverting to Nash behavior until a cooperative
equilibrium isrestored (Friedman). With complete and perfect information, and with sufficient patience,
such astrategy can support a collusive outcome in arepeated game.® When information is less than
perfect, however, afirm does not know whether alow price (in the case of output market rivary)
represents a defection by ariva, or amply results from adverse market conditions. Employing the
punishment strategy described above results in a discontinuous pattern of behavior, varying between
Cournot and somewhat less than a perfectly collusive outcome* This explanation, while not origindly
intended as arationale for fixed prices, has found empirica support in 19" century railroads (Porter,
Lee and Porter, Hatiwanger and Harrison, Hgivassiliou), the airline industry (Brander and Zhang), beef
packing (Koontz, Hudson, and Garcia) and processing potatoes (Richards, Patterson, and Acharya).
If this explanation is correct, then fixed prices are adirect artifact of strategic behavior in imperfectly
competitive industries. A trigger price explanation is not the only one based in a oligopoalidtic pricing
that generates fixed prices, however. Indeed, Sade (1999) shows that price rivary widensafirm's
optimd (5, S ) price-adjustment thresholds, thus cresting awider range of desired prices over which
actud pricesremain fixed. Still other explanations for fixity do not require an assumption of imperfect
competition.

In fact, Rotemberg and Saloner develop a conceptua model of price wars that uses
countercyclica price or markup behavior as another potential cause of apparently fixed prices. If

pricesfal or do not rise during periods of high demand as we would expect, then this would appear as

3 Thisis by no means the only effective punishment strategy. Abreu, Pearce and Stacchetti show that, ina
more general model than Green and Porter, optimal punishments are less benign than areversion to Nash strategies
and can last for only asingle period.

4 Green and Porter devel op their model assuming Cournot rivalry, while Porter (1985) considers the same
example from a Bertrand perspective. As Porter notes, the models differ very little.

-6-



aform of pricerigidity. Inthe Rotemberg and Sdoner modd, periods of high demand represent
opportunities for profitable cheating on collusive pricing agreements, while the promise of future
punishment is seen as less onerous because demand is expected to be lower. Thus, collusive
agreements are particularly hard to maintain during periods of high demand, so cheeting is more likely to
occur. While the implications of a cyclicd model may seem counterintuitive in many cases, Bresnahan
shows that the tacitly collusive equilibrium among automobile manufacturers broke down in 1955 -- a
period of unprecedented demand. This result, however, isin direct contrast to the nicke price war
between Inco and Fal conbridge which was ingtigated by a sharp reduction in demand (Slade 1990).
Neither of these cases addresses the unique nature of pricing in amulti-product consumer retaling
context, however.

Among microeconomic modes of retail pricing, Warner and Barsky and Ld and Matutes al'so
develop models wherein prices move in a counter-cyclica manner, but for different reasons than those
advanced above. InLd and Mautes loss-leader modd, firms must advertise pricesif consumers have
imperfect information. Because advertisng is afixed cod, firms have an incentive to advertise more
intensvely products that are in rdatively high demand. Warner and Barsky, on the other hand, maintain
that search represents a fixed cost to consumers. Consumers will search more intensively during
periods of high demand because they intend to buy more products on each trip, and thus benefit from
economies of scale in the search activity. Thisintensve search leads to more eastic demand for all
products. Similarly, Bils argues that a repeat customer will have a higher willingness to pay compared
to anew customer because they have resolved their uncertainty over untried products, thus giving the
firm greater pricing power over this brand loyd segment. During periods of high demand, however, the
firm benefits more from lowering prices and attracting new customers rather than exploiting existing

ones. The empirica evidence on this point is aso mixed.
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In particular, Chevdier et d show using high frequency, product-leved, retail price, wholesde
price, promotion and sales data from one retail grocery chain that retailer margins are countercydlicd,
thus supporting the loss-leader model of La and Matutes rather than the collusive models (Rotemberg
and Saoner, Hdtiwanger and Harrington). Although each of these studiesis able to explain why prices
gopear to adjust dowly, they do not explain the observation that prices often remain fixed in an absolute
sensefor long periods of time. Indeed, Carlton observes prices for intermediate industrial goods that
often do not change for ayear or more, while Kashyap reports smilar behavior among retail mail-order
catdog sdlers. Although Carlton clams that counter-cyclica discounting behavior represents more
variation than macroeconomists had come to expect, discrete changes from one level to the next
commonly observed to result from period price cuts are not the same as the smooth and continuous
variation in prices around an equilibrium leved that we are conditioned to expect in a competitive
environment. Rather, it ismore likely that firms“...take no action until athreshold is crossed and then
act for sure once the barrier is passed....” (Kashyap), but where the threshold varies over time with the
economic environment Smilar tothe (s, S 5) bands mode of Cabalero and Engel. Merging demand
considerations with a cost-based approach moves closer to this more genera explanation.

In fact, an important branch of micro-foundations research explores the possibility thet price
rigidity around a competitive equilibrium is based on considerations of cost rather than demand.
Namely, non-convex adjustment costs cause discontinuous price paths that lead prices to be fixed for

sgnificant periods of time® If price changes entail re-printing catalogs and labels, then such “menu

5 While menu costs represent a fixed cost of adjusting prices, responses by rivals or breaking implicit
contracts with customers are both likely to rise with the magnitude of the price change. The implications of this
difference are important. Whereas convex adjustment costs, which are typically modeled as quadratic (Rotemberg;
Roberts et a.) yield smooth AR(1) adjustment paths, hon-convex adjustment costs mean that it will likely be optimal
for the firm to do nothing until the underlying pressure to change prices exceeds a certain threshold, and then to
adjust immediately to the desired price level (Bar Ilan and Blinder; Caballero and Engel 1993). Such (S s) pricing
thresholds (Sheshinkski and Weiss) may also be two-sided, or (s-, S, sV) if it is possible for the optimal priceto
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costs’ arelikdy to cause congderablerigidity as the benefit from changing prices must exceed a
relatively high hurdle before changes are viable (Akerlof and Y dlen; Mankiw; Caplin and Spulber). In
particular, Mankiw shows that very smal menu costs may generate relatively long periods of pricesthat
are gpparently fixed. Moreover, Levy e d, find that menu costs may not be small, but may in fact
represent a sgnificant operationd expense for firms that sall many different products smultaneoudly.
While they do not explicitly test the Sgnificance of menu costs, Lach and Tsddon cite the cosily
adjustment of prices as the only plausible explanation for their observation among multi-product
retailers that price changes tend to be synchronized within stores, but staggered across stores selling
amilar products. Their conclusion supports the argument that price rigidity is afunction of ingtitutiona
processes -- minimizing the cost of changing severd prices a once. Moreover, thisis an important
result asit generdizes the role of menu costs beyond the single-product retailer to the more redistic and
relevant case where the decison maker must set severd prices smultaneoudy.

If we expand the definition of menu codts to include both the direct economic cost of changing
the priceitsdf and the implicit cost in reducing goodwill among consumers, then the menu cost
explanation becomes more plausible and, in fact, broaches many other arguments that attempt to
gynthesize the cost- and demand-side explanations. In particular, Slade (1998) devel ops a moddl
wherein the cost of adjusting prices includes both menu costs and the erosion of goodwill and in which
prices are regarded as Strategic variables. As such, her modd is able to address both menu-cost and
consumer-cost arguments. Significantly, she shows that menu cogts are sufficient to generate thresholds
of demand that must be broached before price changes occur, and that these thresholds are wider for
firmsthat behave srategicaly relative to those that behave in amyopic fashion. Although menu costs as

traditionally measured may gppear to be arguably too smal to make a difference, Dixit (1989) shows

experience both positive and negative innovations (Slade 1999).
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that under conditions of dynamic uncertainty, even smdl fixed cogs can make alarge differencein
terms of the threshold desired price change required to induce a change in the posted price. In fact, the
presence of some form of “red option” in the decison to change retail prices may mean that they are
best held congtant over awide range of wholesale prices. Waiting for wholesae prices to exceed a
threshold that includes ared option vaue, in turn, gives rise to aform of economic hysteress.

Often mistaken for the gpparent per sistence of an economic effect after its cause has
disappeared, hysteresisis better described as remanence, or the tendency for a shocked variable to
exhibit no memory asto itsformer location (Pisciteli et d). Once aretall priceis tagged with a new,
higher price, it will tend to remain there until the incentive to move it again becomes overwhdming. In
the modd to follow, the underlying desire to change retail prices comes directly from changesin the
wholesde price, but actud price changes do not follow a smooth, continuous path due to each of the
factors discussed above, namely (1) menu costs, (2) costs imposed by strategic reactions from rival
firms, (3) cogtsincurred by bresking implicit contracts with customers, (4) interndizing a share of
consumer search codts, or (5) structura factors such as counter-cyclica price eadticities or constant
margina retailing costs. However, the degree of hysteresisin observed price changes a so depends
upon the volatility of underlying wholesde prices. Introducing volatility as a factor contributing to price
fixity has counter-intuitive implications. If wholesae prices are changing frequently, one would think
that retail prices would mimic their pattern. However, if the voldility istwo-sded then retailers would
likely find themsdves changing prices only to change them back shortly thereafter, incurring cogts,
inciting riva reaction, and needlesdy annoying customers. Consequently, the conceptua mode below
incorporates option vaues into the cost of making a decison to change prices while the econometric
model incorporates dl the likely causa factors, including volatility. In thisway, we are able to test the

hypothesis that price fixity derivesin part from economic hysteress.

-10-



Conceptual Model of Hysteresisand Price Fixity

Our conceptud modd of price fixity rests upon the hysteresis hypothess, but incorporates other
explanations as potentiadly exacerbating or amdiorating factors. Before developing this modd formaly,
however, we firat evauate the three necessary conditions for the existence of ared option vaue: (1)
ongoing uncertainty, (2) fixed cogts, and (3) a unique opportunity to profit from a decision (Dixit 1989).
Assuming the wholesde price of a non-processed food product is volatile is not controversa. Whether
from variaionsin supply from the farm, seasond demand factors, prices of competing produce items,
or from the levd of imports, there are many factors that may potentidly cause the optimal retail sdlling
price to be uncertain. Second, Levy et d document the magnitude of adjustment costsin aretail
grocery environment. While the cost of each individud price changeis rdaivdy smdl, these costs can
be sgnificant as retailers make pricing decisions for entire chains that can now consst of over 2000
gores. Third, grocery retailers possess some market power over their own shelf space. Whether
through location, brand identification, loydty, or advertisng, large chains are able to differentiate
themsdves sufficiently so that their shelf space is a scarce commodity that they control -- witness the
risein dotting fees and other payments suppliers must pay for accessto retal shef space. In summary,
we expect not only an option vaue to become embodied in the price change decision, but for this
option vaue to be sgnificant relative to the ligt price of the product.

For purposes of this study, grocery retailers are assumed to compete asrivasin locd,
differentiated product oligopolies. Thisassumption isjustified due to the importance consumers place
on location in choosing their grocery store and survey evidence that most produce managers set their
prices based on local competition (Produce Marketing Association). Further, retailers must recognize

the intertempord impacts of their price-setting decisions due to the existence of fixed costs of price
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adjustment (Mankiw; Akerlof and Ydlen; Levy et d.; Sade 1998), strategic responses by rivas
(Stiglitz; Gasmi, Laffont, Vuong; and Liang; Slade 1999), higher search codts by price-sendtive
consumers (Warner and Barsky; La and Matutes; Bils, Willis), or lost goodwill with consumers used to
apaticular level of prices (Rotemberg; Stiglitz; Okun). The conceptual modd that follows incorporates
each of these factorsin agenerd modd of retall price adjustment.

Specificdly, we begin by defining adesired or “frictionless’ price and then examine how
managers change actud prices under generd adjustment cogts in order to maximize firm value. To
anticipate results, we show that the firm will follow an (s, S, s”) pricing policy wherein the desired price
must elther rise above an upper threshold or fal before alower threshold before actua prices change.
In acommodity-driven verticad marketing channe without storage or Sgnificant branding, the underlying
pressure for changing retal prices emanates from the wholesde level. Therefore, the desired price
change follows a path determined by independent shocks from the supply sde, reflected in the
wholesale price, p". In thisframework, afirm will only increase prices when the desired priceis
aufficiently greeter than the current price, p°, such that the benefit from adjusting the price is grester than
total cost of doing so. Therefore, asin Cabalero and Engd (1999), define afirm'’s desired price
changeasg (p") = p* (p") - p°, with an optimd return point, ¢,, and the observed price change as
A p:l_ Further, assume g, is governed by a stochastic process underlying the desired price. Fixed, or
menu, costs are given by: A=F ,I(AP:O # 0y, Wherel isanindicator function that is equal to one
when the argument is true and zero otherwise. Second, assume adjustment cogts arising from lost
consumer goodwill (k;) are determined by previous own-price changes (Slade 1999):

Cly=C(A PS DA ptﬂ » 0y. Third, assume prices are strategic complements. If thisisthe case,
price reductions by ariva induce like responses, thus imposing a cost in the form of lower profits each

period. Therefore, adjustment costs due to strategic reactions are: R,(P,R) =R (A PtR) I(APgn » 0y,
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where pR isan index of rival retail pricesin each market.® Consequently, the value of afirm not
currently selling at its desired price is the maximum of whether it adjusts or does not adjust (Cabalero

and Engd):

V*e.p, Ak D = max [PN@E.p,), VAG,p,") - F+C,+RMIApr )], (1)

Solving this problem, therefore, requires finding the vaues of g that condtitute optima switching points
between afirm that does not change prices and one that does and how these switching points, or
thresholds, depend on each potential cost of adjusting prices.

Unlike other menu cost explanations, our explanation for price fixity holds that the difference
between afirm’'sexisting and ided prices must be large enough to not only cover the direct costs of
adjustment, but dso the implicit option value of waiting to make the change. Indeed, even for small
menu, goodwill, or strategic costs, we show that ongoing uncertainty in the supply price can cause a
wide gap between the frictionless and current pricesto arise. Waliting for the frictionless price to ether
rise or fal enough to induce a change in actua prices represents hysteresis, or the gpparent reluctance
of retail pricesto change.

In contrast to Cabalero and Engd and Slade (1999), who solve adjustment problems similar to
(1) using stochastic dynamic programming, a contingent claims gpproach (Dixit 1989, 1992) provides
an andytica solution that is more amenable to deriving explicit hypotheses as to the effect of each
potentid cause on the likely size of a price adjusment. Therefore, assuming the underlying desired

price follows a geometric Brownian maotion with drift, g follows a process written as follows:

® Notice that this cost can be interpreted as the punishment inflicted upon firm i for attempting to cheat on
atacitly collusive oligopolistic agreement to maintain agiven price level. Thiscost isassumed to be greater than the
benefit attainable by cheating in order for the punishment to be a credible one (Green and Porter). Wetest the
assumption of strategic complementarity in the empirical model below. Higher profits (negative costs) dueto a
rival’sincrease in price are not necessarily symmetric, but are allowed in this model.
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dg = Legdt + cgd, @

where - isthe mean growth rate, F isthe standard deviation of the process, and dz defines the Wiener
increment with properties: E(dz) = 0 and E(dz®) = dt. In order to derive the optima price-change
decison rule, compare the vaue of afirm that decides to change prices with one that does not using the
vauefunctionsin (1). With adjusiment costs, and uncertainty of the form shown in (2), the vaue of a
firm that does not adjust conssts of capitaized sub-optima operating profits plus the vaue of the option
to adjust prices, while the value of afirm that does adjust is the discounted vaue of optimal operating
profit. Note that, dthough our initid solution concerns afirm that decides to increase prices, adirectly
and ogous reasoning, with potentidly different adjusment costs, yields alower threshold for the
decison to reduce prices. Given the process represented by (2), the fundamentd differentia equations,
or asset equilibrium condition (Hull; Dixit 1989), for an firm that decides not to adjust is found by
goplying Ito’s lemmato the vaue function in (1) and equating the instantaneous expected return to the

required return on the firm's invested capita:

W2o2g*Vio’g® + peVy - pVN=p" - po (3)

where D isthe required rate of return and the other variables are as previoudy defined. The genera
solution to (3) isfound by trying g2 in the homogeneous part and solving the resultant quadratic

equation:

$@©) = (1)6%0® - 1) + ud - p = 0, @)

which hastwo roots $, < 0 and $, > 1 such that:
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(1 - 2p/0) +/- [(1 - 2u/cY + 8pla’2| ©)

BpB: = >

Further, because the wholesale price, and hence the ided price, driftsa an averagerate of - the

particular solution for afirm that adjusts must reflect this fact so we can write:

VN = ANgP + BNgH 4 p%p - pUip - ). ®)

for A, and B; to be determined, while the value of afirm that decidesto adjust is:

V4 = (@+p®-p"(p- 1), ()
Solving for these congantsis possible if we recognize that for smdl vaues of g the vaue of the option
to wait will be very low, so AN = 0. Further, at asufficiently highlevel of g, call it the upper threshold,

or g*, afirm will immediatdy adjugt its shdlf price so the vaue of a non-adjugting firm must equd the

vaue of afirm that does adjust less the fixed cost of adjustment:

PNE*y = BYg™ - wip-u)y + pp ®
= @ %P - W - F - C® - RpD = Ve,

because the value of afirm that adjustsis equd to the capitalized vaue of operating income at the
desired price level. Next, the smooth pasting condition requires that the incrementd vaue of waiting to

adjust prices as g rises must be equd to the incrementd vaue of afirm that has aready adjusted, or:
vNe*y = B,BYe*™ ' = 1 - u) = V™. )
The smooth pagting and va ue matching conditions yield two equations and two unknowns. Solving
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these for g* gives a closed-form expression for the threshold desired price change as a function of the

parameters of the modd:

g* = {B Bf 1}((}? + C® + RPDP - 1) - p/p). (10)
2

where $, is, in turn, afunction of both the drift rate and volatility of wholesale prices from (7) and is
drictly greater than onein value. Using traditional economic investment rules, aretaller changes prices
if the desired price change exceeds the annudized fixed cost of doing so: g* > (F + C(k) + R(pD)(D -
-). However, because $, is greater than one, the existence of areal option creates a wedge between
the traditiond and true thresholds that depends on the volatility of underlying prices and the magnitude
of the dl adjustment costs. Because asmilar reasoning and ca culation gpplies to the case when the
ided priceisfdling, the gap becomes even larger than that suggested by (10) and can, in fact, be
asymmetric depending upon the value of the $, parameter for falling prices. Either direction, waiting for
the disequilibrium to exceed a more distant threshold appears as hysteresis, or what we interpret as
retall pricefixity.

Empirica estimation of the Size of this gap is complicated by the fact that $, isahighly non-
linear function of the volatility and drift of desired prices. Willis, Slade (1999); Cabalero and Engel;
and Cecchetti, each edtimate different types of “ adjustment hazard function” in order determine the
factors that influence the probability that afirm changesitslist price. However, we are less interested
here in the probability of a price change than the Sze of the thresholds that give rise to fixity.
Consequently, the empirica mode we describe here not only provides estimates of each threshold, but

also ameans of testing various theories of price fixity. We explain how in the next section.
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Empirical Modd of Price Fixity

Hysteres's has many implications for the process followed by high-frequency, product-specific retall
price data. Firgt, the observed retail price will not change despite considerable variation in alatent
(unobservable) desired price. Second, the extent to which the desired price fluctuates before actua
prices are changed (the threshold disequilibrium) will rise with the volatility of the desired price leve.
Third, the thresholds will rise with the magnitude of fixed (menu) costs of price adjusment aswdl as
with the cogts of any lost consumer goodwill or punishment from riva price reactions. Fourth, the price
serieswill show sgnificant irreversibility, meaning that when price changes do occur, they tend to perdst
even after their apparent cause has disappeared, and fifth, upward price changes need bear no
quantitative relationship to the size of downward price changes so price adjustment may be asymmetric.
We test each of these hypotheses by specifying an econometric moded of economic “friction” (Rosett)
wherein observed retal prices do not change until an underlying desired price either rises aove, or fdls
below a certain threshold level. With this approach, we are able to test whether dternative
explanations for price fixity remain valid once we account for hysteresis. Prior to developing the
empirical friction modd, we first describe how we account for each of these dternate explanations of
price fixity.

In each case, we find that higher costs of adjustment, whether imposed by rivals, consumers, or
menu cogts, widen the hysteresis bounds and thus contribute to the fixity of retail prices. To measure
the firg effect, that emanating from riva price changes, we congruct an index of rival pricesin firgt-
difference form. Theindex consgsts of avolume-share weighted average of each competitor’s apple
price in each geographic market. We choose rival chain prices, rather than prices for potentia

subdtitute products within the same chain, for the same reasons that we use riva-chain quantitiesin the
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demand function above. Moreover, to account for irrevershbilities that hysteres's may cause, we dso
include the cumulative change of riva prices. If prices are indeed strategic complements, we expect to
seeriva price responses widen afirm’s own price thresholds as successive rounds of price cuts cause
an industry-wide loss in profit. Next, we define goodwill in terms of afirm’s reputation for maintaining
gable price levels. Changes to this accepted price, both now and in the past, represent an erosion of
goodwill that imposes a cost on the firm (Slade 1999). We measure goodwill in two ways. Firs,
consumers most recent memory is likely to be the most important, so we include a one-period lagged
changein the retail price to capture the most recent experience. Second, reputation is an inherently
dynamic concept, so we proxy afirm’s reputation for price stability by including the sum of the absolute
vaue of retail price changes since the beginning of the sample period. Taking these two factors
together, therefore, the cost of lost goodwill can be gpproximated as a linear function of each such that:
C(ky= "-lAP:l + ,_22 APS . Agan, induding cumulative changes alows us to test whether this
effect isirrevershble. Otth factors may arise not from consumer behavior toward the firm, but its own
cost structure.

Therefore, we account for changes in fixed cogts of price adjustment by including an index of
retailing coss. Retall cogts are, in turn, defined as an index of four cost components: labor in food
stores, labor in the finance, insurance, and read estate (FIRE) sector, an index of trangportation and
utility costs and an energy cost index. The weight of each component in the overdl index is taken from
USDA sources (Elitzak). We include both the most recent change and cumulative change in retail costs
and wholesale prices again to isolate short-run pressures to change price from any irreversihility
endgendered by hysteresis. Besides the three theories of pricefixity that we are able to test with the
variables defined so far, there are others that derive from structural conditionsin the industry.

In particular, the pressure to change prices may aso arise from attributes of the particular
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product market, namely the structure of supply (cost) and demand. If margind costs are constant over
awide range of output levels, then there is no competitive cost-pressure to change prices (Blinder, et
a.). Totest thishypothess weinclude aweekly measure of chain-level output to account for any Sze-
related cost economies. Specificdly, if there are any unexploited scale economies then we expect to
witness narrower price-bounds. In addition, countercyclica variaion in demand eadticities may aso
help explain retall price fixity. We account for this possibility by induding atime-varying esimete of the
inverse eladticity of demand, which we obtain by estimating an inverse-demand curve over the same

data s, into the second-stage friction moddl. The demand curve estimated for this purposeis:

Ptn = Bn T Blfﬂgn/y,) T Bgfgx T nggr T B4t T E Yi-nli t e,s (11)
i

where ¢° is own quantity, g isriva quantity, g" isthe quantity of other fruit sold in the same store, y is
regiona per capitaincome, M is astore-based binary variable, t isalinear timetrend and , is assumed
to beani.i.d. norma error term. With this function the time-varying inverse dadticity of demand is

N l=@p@ 1/ ,when evauated a the mean of the data. By controlling for these structura
factors, our tests of the remaining hypotheses are likely to be more credible.

As suggested above, testing the specific implications of hysteresis requires a specification that
captures the effects of: (1) irreverghility, (2) volatility, and (3) asymmetry on the desired price change.
We dlow for the possibility that each of the factors underlying price fixity has an irreversible effect on
actud price changes by segmenting each explanatory variable into two separate variables, one
representing cumulative increases from the previous period to T periodsin the past and the other
representing cumulative reductions (Vande Kamp and Kaiser; Wolffram and Houck). Definez asa

vector conggting of both changesin the underlying wholesale price as well as each of the “threshold
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factors’ -- previous own-price changes, riva price changes and changes in retailing costs — we then
write each varidble as.

z, = iﬁ mac[Az __.0], z, = iﬁ min[Az__,0]. (12)

To avoid the multicollinearity problems reported by Vande Kamp and Kaiser that result from including
eachof thed =0, 1, 2, ... T segmented regressors in the same modd, we restrict our andysisto one
vauedf T, conggting of the entire sample period. This assumption is useful for two reasons. Firg,
alowing for permanent effects of trangent phenomenais consstent with the notion of hysteress used
here. Second, the rdatively short sample period means that “ permanent” effects persast for alength of
timethat is easly within aretaller’ slikely price-planning horizon. Segmenting each explanaory varigble
inthisway aso dlows usto test for asymmetry in price response. Clearly, thereisno a priori reason
to expect the magnitude of upward price revisons to mirror downward revisons. Further, to alow for
the possibility that price changes exhibit more norma long term reversibility, we aso include lagged
vaues of the change in each ement of z. In contrast to the short term irreversibility case, a postive
responseto )z, impliesthat desired price changes of sufficient size induce a price response thet
reversssitself when )z ., returnsto its prior vaue. Including each of these variablesin alinearized
verson of (10) (Slade; Cabelero and Engel; Cecchetti) resultsin amode for the desired price change

asafunction of the wholesde price:

f:h = “wAPzw"'“ug A*le:i"'“ng Aplitu, (13)

-20-



and the option-vaues as afunction of each of the other eements of z

azh - BHAP:I"'Bng A*P:i"'ﬂng A-P:i'rBHAPtfl"'Bﬁg A*P:{"ng A-P:i+

BvA"z-l"'Bng A*"'z-t"'Bng A-"'z"'ﬂmn;l*ﬂulg:"'Bn“f"'B:s"'g Y M +u,,

(14)

where k = 1 represents the upper (+) threshold, k = 2 the lower (-), u, isani.i.d normd error term, **
isavector of parameters describing the effect of wholesade price variation on the desired price change,
and $ isavector parameterizing option values. However, the distribution of retail price changesis not
continuous as observed prices tend to remain fixed if the desired price change and option values are
between the upper and lower thresholds. Asiswell known, gpplication of ordinary least squaresto
(13) and (14) resultsin biased and inconsistent parameter estimates, so we require aframework that
instead recognizes that the distribution of retail price changesislikely to be censored at the upper and
lower thresholds.

To account for thisfact, we divide the datainto regimes of faling, rising, and stable prices and
estimate the parameters of the combined equations (13) and (14) using Rosett’ s friction modd. With
this gpproach, we are able to estimate both the size of each threshold as well as test the effect of each
explanatory variable on the extent of hysteresislikely to be present. Formally, separating the desired

price change into traditiona and option-vaue driven components, the observed price change becomes:

0 &) - OF® - w<0> ) - @ - us| O >0 B <0(15)

e @D - Or® - un geld - Opd - u,>0;
Apy = :
B - Oe® -t Sl - Op® -1 <0

Where g," isthe desired price increase, and g, isadesired price reduction. Assuming the error term u
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isnormaly distributed, M is the unit-norma cumulative dengity function and N is the probaility density

function, the likelihood function for the above problem is written as.

o s o) -
B (L) 2Rt 0)

o]

==

Iere = N {
H (16)

defined over regimes of n; observations where the price rises, n, observations where it fals, and n,
observations with no change. With this modd, we are able to estimate both the potentidly persstent
effects of each eement of z on observed retall price changes aswdl asimpact of drift and volatility in
underlying prices. Moreover, with high-frequency, store-level data on a specific grocery product we
are d 0 able to test whether price fixity isan artifact of imperfectly competitive pricing, if price changes
are inhibited by adjustment costs (or driven by changesin operating or acquidition cost), or if prices are

fixed due to consumer habit formation, brand loydty (store loydty), or counter-cyclica eadticities.

Data Description

The price datafor this study consist of two years of weekly observations of store-level retail scanner
and wholesde (FOB) prices for Red Ddlicious apples. We select Red Delicious applesto test our
hypotheses regarding price fixity for severd reasons. (1) our objectives are to investigate why price
fixity exists even in a product with volatile wholesae prices— typically not the case for consumer
packaged goods, (2) apples are the third largest component of the fresh fruit category in aggregate
behind only bananas and grapes, (3) Red Ddlicious gpples are the only variety offered consstently in dl

sample soresin adl markets, and (4) wholesale prices are readily available for fresh produce. Whereas
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fresh apples are available only on a seasond bag's, the widespread use of controlled atmosphere
storage over the sample period means that there are 104 weeks of price data for each market. Retail
price and movement data are from acommercid data vendor located in Chicago, lllinoisthat maintains
alarge-scale retail produce scanner database. Our sample consists of atotal of 24 retail accounts
(supermarkets) from sx regiond markets: Albany, NY, Chicago, IL, Dalas, TX, Atlanta, GA, Los
Angees, CA, and Miami, FL. These markets are selected based on the market coverage provided by
the available database (an average of 70% ACV (dl category volume)) as well as their geographic
distribution throughout major population centersin the U.S. The scanner data provide price and
movement datafor al product codes within a given category, SO we are able to congtruct a data series
that is as condgstent as possible among the sample stores. Wholesale prices are from the Washington
Growers Clearing House in Wenatchee, WA, while dl retaller cost and regiond income data are from
the Bureau of Labor Statigtics. Table one provides a summary of each variable used in the empirica
modd. This summary, however, does not reved the pattern of primary interest to us here.

[ Tablelinhere]

Mogt of the empirica analyses of price fixity in other industries devote a considerable amount of
effort in verifying that prices did indeed gppear to be fixed (Cecchetti; Lach and Tsiddon; Kashyap;
Levy et d.). More recent studies, on the other hand, take such observations as stylized facts and rather
seek to explain why they appear s0. Asthe only research to focus on a product that istypically
regarded as a commodity, however, it is particularly important for us to establish that price points do
indeed exig at the sore-level and that this price fixity is maintained in the face of consderable variation
inwholesale prices. Figure 1 shows the pattern of wholesde (FOB) prices in Washington State, the
primary source for most Red Ddlicious apples consumed in the U.S,, and retail prices for representative

goresin each of our six sample markets. Clearly, retailers absorb much of the variation in wholesale
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prices without passing changes immediately on to consumers. Infact, pricesin stores 1 and 3 do not
change over the entire sample period, while managers of store 4 appear to hold prices congtant for long
periods of time before making asignificant changeto anew levd. Only in Sore 6 do retall prices
change sgnificantly from week to week and even then gpparently not in response to changesin
wholesde prices. While others attribute such imperfect pass-through directly to imperfect competition
in the retail industry, our andys's suggests that there may indeed be other explanations that are entirely
consgent with optima firm behavior in a competitive industry. However, smple gragphics such asfigure
1 areinsufficient to prove this point, o we must defer to our econometric estimates.

[ Figure1lin here]

Results and Discussion

Given the results of Blinder et d., it isimportant to control for structural reasons why retail prices may
appear fixed in order to accurately estimate the independent effect of each potentia “behaviord” cause.
To account for the possibility that counter-cyclica demand dadticities explain price fixity, we first
edimate atime-varying demand eadticity for Red Delicious gpples o that we may include it asan
explanatory varigble in the full price adjustment modd. The results obtained by estimating equation
(12) areintable 2. Prior to interpreting these results, however, there are two features of this
gpecification that require further explanation. First, weinclude riva store quantities for Red Ddlicious
apples rather than quantities for other products in the same store because produce managers follow
amilar Srategies for each category, thus cresting multicollinearity problemsif we were to use same-
gtore quantities. Further, sdling strategies are formed a a chain-level so comparing sdes among
different varieties in the same chain would be uninteresting. Moreover, it isnot our objective to

congtruct an exhaustive mode! of store-level gpple demand, so we keep this specification as
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parsmonious as possible while ensuring that the dagticity estimates that result are congstent.

Second, there are plausible arguments for either price or quantity endogeneity in aretall
produce environment. However, it isour thess that managers adjust prices to clear markets when they
are provided sufficient incentive to do so. Nonetheless, instead of assuming price endogeneity a priori
we use a Hausman test to determine which specification is appropriate in these data. For both price-
and quantity-dependent specifications, ordinary least squares is efficient under the null hypothesis of
quantity- and price-exogendity, respectively, while two-stage least squaresis the only consstent
estimator under the dternative. Applying this test to the apple data, we find a Chi-square statistic of
5.795 for the inverse (quantity exogenous null hypothes's) and 540.105 for the direct (price exogenous)
demand moded. With four degrees of freedom a a 5% level of sgnificance the critica Chi-square vaue
1S 9.49, 30 we rgect the null hypothesis of price exogenety and fail to rgect quantity exogeneity.

Based on this result, we caculate the inverse price dadticity using an inverse demand moded. By
controlling for variations in the eagticity of demand in the price change modd, and variaionsin margind
cost by including chain-level measures of sdes quantity (and hence economies of scae), any remaining
evidence of fixity is more likely due to the possible causes outlined above. Prior to testing the
sgnificance of each of these factors, however, wefirg establish the vdidity of the friction modd.
[Table2in here]

At the core of thefriction modd is the assumed stochastic process underlying wholesale prices.
To determine whether (1) is an appropriate specification for gpple prices, we estimate the discrete
verson suggested by Dixit and Pindyck and test for the significance of the drift and volatility terms. At
a5% leved, wefail to rgect the null hypothesis that the drift in wholesale pricesis zero, so we proceed
with asmplified process for wholesde prices.

Next, we test the friction modd itself by applying three tests based on the parameter estimates
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shown in table 3: (1) the Sgnificance of both cumulative increases and decreases of z in each regime,
(2) asingle regime versus three-regime modd, and (3) zero threshold values. Thefird test isrequired
to determine whether a more parsmonious representation of observed price change is preferred to the
most general modd presented in (16). Thistest yields a Chi-square statistic of 829.894, easily
rgecting the amplified modd at a5% level of sgnificance and eight degrees of freedom. Therefore, we
conduct al subsequent tests using the generd friction modd. Second, we compare the three-regime
friction modd to one that conssts of a sngle price-adjustment regime. In order to nest the single-
regime specia case within the generd friction mode, we restrict all parameters to be equal between
upward and downward adjustments and apply alikelihood ratio test.” Thistest produces a Chi-square
datidic of 523.771, again suggesting rejection of the null hypothesisin favor of the generd modd at a
5% level and 21 degrees of freedom. Third, we determine if the price-adjustment function exhibits (s,
S s,) bounds smilar to those found by Sade (1999) or Sheshinski and Weiss by testing whether the
option vaue terms are equd to each other and jointly equa to zero (Shonkwiler and Taylor). Thistest
provides a Chi-square value of 203.464, so we again reject the null hypothesis of equdity at a 5% level
and 13 degrees of freedom. However, the existence of non-zero thresholdsis not the only implication
of hyderess.
[ Table3in here]

As explained above, three further hypothesis tests eval uate whether or not areal option vaue
and the attendant hysteretic effect represent plausible explanations for retail price fixity. In testing the
vdidity of the friction modd we establish the firgt of these, namely, that there isindeed a sgnificant redl

option value embedded in both the decision to increase and to decrease prices. Therefore, any desired

"As ngle-regime OLS modédl is not nested within the general friction model. If we reject the more general
two-regime dternative, however, single stage OLS will be more efficient than the likelihood estimation described in
equation (17). Note that thisis also atest of the symmetry of upward and downward price adjustments.
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price change must be grester (in absolute vaue) than in atraditiona menu cost mode by the vaue of
this option. Second, the remanence attribute of hysteresis suggests thet if athreshold is exceeded, the
effect will beirrevergble. A test of this hypothess involves establishing whether actud prices changein
response to ether current or cumulative changesin the desired price. If current (or most recent lagged)
vaues are more important, then any impact on actud prices of a change in the desired price must be
reversible, whereas the sgnificance of accumulated changes in the desired price suggesisirreversibility.
Given that lagged changes in wholesale prices are indgnificant for both price increases and decreases
(seetable 3), but their cumulative changes are sgnificantly different from zero in both regimes, we can
conclude that changesin the desired price do indeed have an irreversible impact on actud prices
changes — as expected if they exceed either the upper or lower threshold. If each of the other factors
have smilar irreversible effects, then these results may add support to the hysteresis argument.

The resultsin table 3 show that thisis indeed the case — that the single period lag vaue of each
variable exerts an inggnificant impact on the size of a price change, whereas cumulative changes are
ggnificant in both directions. Specifically, consumer goodwill, measured by recent and cumulative
changes in the own price, has an irreversible effect both when prices are risng and faling. Similarly,
changesin riva prices have an effect that persists beyond one period. This result supports Stiglitz's
contention that price fixity may arise out of a dynamic process of tacit collusion because the objective of
punishing ariva isto ensure that they don't change prices againg the better, collusve interests of the
industry group. Findly, changesin retailing cogts, both in terms of wholesde prices and menu codts,
have irreversible effects on own-price changes, but are not long-term reversible. Consequently, the
welight of empirica evidence of irreversibility or remanence provides considerable support for the
hysteresis hypothesis. Nonetheless, such persstence may ill be due to other factors (indtitutiona

rigidity, or time lags in implementation) so Hill condtitutes only partiad proof. A third factor, volatility of
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the desired price, however, is unique to the hysteress argument.

Mesasured as the three-week moving variance of wholesde prices to capture the underlying
volatility of supply, the estimatesin table 3 show that volatility isakey factor in determining red option
values, and hence reducing the rate a which observed prices change. For price increases and
decreases, the margind impact of aone cent change in the variance of wholesale pricesimplied by the
parameter estimatesin table 3 are -2.9 and -4.9 cents, respectively, suggesting that this effect is not
only gatigticdly sgnificant, but economicdly important aswel. Therefore, these results show that red
option values do exist with respect to both price increases and reductions and that they giveriseto
hysteresis, and hencefixity, in retall prices. This result supports a somewhat counter-intuitive prediction
fallowing from the conceptua modd, namely that retail prices will be morerigid the more volatile are
wholesde prices. Higher wholesde price volatility leads to a higher option vaues, which in turn, leads
to alarger hysteress effect. Intuitively, if aretaller does not know what his FOB price is going to be
from one day to the next, he is better off to not even try to track the changes with retail prices, but
rather hold hislist prices at long term average values. This does not mean, however, that the other
explanations are not vaid, but rather hysteresis may instead exacerbate other causes of price fixity.

Specifically, our modd alows for goodwill costs, strategic rivary, menu costs, and the structure
of both demand and supply as potentid complementary explanations. Assuming goodwill fdlsif afirm
changes an otherwise stable price, we expect own-price changes to widen the distance between upper
and lower price change thresholds. Given that the estimatesin table 3 imply that both cumulative
upward and downward price changes cause observed price changes in the same direction to be
smaller, thisimplies that price changes are attenuated by previous price changes. At least in these data,
goodwill costs are aplausible cause of fixity. Thiseffect isat least partialy supported by srategic

responses to others' price changes.
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Indeed, changesin rival pricesinduce asmilar effect to own-prices while prices are risng, but
an opposite one when they are faling. Normdly, anincreasein ariva price would cause a postive
own-price response if prices are drategic complements. However, if matching price increases impose
acos on the firg firm that increases the option vaue inherent in its own price change, then the desired
response is reduced through the hysteretic effect. On the other hand, when prices are fdling the
incentive for afirm to match itsriva’s price, whether positive or negetive, is greater than the option
va ue created s0 observed prices move in the same direction asriva prices. Thisissmilar to the
kinked demand curve argument of Okun or Sweezy where price increases are met with inherent forces
to reverse themsalves, but price reductions are not. More importantly, this result can be interpreted as
support for Stiglitz' conjecture that price fixity results from dynamic processes of punishment and
capitulation intended to sustain a collusive oligopoly. According to these results, price cuts by ariva
induce larger price cuts by afirm intent on punishing ariva for doing S0 as they revert to Nash
behavior. Similarly, price increases are met with “soft” responses asthefirm fadlsin lineto anew
cooperdive equilibrium. These results are particularly compelling given that we aso control for changes
in retailing codts.

In particular, changes in retailing costs tend to support price movements in the same direction.
In the first column of table 3, higher direct costs cause retailers to raise prices despite the fact that the
redl option value imbedded in this decison islikely to riseaswell. On the other hand, higher costs
support lower price reductions, while lower costs dlow retall pricesto fal faster. Again, itisclear from
this result that the direct effect outweighs the indirect effect in the opposite direction of wider price-
change thresholds. It may aso be the case, of course, that some of the effect of higher costsis reflected
in the econometric results through the coefficients on own-price changes. Despite the importance of

each of these factors, table 3 dso shows that structurd factors within the market are dso likely to
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impact the decison to change prices.

In contrast to each of the price or cost variables, the dadticity of demand and level of output do
not appear in cumulative-change form because the theory does not suggest that changesin either are
likely to causeretail prices variation, but rather their values are thought to condition the way in which
firms respond to other factors. In contrast to Rotemberg and Saloner, Warner and Barsky; or La and
Matutes these results lend support to anotion of pro-cyclica rather than counter-cyclica demand
eadticities. Because the variable O is an inverse-demand dadticity, higher vauesindicate a“ seeper”
demand curve, or amore inelastic demand curve as traditionally measured. Therefore, we expect
retailers to be more willing to increase prices during a surge in demand, rather than less asthe
aforementioned authors suggest. Indeed, this result is opposite to the expected effect if counter-cyclical
demand dadticities are truly a ructurd cause of pricefixity. On the supply Sde, however, the gople
price data show that attempts to either raise or lower prices are atenuated with greater saes levels.
Smaller price changes with higher quantity tend to support the notion that prices will be fixed if margind
cost curves tend to flatten with scale. Because of the complexity of retailing costs and the imprecision
with which they are typicaly measured, however, amore careful andysis of thisissue would be

required to arrive at amore definitive conclusion.

Conclusonsand Implications

This study addresses the ongoing debate over the cause, or causes, of retail pricefixity. While much of
the higtorical concern over price fixity focuses on the role of fixed nomina prices in monetary non-
neutrality, microeconomists are increasingly concerned with the efficiency implications of retall prices

that do not change even though wholesde prices exhibit significant volatility. Indeed, suppliersclam
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that fixed retall prices harm the supply sector because the price mechanism is not being dlowed to fulfill
its essentiad role as an dlocation mechanism. By insulating consumers from fluctuations in supply and
demand, suppliers are forced to absorb more volatility than would otherwise be the case. Further,
suppliers dso believe that consumers do not buy as much as they would if retail prices followed
wholesde fluctuations more closely. Consderable evidence exigtsin support of awide variety of
potentia explanations for retall price fixity, including fixed or menu costs of adjustment to Strategic
pricing behavior, consumer dynamics or structurd causes rooted in the shape of market demand or firm
supply curves. However, this study maintains that the presence of even small adjustment codts, arising
from any source, in an environment of ongoing uncertainty islikely to cause asgnificant red option
vaueto arise in any price-change decison. Thus, wholesale price volatility is likely to explain a
ggnificant part of pricefixity.

To test this hypothesis, we develop an empirical mode of economic friction which posits upper
and lower thresholds (option vaues) that must be exceeded before actud prices change. We estimate
this model with two years of store-leve retail price data on Red Delicious apples. Our results support
our centrd hypothesis that red option vaues and, hence, hysteresis are important factors contributing to
pricefixity. Perhgps counter-intuitively, this finding implies thet retall prices adjust more dowly the
more voldile are underlying wholesale prices. Because option vaues, and hence hysteresis, rise with
volatility, the optimality of doing nothing becomes more clear the more variable are wholesale prices.
Instead of trying to track day to day FOB price variations, therefore, a retailer will be better off to leave
pricesfixed at some long term average vaue. However, we also show that other types of adjustment
cog, namely lost goodwill, strategic punishment from riva retailers, or fixed menu costs tend to support
the hysteretic effect of red optionsin reducing the rate of retail price changes. In fact, the empirical

results show support for Stiglitz' notion that fixed retail prices may arise as aresult of retallers tacitly
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following trigger-price drategies intended to sustain cooperative oligopoly solutions. If thisisindeed the
case, then there is a strong anti-competitive argument to the existence of fixed retail prices. Other
causes, however, are entirely congstent with competitive behavior.

Indeed, our results support the contention that retail price fixity arises Smply from reatively flat
cost curves among retail outlets. On the other hand, we do not find support for arather large part of
the literature that argues for retail price fixity as an artifact of counter-cyclica price dadticities. In fact,
we find the opposite is more likely to be true in our retail gpple price data.

In order to arrive a more conclusive evidence as to the causes of price fixity, however, future
research should seek to gpply asimilar, generd framework to other retall price data— data for other
products, tempora samples, or even levels of the vertica marketing channel. Further, deeper scrutiny
of thisissue would invite the analysis of the role of multiple productsin retailers product portfolio
amilar to Lach and Tsiddon or amore detailed andysis of the price change process dong the lines of

Zbaracki et al.
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Figure 1. Store-Level Retail Pricesin Six Marketsand Wholesale Price: 1998 - 1999
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Table 1. Summary of Retail Apple Price Model Data: 1998 - 1999

Variable! N Mean Std. Dev. Variance Minimum M aximum

p° 2080 1.034 0.306 0.093 0.200 1.580
o 2080 37.697 55.119 3038.200 0.022 768.440
pR 2080 0.682 0.285 0.081 0.000 1.452
o 2080 35.951 49,741 2474.200 0.008 549.560
p" 2080 0.257 0.039 0.002 0.190 0.330
F2, 2080 0.224 0.209 0.044 0.003 0.884
C 2080 7.435 0.428 0.183 6.597 8.406
) Joi 2080 0.002 0.085 0.007 -0.720 0.59

Yin thistable, the variables are defined as follows: p° = retailer’s own price ($ per pound); o° = retailer’s

own weekly quantity movement (‘000 pounds); pR = index of rival prices for each store and market; o = weighted

average of rival’s shipments; p¥ = wholesale or FOB price; F?,, = moving variance of wholesale price; C = input price

index, and )p° = weekly change in retail shelf price.

Table 2. Store-Level Retail Apple Demand

Variable Estimate'
Qly -0.019* -7.857
gr -0.001* -3.143
o 0.005* 7.896
t -0.001* -10.2
Constant 0.554* 9.458
R? 0.899

! Inthistable, asingle asterisk indicates significance at a5% level. Store-level effects are not included in
this table due to space constraints, but are available from the authors.
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Table 3. Estimates of Retail Price Friction Modd

Variable Price Increases Price Decreases

Variable Definition Estimate t-ratio Estimate t-ratio
Underlying Prices:

A _p: 1 Lagged change in wholesale price -10.269 -0.313 -9.257 -0.346
S-Ap” Cumulative decrease in wholesdle 17.321* 2213 15.349* 2.842
Z*Apt Cumulative increase in wholesale -33.680*  -3.541 -4.709*  -4.300
Structural Factors:

0 Inverse elasticity of demand 0.002* 2.642  0.003* 2.233
o Own quantity sales -0.051* -146.94  0.043* 3.658
Threshold Factors:

A _p£1 Lagged change in own price 19.112 0979  10.436 1.852
=-Apl, Cumulative decrease in own price ~ -11.603*  -3.343 -20.569*  -6.483
n* AP:k Cumulative increase in own price -7.674*  -2196 -23.719*  -7.515
A _pf 1 Lagged change in rival price 5.760 1.682 3.341 0.787
)y Apf,' Cumulative decrease in rival price -7.375* 3122 5122 2469
ot Apfk Cumulative increase in rival price -5.584*  -2187  3.133* 3.350
AC,_, Lagged change in cost -6.24  -1.282 6.005 1.263
Y°A Cr Cumulative decrease in cost 1.167* 2590 -1.486*  -2.806
Y*A Co x Cumulative increase in cost -4.624* -2.04  4.897* 2.285
Constant Constant term 16.410* 10.182 -14.650* -8.862
F2 Wholesale price variance -2.897* -3.109  -4.900* -3.872

Yin thistable, asingle asterisk indicates significance at a 5% level. The variables and parameters are defined as

follows: p° = retailer’s own price, pR = index of rival pricesin same market, p® = wholesale (FOB) price, C = index of

input prices, O = inverse price elasticity of demand, g° = level of own output for each store, and F? = variance of

wholesale prices.
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