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I. Introduction

The aim of this paper is to provide an upper bound estimateof the rate of convergence

to purchasingpower parity (PPP). The speed at which relative prices move toward parity is

important for theories of exchange rate determinationand for open-economy macro models,

almost all of which employ versions of PPP. Professional wisdom regarding the rate of

convergence toward PPP has runthe M gamut- from fairlyhigh, to nearlyzero, andnow, back

to positive but slow. In markets for goods and services there is little expectation that price

disparitieswill instantly disappear as they do, for example, in tiancial markets, due to both

explicit and implicitbaniers to the flows of goods and services. We examine convergence in a

context where many of these barriers are absent in order to quantitatively assess their

importancein marketsless integrated.

Not long afier Jacob Frenkel’sseminalwork (1978) which provided evidence supportive

of convergence to PPP during a hyperinflation,many subsequentstudies concluded a “collapse

of purchasingpower parities.”1 In particular,these studies failed to reject the hypothesis that

real exchange rates foflow a random walk, which implies that any deviation from PPP is

permanent. This haling undermined cofidence in a wide range of open-economy macro

models that assumed some version of PPP, including monetary theories of the exchange rate,

andDombush’s overshooting model,

Recent research has focused on increasing statisticalpower by using longer time series

(Frankel 1986, Edison 1987), and on combining cross-sectional and time series features of the

data (Abuaf and Jorion 1990, Frankel and Rose 1995, Papell 1996, Wei and Parsley 1995).

These studieshave been considerablymore successful at rejectingthe unit root mdl hypothesis.



While these studieshave found mean reversion in real exchange rates, the implied half lives of

between three and sevenyearshave been diflicultto interpret.

In this studywe focus exclusively on prices withinthe United Statesin order to establish

a naturalbenchmarkfor comparison to internationalevidence.2 The use of this dataset abstracts

from two potentially important influences on the rate of convergence: trade barriers and

exchange rate volatility. Additionally, the higher degree of fictor market integration firther

limitsdeparturesfrom price parityandthusfacilitatesconvergence. A second importantfeatureof

thisstudyis theuse of commoditylevelprice data. Thuswe implicitlycontrol for termsof tradeand

otheraggregationeffectsthatcanimpactconvergmce estimates.A Wer benefi is thatwe areable

to makedirectcomparisonsof how ratesof convergmce depmd on the degreeof tradabilhy.Frnally,

we explicitlyexaminetheeffects of taxesandtransportationcosts on estimatedratesof convergence.

To our knowledge,thisis thefist studythatlooks atthe effectof tax rateson convergence.

Section II describes the data and its collection in more detail. Section III be~s by

provitig some summary statistics on the price data and subsequentlyprovides estimates of

rates of convergence. Mer comparing rates of convergence across (and within) tradable and

non-tradable groupings, we investigate other tiuences on our findings. A final section

summarizesour mainconclusions.

n. Data

The 51 finalgoods and setices pricesm our panelare sampled(quarterly)from 48 citiesm

the United States over the period 1975.1 through 1992.4. The data set rncludesprices of both

tradableandnon-tradablegoods andservices. me price datawas assembledfrom publicationsof the

Americm Chamberof Commerce ResearchersAssociatio~ andrnckded m the publicatio~ Cost of

Living Index (heretier, Index). Each quarterlyisme of the Index containscomparativeaverage
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price datafor a sanrpleof urbanareas,and a cow of livingrndexcomputed from these databy the

association.Inthisstudywe use onlytherawprice data.

me actualdatacollectionis done by the local Chamberof Commerce staffor vohteers for

the Chamber,and is vohmtary. Explicit instructionsand data forms are provided for each data

coflectorby the association.3Some prices areobtainedby phone andusuallythe respondmtsdo not

bow it is for a survey. Once coflecte~ the datais sentto one of nine~erent regionalcoordinators

for checking. Frndy, the datais sentto Houstonwhereit is tran~erredto computerandsubjectedto

both computer and visual checks for outliers. Publicationoccurs approximatelytie and one half

monthstier the originaldataarecollected.

Consequentlythe sampleof citiesrnckded m eachissueof the Index varies. At thebeginning

of our sampleperiod therewere one hundredsixtysix citiesandforty four itemspriced. Thenumber

of cities stea@ rncreasedto two hundredninetysevenm 1992.4; however each report containsa

distinctsanrpleof cities. In an attemptto constructa balancedpane~we choose a sampleof forty

eightcitieswhich appearedmrou~ ninetypercentof the quarterlysurveys.

The goods and services sanrpledhowever are much less variable,though there have been

additionsto and subtraction’sfrom the list. For this studywe selected~ one goods and services

(heretier, commodities) with three criteriam mind. First, for each commodity we wanted wide

coverage m terms of availab~ across cities and over time. Second, we wanted variationm the

degreeof tradabilityof the commoditiesrnckded m the dataset. Frna&,we wantedhomogeneitym

the detiions of the commodities over time. Some commodities did however, change duringthe

sampleperiod; typically as a resuk of a change m manticturer packaging, This change was

accountedfor by assigninga missingvtie to thelastquarterpriorto thechange.
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For M study,we clas~ the goods rntotradables(41) andnon-tradables(mo~ly services)

(10), for atotalof51 goods andstices. Withinthetradablecategory,we make a fi.ntherdistinction

betweenpetiable goods (mostlyvegetablesand dairyproducts) andnon-petiable goods. These

categorieswere designed to facilitatethe presentationof our resuks. we it is true that the

grouprngsneces- rnvolve some mbjectivejudgment, redetignatrngcertaincommodities rnto a

~erent catego~ wotid not changethe basic conchsions. Appendix tablesAl and A2 provide a

completelistanddescriptionof d commoditiesandcitiesrnckded mthisstudy.4

Briefly, ow sample of (15) perishablegoods rnckdes prices for: bacon, bananas,brea~

cheese, eggs, tied chick% groundbeet lettuce,margarine,McDonalds hamburger,~ potatoes,

pizza, stem an~ whole chicken. The prices arefor some standardunit,e.g., per pound. The (26)

non-perishablegoods are: asp~ baby foo~ beer, cigarettes,coffee, com fikes, fio~ cow game,

jeans, liquor, man’s shirt,canned orangejuice, cannedpeaches, shampoo, shortening,sofi @

sugar, canned peas, tennisballs, tisue, canned tomatoes, toothpaste, tuna, underwear,washing

powder, Wrne. The (10) non-tradablegoods m the sampleare: appliancerepair,auto maintenance,

beauty salo~ bowling, dentist,doctor, @ cleaning,hospitalroo~ man’shaircut,and the price to

attenda firstrunmovie.

The tax dataarecombrned(state,county,andlocal) salestax ratescollected from each local

~sdiction’s taxingauthority,e.g., theDepartmentsof Revenue. me datawere typic~ obtainedby

phone, though some jurisdictionsprovided w-rhtenWories of tax rates and exemptions. For this

studyit was also necessaryto determinewhetherthe good was wbject to a ~eratial (rnckding

possiily exempt)tax ratesrnceour samplernckdesmanyfood andsetice itemsmd thetreatmat of

theseisnot uniformacross~dictions. For our studytheprimarydifferenceacrossjurisdictionsis m

thetreatmentof grocery items. Thuswe createdtwo tax tableswith tax ratesfor groce~, and one
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for non-~ocery items,for each city. The group we designateasperishablesis composed excksively

of groceryitems. Ournon-perishablesgroup also containssomenon-groceryitems. Finally,thenon-

tradablesgroup containsservicesfor which thereis generallyno salestax payable explicitlyby the

customer. For this reason,we excludenon-tradedgoods from the analysisexplicitlyincorporating

taxes. AppendixtableA3 provides some summarystatisticson the tax data. For each city,the table

records (a) the salestax ratesm effect m the lastquarterof our sample,andthe changein tax rates

between(b) 1975-1984, and(c) 1984-1992, for both groce~ andnon-grocery items. The summary

statisticsat the bottom of the table indicatethat there is wide variationacross cities thou@ less

variationover time.

ILL Convergence

A Basic Statistics

Before discussingour regressionresults,it isuseti to look at some summarystatisticson the

variabilityof price ~erentials andon meanabsokte price Wermtials thatarepresentedin TableI.

In the table we compare the three groups on the basis of these two measuresof the rnterc~ price

Merentials over time. Our benchmarkcity is New Orleans. As a robustnesscheck we have also

consideredusingNew York asthebenchmarkcity; thischangehas littleeffect on the conchsions we

draw.

Define the (pretax) price difference, Qti,~, as the percentage Mermce m price of

)commodityk attimet betweencitiesi andj, ie., Qti,ti= ln(~,k, /Pj,k, . The naturalbenchmarkfor

Qti,viSzero. However, givenimpedimentsto arbitrageof goods andservices,theprice ~erence at

anyporntm time may ~er from zero. In models presentedin Engel andRogers (1994), andWei

andParsley(1995), prices in two locationsmay ~er at anyporntm time,but these Merences are
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bounded due to the cost of wbitragebetweenthe two cities. me width of thisband increaseswith

transportationcosts, which canbe approximatedby distance. ~ impliesthatboth thevariabilityof

Qy,ti, andthe mean absokte deviatio~ i.e., the mean over time of ln(~,,,,/~,k,,) , are positively

relatedto transportationcosts betweencities.

From Table I we see that, of the three groups, perishableshas on average, the highest

vatibility of the inter-cityprice ~erential while services has the highest mean average price

~erentiaL The highervariabilityof petiables price ~erences cotid be due to seasonalvariation

m eitherthe arrivalo~ or demandfor, some of thegoods mthisgroup.

It is use~ to linktheseindicatorsof the maguitudeandvariab@ of price ~erentials with

the costs of arbitrageactivities,which is whatwe turnto m Table II, The tablepresentsreds by

group (i.e., perishables,non-perishables,and services)on the impact of distanceon rnter-c~ price

differentials. Following Engel and Rogers (1994), and Wei and Parsley(1995), we approximate

transportationcosts by distanceasmeasuredby the “greatercircledistance”betweenthe cities.5 The

resultsin Table ~ overwhelminglympport the implicationof thesemodels thattransportationcosts

permitprice ~erences betweencities,andthe&of such~erences rncreasesW arbitragecosts,

From the table, the distance between two cities is positively related to the variabilityof

price Merences for all three categories, with the effect being the strongest among tradables.

The resultsfor mean absolute price differentialsis presented in Panel B. Again, the implication

of the models is strongly supported. We explore a possible non-linearityin this relationshipby

adding a squared di~ance term to these spectications: the distance effect shows ~erent

convexities for tierent product groups but the convexity features depend on whether we

examinethe variabilityof or mean absoluteprice ~erentials.
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B. Testingfor Stationariwand EstimatingRates of Convergence

In this section we proceed in two stages. First, we test whether it is possible to reject

the unit root hypothesis, and we ask whether the answervaries systematicallyacross products.

Mer rejecting the unit root we turn to the issue of convergence speed. At this stage the

possibility of measurementerror must be considered, which leads us to additional estimations

prior to reporting rates of convergence. For expositional convenience, we discuss each of the

three groups separately.

In our test, the nullhypothesis is a (Mless) random walk, The alternativehypothesis is

a zero-mean AR(1) process common to all city-pairs. All regressionsreported use New Orleans

as the benchmark city, i.e., we examine d~erences in prices in other cities relative to New

Orleans. More precisely, for each commodity (k) the basic regression specificationis:

where Qi,kz is the log-difference in the price of product k in city i relative to New Orleans at

time t, and, A is the fist d~erence operator. The lag structure, s(k), used to account for

possible serialcorrelation in the error te~ is determinedon a product-by-product basis as in a

univariateaugmentedDickey-Fullertest.

Results of panel unit root tests for the first category (i.e., non-perishables) are

summarizedin PanelA of Table ~. The table presentsthe tests on a commodity by commodity

basis. Levin and Lin (1992) have shown thatpanel data can dramaticallyincrease the power of

the unit root test, and that in contrast to univariatecase, the test statisticin a panel context is

asymptoticallynormal. In all cases, the point estimateof ~ is negative. According to Levin and

Lin, the criticalvhes for t=50 andN=50 (approximatelyour panel size) at the 1Yo, 5% and 10%
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levelsare-2.38,-1.71, and-1.35. Usrngthesecriticalvalues,we rejectthe unitroot for twentytwo

of thetwentysixproducts(or 850A)atthe 10% leve~of whichtwmty arerejectedatthe 5°/0level.

In Panel B of Table ~, we examine the (15) perishables, and (10) services. For

perishables,we can reject the random walk nti at the ten percent level for an overwhelming

majority(80°/0, or twelve) of the commodities. In fact, we can reject it at the 10/0level for ten of

the ~een goods. Even for our fial group of mostly services, we can reject the nti at the 10%

level in half of the cases; it can be rejected at the l% level in four of the fie cases. ~s implies

that price differences for many of the item that wodd be called “non-tradable” in an

internationalcontext are disciplinedto not wander away from zero indefitely.

Thus, the bti of the evidence rejects the randomwalk nullhypothesis in favor of a zero-

mean stationaryprocess for all three categories. Does this imply that the distinction between

tradablesandnon-tradablesis unimportantwithina given country? Not necessarily, since so far

we have not addressed the issue of the speed of convergence. Under the assumptionthat the

Qi,kJ process is a zero-mean AR(l) process, the rate of convergence is positively related to the

absolute size of the estimated coefficient P.6 In Figure 1, we plot the empirical density

fictions of the estimatedAR(1) coefficients for the three categories based on the estimatesin

Table III. As can be seen, the estimatedcoefficients for the service items tend to be smallerin

absolute magnitude than both the perishables and the non-perishables groups. That is, on

average,the deviationfrom price paritytends to last longer for services.

Figure 1 approximatelyhere]

A tiher way to examine dtierences among the three groups is to focus on the median

convergence rate for each group. That is, for each group, we calculatethe implied half-life for

the product whose AR(1) coefficient is the medianvalue in the group.7 The medians are com
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flakes (-0.123), tied chicken (-0.157), and beauty salon visit (-0.044), for non-perishables,

perishables,and services, respectively. These coefficient estimatesimplyhalf-lives for deviations

from panty of approximatelyfive quartersfor non-perishables,four quartersfor perishables,and

~een quartersfor services.8 Thus in fact, the median convergence rate is substantiallylower

for the services category thanfor eitherof the tradablecounterparts. In a broader context, both

tradable categories converge substantiallyfaster than rates estimatedin an internationalcontext

(typicallywith a half-life of three to tie years, see Frankeland Rose, 1995, for CPI-based real

exchangerates, andWei andParsley, 1995, for tradablesector price indices).

C. CiN g ecific effects

So far, the only alternativeto a random walk null that we have entertainedis a mean-

zero AR(1) process. We may also want to consider non-zero city-~ ecific means. This is to

allow the sale prices of the products to reflect the cost of local non-traded components (e.g.,

extra store security guards in a more crime-prone city). Additionally, we may want to control

for possible seasonal effects. Specifically, we augment the basic specification in Table 111by

allowing city and quarterdummies,i.e.,

S(4

A Q1,@= PQi,ti.l + ~Y. A Qi,ti-l+ Z Ciwand quarter dummies+ &i,@
m=l

The results are reported in Table IV. We also perform an F-test to see if the city

dummies are jointly significant. It turns out that for about sixty percent of the time, the city

dummies arejointly significantif we use a 10% critical value. As demonstratedby Levin and

Lin (1992), the criticalvalues to reject the unit root null increase dramaticallyin a tied effects

regression relative to a dorm intercept case, and a comparison of their figures 4 and 9

indicatesthatthe power to reject the null also declines. According to their Table V, the critical
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values at the 10/0,5°A and 10°/0levels for T=50 and N=25 (approximately our panel size afier

allowing for lagged dependent variables) are -8.25, -7.71 and -7.39, respectively. Based on

these criticalvalues, we can reject the unit root null far less frequently than for the case of a

zero-mean AR(1) process as the alternative: 53°/0for perishables,310/0for non-perishables,and

only 10°Afor services. This resultechoes that in Frankeland Rose (1995) who, using a panel of

real exchange rates from IMF member countries, also fid it hard to reject the unit root null

when fied effects are allowed.

In an effort to increasethe power of the @atisticaltests we pooled the data and repeated

the estimation. Appendix Table A4 summarizes our results. In the table we report two

specifications, which dtier only in what dummies are included in the regression. In the first

regressionwe include only city-pairdummies,and in the second regressionwe include both city-

pair andproduct dummies. For these regressionsthe criticalvalues in Levin and Lin ( 1992) for

T=50 and N=300 (the largest cross-section dimensionsthey report) are -23.03, and -22,72, for

the 5Yo,and 10% levels respectively. Using these criticalvalues, we can reject the unit root in

regressions with individual spectic intercepts only for perishables. Thus the inclusion of

individualspectic fied effects greatly diminishesour abilityto reject the unit root hypothesis.

Note that for non-perishables and setices, the point estimates obtained from the pooled

estimationarebroadly similarto those reported in Table III, though for perishablesthe estimate

of convergence is somewhat faster.9

In an internationalcontext various authorshave found results sensitiveto the choice of

benchmark currency (e.g., Frenkel 1981, and Fisher and Park 1991). We repeated the panel

augmentedDickey-Ftier tests using New York as an alternatebenchmark city. Appendix Table

10



A5 summarizesthese re~ts. Our abilityto reject the nullis virtuallyunaffected by the choice of

benchmarkcity. Thus in what follows we use the New Orleansbenchmarkexclusively.

D. Tax adjustment

As noted in Caves, Frankel and Jones (1995), tafis and transportation costs create a

band within which the real exchange rate can fluctuate. Moreover, time variation in taxes or

transportationcosts suggests the band itselfwould W. There is littleguidance in the literature

however, concerning whether PPP should hold on a pre-tax, or tax adjusted basis. One might

conjecture that consumers care about post-tax prices while producers respond to pre-tax prices.

That is, a Sufficientlylarge post-sales tax price tierential between two cities would induce

consumers to arbitragethe difference. Alternativelyif pre-sales tax prices between two cities

divergetoo fm, producers would respond and arbitragethis Werence.

Define ~.,~J be the tax adjustedprice difference for product k at time t between city i

and New Orleans,

Also, detie Z,,k,

8,k,f(1 + ‘i,k,r)i.e., &,k,,= log where t is the tax rate and j = New Orleans
‘j,k,t(l+ ‘j,k,t)

>

to be either Qi,k,,, or ~.,k,t,depending on which one is smaller in absolute

value. Thus Zik, is the minimumprice difference at each point in time.

In Tables V and VI, we repeat the tests for these (minimum) price d~erences. Since

salestaxes generallydo not apply to the services in our study, we restrictthe discussion to the

two tradable~oups. From the tableswe see thatboth the estimates,and our abilityto reject the

null hypothesis, are virtuallyunaffected. What these tables suggest is that explicit sales taxes

have a minimalinfluence on the time seriesproperties of deviations from price parity. Thus, in

the remaininganalysiswe focus on the non-tax adjustedprice ~erentials.
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E. MeasurementErrors

The convergence rates reported earlier assume no measurementerror in the data. H,

however, the price data are collected tith measurementerror, the estimatescould be affected.

To see this, suppose the true process is given by:

(2) Q:= M;-f + s, ,

where Q;, the true price, is unobsewable. We actuallyobserve Q, = Q: + u,, where u, is a zero-

mean, serially uncorrelated measurement error. This implies that Q, = ~,.l + E,+ u, - flu,_,,

which is almost anARMA( 1,1) process.

We attempt to gauge the impact of the possible measurement errors using two

approaches: (1) a restricted ARMA(l, 1) specification, and (2), an instrumental variable

approach. In both approaches, we reduce the dimensionalityof the problem by choosing the

three products which bracket the median from each of the three categorieslO. We also restrict

our sampleto the ten cities (in additionto New Orleans)with the fewest missingobservations 1.

me fist column of Table ~ reportsa simple~ 1) estimation. In the second cob, we

estimatean X 1,1), in which the moving averagecoefficientis restrictedto be the minusthe

autoregressivecoefficient (8 = –~). Thisrestrictionapproximatesthatimphedby the assumptionof

an ii.d. measuremmt error. As one can see, the autoregressivecoefficients m the restricted

-1,1) are tiost always larger than those m the straightAR(l) regressions, Hence a

straightfonvard~ 1) regressio~ ignofig possille measurementenor, exaggerates rates of

convergence. Cok 3 of Table VII presentsthe resultsof unrestrictedARMA( 1,1) re~essions.

Comparing unrestrictedand restricted ARMA( 1,1) regressions, the coefficient restrictions are

rejectedm allcases.12
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Our second method of accounting for pos.si~lemeasurementerrors is to employ an

instrumentalvariableapproach. Specifically,we use Q,_j as an instrumentfor Q,.l. According to

our assumption%Qt_Jis clearlycorrelatedwith Ql_l, yet uncorrelatedwith the error termsm the

basic ml) regressions. The IV-estimationreds are reported as the last coti of Table VII.

There are two noteworthy featuresfrom this COW. First,the coefficient estimateson Q,_l are

higher tian the corresponding ~1) estimates,imp~g that the rates of convergence for all

products are somewhat slower tier accountingfor possible measurementerrors. And second,

consistentwith our earlierresuks,tradablegoods gener@ converge to the law of one price tister

thansefices. Usingthe lV estimatesm Coti 4, thehalflivesfor themedianproductsbecome 4.5

for non-perishables(corn flakes), 3.5 quartersfor perishables(fried chicken), and 10.5 for services

(Beautysalonvisit). Thesehalflivescorrespondvery closelyto those reportedearlier(5,4, and 15,

respectively),suggestingour estimatesderived from augmentedDickey-Fder spectications also

approtitely addressthemeasurementerrorsissue.

F. Non-linearitiesmtherateof convergace

We ti to how whetherconvergmce isnon-linearmtheinitialprice ~ermce, asfoundby

e.g., Wei andParsley( 1995). Inparticti, convergencemayoccur fister if the initialprice ~erence

is wider. For ease of expositio~ we pool the data,andreportreds for each of our threegroups.

To examineformallywhetherthereis a non-linearpatternm the rateof convergmce, we add a term

of the initialdeviationsquaredto the regressio~ and add product dummies. To be precise, the

specticationfor eachgroupis,

16

(3) AQu,kt = Po Qv,kt.l + Y Q;,k,t-1 + ~~m AQv,kt-m + dummies+ Sti,k, .
m=l
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The quarterlydecay rate now becomes: ~, + 2y Qti,h,,.l. The estimationresultsare reported in

Table~. Inthetablewe reportfour specificationsdependingon the structureof lagged dependent

variablesand additionalfixed effects. As k clear from the table, the conclusion does not depend

cruciallyon the spectication. In particular,the squaredprice Wermce is statisticallysigni6cantfor

allthreeproduct/servicecategories,andfor virtuallyal specifications.Thus,thereis strongevidence

thattherateof convergmce dependson theinitialprice Werentm i.e., convergenceoccurs fasterfor

largerprice ~erences.

Reds m Table ~ imply that distanceis a fictor m explainingrnter-cityprice ~erential

variabilhy,i.e., price Werentials aremore variablefor citiestier apati. We now ask whetheran

effect efis on ratesof convergence. In Table IX we augmentthe basic spetication (equation 1)

with two more terms. The fist is log distanceand the second is an interactionterm between log

distanceandtheinitialprice difFerent~

(4) A Qti,ti= Oh(distance) + flo QV,M.,+ y QU,ti.,ln(distance) + ~fl. A Qv,@-m+dummies + Eti,ti.
WI

Redts in thetableprovide evidencethatconvergenceratesareslowerfor citiesfirtherapart.

The impliedhalf Me now depmds on the distancebetween the citiesm questionand on the initial

price ~erence. An approximationcanbe obtainedhowever by usingthe averagedistancebetween

citieswithintheUnitedStates(856 milesusingNew Orleansasthebenchmarkcity) andthe estimates

obtained from Tables III. Using the reds m Coh.unn4, the (approximate)half lives for non-

perishables,perishables,andsetices are6,3, and 14 quarters.13

We are now in a position to ask how the convergence rates estimated in this paper

compare to existing estimatesobtained from cross-country data. That is, our lower estimated

convergence rates may simply reflect the fact that cities within the United States are closer to

one another than “typical” internationalcity pairs. Indeed, the average distance between the
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OECD samplein Wei and Parsley(1995) is 3285 ties (using the United Statesas a benchmark)

as compared to 856 miles for this sample. According to the estimatesin Column 4 of Table IX,

if distancewere the only factor ~erentiating cities within the United States and OECD cities,

the average half lives among OECD countries wotid be (approximately) four to seven quarters

for tradables, However, estimatesm Wei and Parsley(1995) for tradablesector price indices are

closerto four years!14 Simibirly,if distancewere tie only fictor, thenprice Wermces for services

thatwotid be clastied “non-tradable”rntemationally,would have a halfMe of about 18 quarters,

Thuswe conckde that distanceexplainsonly a smrdlpart of the Mermce between domestic md

rntemationalestimatesof convergence.

Iv. Conclusion

To summarize,there are a few noteworthyobservations. First,tradablegoods (perishable

andnon-petiable categories)convergevery fist to price parity. The hti life of the price gap for

tradablegoods is roughlyfour to tie quarters(fied chickenandcom fikes), and~een quartersfor

services(beautysalonvisit). Convergenceratesfor both tradablecategories@tiables and non-

perishables)aremuchfister thanthose found m crosscountry data; rndeed,the convergace ratefor

our leasttradablecategoryis on par with convergenceratesfound m studiesexaminingrntemational

tradablegoods. These conclusionsarenot tiected by thepresenceof tax ~erentials or by possiile

measurementerrorsin the data. Addition@, we presentevidmce of non-linearitiesm the rate of

convergence. Inparticti, convergmce occurs fasterfor largerinitialprice ~erences, andfir away

locations exhi%itslower convergence. However using these estimateswe find thattransportcosts

accountfor only a smallportion of themuchslowerconvergenceratesfoundm cros+count~ data.
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ENDNOTES

See the excellent survey in Froot and Rogoff 1996

2,

3.

4.

5.

6.

7.

8

9.

10.

11.

12.

13.

14.

Earlier studies examiting disaggregated prices include Richardson (1978), who finds that Canadian and United

States prices are only weakly relate~ and Rogers and Jenkins (1994), who are able to reject the unit root null in
fewer than one-sixth of the 54 disaggregated products they study. While these findings are discouraging, there
is reason to suspect the failures are due to the notoriously low power of common unit root tests. Recent work by
Levin and Lin (1992) demonstrates that statistical power increases rapidly in a panel setting.

According to phone conversations with the person now in charge of final data checking for ACCRA, the
reported prices were obtained as an average over a small number of sellers in the city (generally >3, and, since
1982, >5 & <10 sellers), on the Thurs&y, Friday, or Saturday of the first week of each quarter.

Our data set will be available for one year following publication, Requests should include a 3.5 inch IBM
formatted ( 1.44MB) diskette and a self-addressed mailer,

See The American Practical Navigator, 1977

The interpretation that follows is complicated by the possible presence of measurement errors. We return to
this issue in more detail below. For now, we assume there is no measurement error in order to obtain a
suggestive characterization of convergence rates across groups.

In the case of two medians, we pick the one with a smaller coefficient in absolute value

The implied half-life = ln(O.5)/in@)

On the other hand, the assumption the AR(1) coefficient is the same across products within a group, which we
impose here, can also be rejected.

That is, in the case of a single median, we choose the median, and one product above and below the median, in terms
of their rate of convergence as in Table 3. When there are two medians, we choose the pr~ct with the next smallest
mfficient estimate in ~lute due as the third product,

Missing values wre interpolated these the average of the values just prior and following the missing observations.
Some experiments with other interpolation methods, e.g, by choosing the value just prior to the missing observation,
did not ti~ our conclwions. S= Table VII for a list of the ten cities included in the estimations.

Let L. and L, be the log likelihood values for the unrestricted and restricted ARMA regressions, respectively.

Then, 2(LU-L,]has a X2distribution with a degree of freedom of N- 1, where N is the number of observations,
The five percent critical value is approximately 101.9 for dl products,

The half life was calculated as ln(O.5)/ (ln(l – P) + y ln(distance)) . Thisapproximationalsoignoresa

possible drift term in the time series representation of the price differential, The approximation yields an
estimate of the rate of convergence that is slightly slower than the true one when the drift term is small,

The estimates in Wei and Parsley (95) are in line with other cross-country evidence. See, e.g., Frankel (86),
Edison (87), who obtain estimates using extremely long time-series, or more recently, Frankel and Rose (95),
The estimates in Pawll (95) imply even slower convergence,
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TABLE I: SUMMARY STATISTICS

Mean Standard Deviation Observations
VariabiliW of Price D~erential

Perishables ,149 .058 705

Non-Perishables .129 .046 1222

Services .132 .049 470

Mean Absolute Price Merential

Perishables .144 .066 705

Non-Perishables .125 .052 1222

Services .156 .082 470

Notes: Price differential variability is defied as the standard deviation over time of the
percentage price ~erenCe ( Qy,k) = ~(~,k, 1 q,k,t ) ). Mean absolute price differential is

defined as the mean absolute deviation of log prices between cities, i.e., the mean over time

1( )1of h ~ kJt Pj ~~ . Where ~,~,, is the price of good k in city i at time t. For these,,

calculationscity i is New Orleans.

The three commodity groupings are:

Perishables
Bacon, Bananas, Bread, Cheese, Eggs, Ground Beet Lettuce, Margarine, Milk, Potatoes,
Steak,Whole Chicken, Fried Chicken, McDonalds, Pizza.

Non-Perishables
Aspirin, Baby food, Beer, Cigarettes, Coffee, Corn Flakes, Frozen Corn, Game, Jeans,
Liquor, Man’s SM, Canned Orange juice, Canned Peaches, Shampoo, Shortening, Sofi
Drink, Sugar, Canned Peas, Tennis balls, Tissue, Canned Tomatoes, Toothpa3e, Canned
Tuna, Underwear,Washing Powder, Wine.

Services
Appliance Repair, Auto Maintenance,Beauty Salon, Bowling, Dentist, Doctor, Dry Cleaning,
HospitalRooq Man’s Haircut,Movie.



TABLE II: SHIPPING COSTS AND INTER-CITY PRICE DIFFERENTL4LS:

Panel A: Variability of fiice Differential

Regression Number

Ln Distance

Ln Distmce Squared

Product dummies
—2R
Std. Error of Regression
Number of Observations

Perishables Non-Perishables
1 2 3 4

0.011 -0.087 0.018 0.038
(0,002) (0.022) (0.001) (0.002)

0.008 -0.003
(0.002) (0.0003)

yes yes yes yes

.72 .73 .45 .49
.0308 .0304 .0341 .0330

705 705 1222 1222

Services
5 6

0.004 -0.062
(0.003) (0.039)

0.005
(0.003)

yes yes

.20 .21
.0436 .0435

470 470

Panel B: Mean Absolute Price D~ferential

Perishables Non-Perishables Services
RegressionNumber: 1 2 3 4 5 6

Ln Distance 0.019 0.030
(0.0002) (0,003)

Ln Distance Squared -0.002
(0.0004)

Product dties yes yes
—2R -.01 .01
Std. Error of Regression .0526 .0523
Number of Observations 705 705

0.022 0.019
(0.0004) (0.005)

0.0004
(0.0007)

yes yes

.03 .03
.0649 .0649
1222 1222

0.021 -0.336
(0.006) (0.068)

0.029
(0.006)

yes yes

.10 .15
.0771 .0750

470 470

Notes: “Ln” refers to the naturallog. k Panel~ columns 1, 3, and 5, the regressionrunwas:

Sd(Qv,,,,)=fl (in distance)+ dummies, and in columns 2, 4, and 6, the regression runwas:

s.d(Qti,~,,)=fl,~(di~~ce)+fl~~(dist~ce2)+ ddes, where s.d.(Qti,~,,)= the standard

deviation over time of ln(~,~,r/ ~.,~,,). In Panel B, the dependentvariable is the mean over time

1(of h ~ ~~/ Pj~~), i.e., the mean absolute deviationof log prices between cities. Standarderrors., >,

in parentheses, New Orleansis defied as the benchmarkcity.



TABLE III: PANEL UNIT ROOT TESTS
Panel A: Non-Perishables

Good Beta # lags # obs Good Beta # laxs #ohs
Asprin -0.259* 15 ‘-“

Baby food

Beer

Cigarettes

coffee

CornFlakes

Frozen Corn

Game

Jeans

Liquor

Man’s shirt

Orange Juice

(0.056)

-0.057*** 16
(0.035)

-0.077*
(0.028)

-0.045**
(0.023)

-0.036
(0.071)

-0.123**
(0.066)

-0.379*
(0.096)

-0.067**
(0.036)

-0,166*
(0.063)

-0,001
(0,026)

-0,228*
(0.055)

-0.319*
(0,058)

13

16

14

16

16

15

13

16

15

14

14

503

474

585

474

258

463

321

503

585

163

503

212

233

Shampoo -0.367*
(0.085)

Shortening -0.141*
(0.046)

Soft Drifi -0.116*
(0.038)

Sugar -o. 147*
(0.036)

Canned Peas -0.192**
(0.109)

Tennis Balls -0.207*
(0.067)

Tissue -0.063
(0.047)

Canned Tomatoes -0,141 **
(0,082)

Toothpaste -0,037
(0.074)

Canned Tuna -0,192*
(0,051)

Undewear -0,058***
(0,039)

Washing Powder -0, 104**
(0.060)

Wine -O.1OO*
(0.025)

16 465

16 474

12 639

13 583

15 206

16 465

16 474

13 242

15 503

15 502

16 465

16 182

16 465Canned Peaches -O.136*
(0.034)

Notes: Standard errors are in parentheses, and ‘*’, ‘**’, ‘***’, denote significant at the 17., 5%,
and 100/. levels. For each good, the re~ession run was:

s(k)

AQv.k~ = ~Qv,k~-~ + ~~ m AQv,k,t-m + ‘~,k,t ? “ defied as the percentage differencewhere, Qti,k,,, 1s
*–1

in price of commodity k at time t between cities i and j, i.e., Qy,k,,= h(~,h,~ / Pj,fi,f). s(k) is

chosen asthe highest si@cant lag from a prelimina~ regressionincluding 16 lags. New Orleans
is defied as the benchmarkcity.



TABLE III: PANEL UNIT ROOT TESTS
Panel B: Perishables and Services

Good Beta # lags # obs Good Beta # lags #ohs

Perishables:
Bacon

Bananas

Bread

Cheese

Eggs

Ground Beef

Lettuce

Margarine

Milk

Potatoes

Steak

-0,207*
(0,040)

-0,427*
(0,085)

-0,194*
(0,027)

-0,064***
(0,039)

0,117*
(0,047)

-0,232*
(0,054)

-0,251*
(0,076)

0,010
(0,045)

-0, 109*
(0,023)

-0,050*
(0,061)

-0,018*
(0,041)

mole Chicken -0, 175*
(0.022)

Fried Chicken -0.157*
(0.047)

16 511

16 510

10 1358

14 541

16 474

12 688

15 512

16 467

13 594

15 579

16 474

10 1732

16 465

McDonalds

Pizza

Services:

Appliance repair

Auto Maintenance

Beauty Salon

Bowling

Dentist

Doctor

Dry Cleaning

Hospital Room

Man’s Haircut

Movie

-O.1O6** 16 465
(0,047)

-0.166* 15 503
(0.030)

-0.045* 10 743
(0.023)

-0.015 16 465
(0.056)

-0.044*** 14 543
(0.035)

-0.082* 15 512
(0.028)

-0.015 16 430
(0.023)

-0.093* 16 468
(0.056)

0.006 16 474
(0.035)

-0.003 13 594
(0.056)

-0.017 16 468
(0.035)

-0.117* 13 321
(0.028)

Notes: Standarderrors are in parentheses,and ‘*’, ‘**’, ‘***’, denote si@cant at the 1~0, 570,
and 10°/0levels, For each good, the regressionrunwas:

s(k)

AQq,k,t=pQti,k,t.l+ ~Ym AQ,,k,-tn+~,,,,t, where, Qti,k,*,is defied as the percentage difference
-1

in price of commodity k at time t between cities i and j, i.e., Qv,k,= h(~,k,f / Pj,k,f ). s(k) is

chosen asthe highest si@cant lag from a preliminaryregressionincluding 16 lags. New Orleans
is defined as the benchmarkcity.



TABLE IV: PANEL UNIT ROOT TESTS:
with seasonal and individual s~ecific fixed effects

Panel A: Non-Perishables

(0.101)

-1.142* 2.86 0.001 Shortening
(0.119)

.O.713*** ].57 0,012 Sofi Drink

Good Beta F-test si~ifi Good Beta F-test si~ifi

Asprin -0.661 0,93 0,599 Shampoo

Baby food

Beer

Cigarettes

coffee

Corn Flakes

Frozen Corn

Game

Jeans

Liquor

Man’s shirt

Orange Juice

(0.095)

-0.831**
(0.104)

-0.301
(0.224)

-0.457
(0.151)

-1.684
(0.264)

-0.568
(0.145)

-0.641
(0.131)

-1.577
(0,470)

-0.827
(0.112)

-1,084
(0.207)

1,89 0,001 Sugar

0.46 0,999 Canned Peas

0,96 0,544 Tennis Balls

1,26 0.131 Tissue

-1.595*** 1.30 0,101
(0.214)

-0.677 1.62 0.009
(0.120)

-0.458 1.51 0.019
(0.102)

-o.488*** 1.52 0.017
(0.064)

-0.939 1.33 0.102
(0.424)

-1.107* 1.77 0.002
(0.133)

-1.030** 1.99 0.001
(0.127)

1,03 0,417 Canned Tomatoes -2.047 1.31 0.105
(0.370)

1,17 0.215 Toothpaste -0.270 0.93 0.604
(0.131)

0,93 0.599 Canned Tuna -1.lo3** 1.65 0.006
(0.137)

1,19 0.191 Underwear -0.780 1.72 0.003
(0.119)

1,66 0,011 Washing Powder -2.907 1.80 0.005
(0.490)

1,03 0,433 Wine -0.746 1.56 0.014
(O.127)

Canned Peaches -1.024
(0.183)

Notes: Standard errors are in parentheses, and ‘*’, ‘**’, ‘***’, denote significant at the 17., 5Y0,
and 100/. levels. For each good, the regression run was:

s(k)

AQ@,kJ = flQti,k,t.~ + ~ Y m AQti,k$-m + dummies+ Sti,kj, where, Qti,k,,, is defied as the
m=l

percentage dtierence in price of commodity k at time t between cities i and j, i.e.,

Qv,k~= ‘(~,k.f / ~.k,f ). ~(~) is chosen as the hi@est si@cmt lag from a preliminaryregression
including 16 lags, The F-Test is a test of the joint si@cance of city-pair dummies. New
Orleansis defined as the benchmarkcity.



TABLE IV: PANEL UNIT ROOT TESTS:
with seasonal and individual spectlc fixed effects

Panel B: Perishables and Services
Good Beta F-test simi~ Good Beta F-test si~if

Perishables:
Bacon

Bananas

Bread

Cheese

Eggs

Ground Beef

Lmuce

Margarine

Mlk

Potatoes

St-k

-0.933 0.79 0.!336
(0.040)

-1.601** 1.47 0.028
(0.085)

-0.594** 1.58 0.009
(0.027)

-0.608 1.46 0.029
(0.039)

-0.546 1,23 0.153
(0.047)

-1.508* 2.39 0.001
(0.054)

-1.799* 1.71 0.004
(0,076)

-1,173 2.06 0.001
(0,045)

-0,360* 1.27 0.116
(0,023)

-1,569*** 2.68 0.001
(0,061)

-0,740** 0.19 1.000

McDonalds

Pizza

Services:

Appliance repair

Auto Maintenance

Beauty Salon

Bowling

Dentist

Doctor

Dry Cleaning

Hospital Room
(0,041)

Whole Chicken -0.705 7.87 0,001 Man’s Haircut
(0.022)

Frid Chickm -1.677** 1.36 0,067 Movie
(0.047)

-1.184** 1.96 0,001
(0.148)

-0.569 1.22 0,159
(0.097)

-0.237** 2.08 0.001
(0.029)

-0.491 1.45 0.033
(0.118)

-0.235 1.03 0.420
(0.057)

-0.418 2,72 0.001
(0.072)

-0.360 1.13 0.266
(0.060)

-0.535 2.08 0.001
(0.087)

-0.403 2.06 0.001
(0.073)

-0.060 1.69 0.004
(0.053)

-0,449 1.84 0.001
(0,065)

-0,466 0.84 0.750
(O,160)

Notes: Standarderrors are in parentheses,and ‘*’, ‘**’, ‘***’, denote significantat the lYo, 5Y0,
and 10*Alevels. For each good, the regressionrunwas:

s(k)

‘Qij,k,t = ~Qq,k,t-~ + ~Ym AQq,~,t-.+ d6es+&v,kJ, where, Qkf, is defined as thev, ,
m=l

percentage dtierence in price of commodity k at time t between cities i and j, i.e.,

Qy,kJ= ‘(~,k,t J~,k~). ~(k) is chosen aSthe ~ghest Si@C~t lag from a preliminaryregression

including 16 lags. The F-Test is a test of the joint significmce of city-pair dummies. New
Wleans is dehed as the benchmarkcity.



TABLE V: PANEL W ROOT TESTS INCORPORATING TAXES
Panel A: Non-Perishables

Good Beta # la~s # obs Good Beta # lars #ohs

Asprin -0.250* 15 503 Shampoo -0.347* 16 465

Baby food

Beer

Cigarettes

coffee

Corn Flakes

Frozen Corn

Game

Jeans

Liquor

Man’s shirt

OrangeJuice

(0.054) (0.080)

-0.064*** 16 474 Shortening -0.111* 16 474
(0.039)

-0.085*
(0.029)

-0.044**
(0.025)

-0.043
(0.080)

-0.081
(0.064)

-0.475*
(0,095)

-0,071**
(0,039)

-0, 147*
(0,059)

-0,027
(0.031)

-0.193*
(0.051)

-0.290*
(0.055)

Canned Peaches -O.138*
(0.033)

13 585

16 474

14 258

16 463

16 321

15 503

13 585

16 163

15 503

14 212

14 233

(0.045)

SORDrink -0.111* 12 639
(0.039)

Sugar -0.145* 13 583
(0.037)

Canned Peas -0.181*** 15 206
(0.123)

Ttis Balls -0,222* 16 465
(0,071)

Tissue -0.043 16 474
(0,043)

Canned Tomatoes -0, 157** 13 242
(0,082)

Toothpaste -0,092 15 503
(0,071)

Canned Tuna -O,21O* 15 502
(0,054)

Underwear -0.068*** 16 465

(0,043)

Washing Powder -O,129** 16 182
(0.064)

Wine -0.105* 16 465
(0.027)

Notes: Standarderrors are in parentheses,and ‘*’, ‘**’, ‘***’, denote si@cant at the lYo, 5Y0,
and 10°/0levels. For each good, the regression run was:

s(k)

‘zV,k# = ~zti,k,t-l+ ~Y ~ Azo,k,.m + &ti,k,, where, Zq,k,,, is defined as the ‘tax-adjusted’
m=l

percentage dtierence in price of commodity k at time t between cities i andj. See text for details.
s(k) is chosen as the highest significantlag from a preliminaryregression including 16 lags. The

F-Test is a test of the joint significance of city-pair dummies. New orleans is defined as the
benchmarkcity.



TABLE V: PANEL UNIT ROOT TESTS INCORPORATING TAXES
Panel B: Perishables

Good Beta # lags # obs Good Beta # lags #ohs
Perishables:

Bacon

Bananas

Bread

Cheese

Eggs

Ground Beef

Lettuce

Margarine

Milk

Potatoes

Steak

Whole Chicken

Fried Chicken

-0,502*
(0.072)

-0.408*
(0.082)

-0.203*
(0.030)

-0.060***
(0,036)

0.137*
(0,049)

-0,270*
(0.055)

-O,21O*
(0,071)

-0,000
(0,050)

-0.135*
(0.025)

-0.036*
(0.056)

-0.004*
(0.041)

-0.220*
(0.024)

-0,170*

16 511 McDonalds -0.122** 16 465
(0.052)

16 510 Pizza -0.157* 15 503
(0.029)

10 1358

14 541

16 474

12 688

15 512

16 467

13 594

15 579

16 474

10 1732

16 465
(0.047)

Notes: Standarderrors are in parentheses,and ‘*’, ‘**’, ‘***’, denote significantat the lYo, 5Y0,
and 10°/0levels. For each good, the regressionrunwas:

s(k)

AZti,hJ= flZV,k,,_l+ ~y~ AZV,~,_~+ sti,k~,where, Zti,h,,, is defined as the ‘tax-adjusted’
m=l

percentage dfierence in price of commodity k at timet between cities i andj. See text for details.
s(k) is chosen as the highest si~cant lag from a preliminaryregression including 16 lags. New

Orleansis detied as the benchmarkcity.



TABLE VI: PANEL UNIT ROOT TESTS INCORPORAT~GTAXES:
with seasonal and individual spec~lc fixed effects

Panel A: Non-Perishables
Good Beta F-test si~if

Asprin

Baby food

Beer

Cigarettes

coffee

Corn Flakes

Frozen Corn

Game

Jeans

Liquor

Man’s Shirt

Orange Juice

-0,656 0.95 0.577
(0.101)

-1.1OO* 2.63 0.001
(0,124)

-o,fj85*** 1,51 0,019
(0,095)

-0,828**
(0,106)

-0,349
(0,242)

-0.372
(0.153)

-1.855
(0,286)

-0.591
(0.152)

-0,634
(0.133)

-1,654
(0,462)

-0.816
(0.111)

-1.083
(0.207)

Canned Peaches -1,040
(o. 174)

1.86 0.001

0.47 0.998

0,85 0.751

1,31 0,101

1,06 0,367

1,13 0,260

1.10 0.332

1,21 0,176

1,71 0,008

1.09 0.342

Good Beta F-ted si~if

Shampoo -1.601 1.30 0.101
(0.218)

Shortening -0.633 1.48 0.026
(0.119)

Soft Drink -0.450 1.49 0.023
(0.099)

Sugar -0.490** 1.48 0.025
(0.062)

canned Peas -0.916 1.39 0.071
(0.418)

Tennis Balls -1.088** 1.74 0.003
(0.133)

Tissue -1.030** 1.89 0.001
(0.127)

Canned Tomatoes -2.020 1.40 0.061
(0.358)

Toothpaste -0.341 0.86 0.734
(0.137)

Canned Tuna -1.095** 1.68 0005
(0,134)

Underwear -0.773 1.73 0.003
(0,118)

Washing Powder -2,872 1.73 0,008
(0,491)

Wine -0.758 1.61 0,009
(O.124)

Notes: Standarderrors are in parentheses,and ‘*’, ‘**’, ‘***’, denote si~cant at the lYo, 5Y0,
and 10°/0levels. For each good, the regressionrunwas:

s(k)

AZg,k$= ~ Zq,k$.l+ ~ y ~ AZV,~,,_~+ dummies+ Zq,k,,, where, Zy,k,,, is defined as the ‘tax-
m=l

adjusted’ percentage d~erence in price of commodity k at time t between cities i andj. See text
for details. s(k) is chosen as the highest si@cant lag from a prelimina~ regression including 16
lags. The F-Test is a test of the joint significanceof city-pair dummies. New Orleans is defined
asthe benchmarkcity.



TABLE VI: PANEL UN~ ROOT TESTS INCORPORATING TAXES:
with seasonal and individual suecific fixed effects

Panel B: Perishables
Good Btia F-test simif Good Beta F-test simifi

Perishables:
Bacon

Bananas

Bread

Cheese

E~

Ground Beef

Lettuce

Margarine

Milk

Potatoes

Steak

Whole Chicken

Fried Chicken

-0,911 0.71 0,925 McDonalds -1.197 1,71 0,004
(0,040) (0.148)

-1,545** 1,47 0,029 Pizza -0.622 1.29 0,107
(0,085) (0.097)

-0,588** 1.58 0,009
(0.027)

-0.638 1,41 0.045
(0.039)

-0.474 1.20 0.177
(0.047)

-1.133* 2.41 0,001
(0.054)

-1.806* 1.84 0.001
(0.076)

-1.209 2.13 0.001
(0.045)

-0.322 1,08 0.337
(0.023)

-1.460 2.68 0.001
(0.061)

-0.736* 0.39 1.000
(0.041)

-0.726 8.09 0.001
(0.022)

-1.593*** 1.25 0.134
(0.047)

Notes: Standarderrors are in parentheses,and ‘*’, ‘**’, ‘***’, denote significantat the lVO,570,
and 10°/0levels. For each good, the regressionrunwas:

s(k)

‘Zij,k,f = flzij,k~.l + ~ pm Azy,k,t-m + dummies+ &q,kJ, where, Zg,k,,, is defined as the ‘tax-
m=l

adjusted’ percentage Merence in price of commodity k at time t between cities i andj. See text
for details. s(k) is chosen as the highest significantlag from a preliminaryregression including 16
lags. The F-Test is a test of the joint si~cance of city-pair dummies. New Orleans is dehed
asthe benchmarkcity.



TABLE VII: THE IMPACT OF MEASUREMENT ERRORS
ON ESTIMATED RATES OF CONVERGENCE

AR(l)
.- =../. . . ... .—-..,. -. —.

Corn Flakes 0.643 Oz= .0067
(0.035) 1 = 1083

Canned Peaches 0,694 02= .0103

Shortening

Milk

Fried Chicken

Pizza

(0,026) 1= 1268

0.698 02 = .0087
(0.027) I = 1328

0.890 O*= ,0051
(0.017) e= 1501

0.564 02= .0423
(0.039) Y= 443

0.762 02= .0036
(0.030) 1 = 949

Appliance Repair 0,879 02= .0080

(0,017) / = 1357

Beauty Salon 0.886 02= .0072

(0.024) I= 806

Man’s Haircut 0.804 02= ,0075
(0.022) i?= 1383

AKMA(l,l)’

0,903 a2 = .0107
(0,036) 1 = 954

AKMA(l,l)

0.836 02= .0063
(0.034) /= 1097

0.579 02= ,0201
(0.090) e= 1031

0.973 IS2= .0149
(0.003) f = 1137

0.707 G2= .0244
(0.094) 1= 950

0.755 02= .0468
(0.042) / =380

0,639 m2= .0084
(0,049) l= 776

e=-o.347
(0.058)

0.853 m2= .0099
(0.028) I = 1284

0=-0,340
(0,054)

0,952 U2= .0073
(0,014) 1= 1393

0=-0.592
(0.037)

0,967 a2 = .0045
(0.012) 1= 1538

@= -0.430
(0.048)

0.909 U*= ,0341
(0.024) 4 =488

0=-0.586
(0.054)

0.750 O*= ,0036
(0.038) / = 949

13=0,034
(0.065)

0,950 02= ,0303 0.928 02= ,0078
(0,006) / = 886 (0.016) I = 1369

0=-0.238
(0,046)

0.909 U2= ,0261 0.976 U2= .0064
(0.013) 1=543 (0.015) I =832

e=-o,439
(0,047)

0.825 a2 = .0187 0,859 02= .0074
(0.039) / = 1021 (0,024) I= 1388

6=-0.161
(0,050)

lV

0.856
(0.023)

0,924
(0.014)

0.899
(0.017)

0.973
(0.009)

0,821
(0,028)

0,902
(0,022)

0.921
(0.015)

0.936
(0.020)

0.927
(0.014)

Notes: Standard errors in parentheses, / = the value of the log likelihood function, and O* = the
estimate of the sample variance, Columns 1-3 report maximum likelihood estimates pooling data from 10

cities, *Column 2 imposes the restriction that the MA(1) mefflcient ( 0 ) = -1* the AR(1) coefficient, The

estimates in Column 4 were obtained instrumenting Qti,k,t.1with Qv,~,t_3. The 10 cities used are: Mobile,

Al; Blythe, Ca; Denver, Co; Indianapolis, In; Lexington, Ky; Louisville, Ky; St. Louis, Mo; Hastings, Ne;
Rapid City, SD; and Houston, Tx.



TABLE VIII: NON-LINEARPI’Y ~ RATES OF CONVERGENCE
TOWARDS THE LAW OF ONE PRICE

Remession 1 Regession 2
Perishables

Qv,~~-,

Q2~,k,t-1

Non-Perishables

QU,k,-,

Services

QV,k,t-~

Std. error of Regression
Number of Observations
Product dummies
City dummies
lagged dependent variable no

-0.474

(0.004)

-0.097

(0.009)

-0.376

(0.004)

-0.243

(0.012)

-0.134

(0.004)

-0,083

(0.011)

.1343
106910

no
no

-0.551

(0.004)

-0.125

(0.011)

-0.412

(0.004)

-0.167

(0.013)

-0,141

(0.004)

-0.063

(0.012)

.1321
106910

yes
no
no

Remession 3 Re~ession 4

-0.195

(0.008)

0.021

(0.017)

-0.105

(0.009)

-0.087

(0.026)

-0.029

(0.009)

-0.076

(0.024)

.1224
26989

no
no

yes

-0.260

(0.009)

-0.071

(0.019)

-0.125

(0.010)

-0.073

(0.029)

-0.053

(0.009)

-0.037

(0.027)

.1212
26989

yes
yes
yes

Notes: Standarderrors in parentheses. For columns 1 and 2, the regressionrunwas:
? ?

For columns 3 and 4, the regression run was:—
16

AQO,,,, = ~ ~n Qti,h,,_,+ ~ y .Q,~,h,,_,+ ~ d~ AQti,~,t_~+ dummies + &U,~,f, where n=1 if k
n=] n=l m.1

is perishable,n=2 ifk is non-perishable,andn=3 ifk is a service, and, Qg,k,,, is de~ed as

the percentage difference in price of commodity k at time t between cities i and j, i.e.,
Qti,k,= ‘(~,k,t j ~,k, ). New Orlems is defied as the benchmarkcity.



TABLE IX: THE IMPACT OF DMTANCE ON CO~RGENCE

Remession 1
Perishables

Qv,~~-, -1.174

(0.042)

Qti,k,-l”ldist 0.104
(0.006)

Non-Perishables

Qo,~,~-, -0.570

(0.040)

QU,,,_l*ldist 0.031

(0.006)

Services

Qg,~,-~ -0.274

(0.045)

Qti,k,f-l”ldist 0.021

(0.007)

Ln distance -.0012
(.0001)

Std. errorof R~ession .1343
Nuber of Observations 106910
Product dururnies no
City dummies no
lagged dqendent variable no

Remession 2 Re~ession 3 Remession 4

-1.150

(0.042)

0.090

(0.006)

-0.609

(0.039)

0.031

(0.006)

-0.303

(0,046)

0.025

(0.007)

-.0004
(,0003)

.1321
106910

yes
no
no

-0.691

(0.074)

0.073

(0.011)

-0.265

(0.075)

0.025

(0.011)

-0.070

(0.078)

0.007

(0.012)

-.0005
(.0001)

.1224
26989

no
no

yes

-0.622

(0.075)

0.054

(0.011)

-0.283

(0.076)

0.024

(0.011)

-0.103

(0.080)

0.008

(0.012)

.0004
(.0007)

.1212
26989

yes
yes
yes

Notes: “Ln” refersto the naturallog, standarderrorsin parentheses. For columns 1 and 2, the
regressionrunwas:

AQij,~.,= @IIIdistance+ ~ P. Qti.k,t-l+ ~ ~ .QG,~,t-lla distance + dummies + gti~,
n=] n-l

For columns 3 and 4, the regressionrunwas:
16

AQV,~,,= Oin distance + ~ p. Qv,~,t-l + ~ y. QO,~,,_,lndistance + ~ ~~ AQV,k.t-~ + dummies + su,~,, ,
n=l n=l In=l

where n=1 ifk is perishable,n=2 if k is non-perishable,andn=3 ifk is a service, and, Qv,k>,,
is defied as the percentage ~erence in price of commodity k at time t between cities i andj, i.e.,

Qti,~J= ~(~,k,, 1~,k~). New Wlems is defined as the benchmarkcity.



TABLE Al: CITmS AND COMMODITIES INCLUDED

Cities
cl
C2
C3
C4
C5
C6
C7
C8
C9
Clo
Cll
C12
C13
C14
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
C41
C42
C43
C44
C45
C46
C47
C48

Birmingham AL
Mobile AL
Blythe CA
Indio CA
Palm Springs CA
Denver CO
Lakeland FL
Boise ID
Champaign,Urbana IL
Peoria IL
Ft. Wayne IN
Indianapolis IN
Cedar Rapids IA
Lexington KY
Louisville KY
Baton Rouge LA
Lafayette LA
New Orleans LA
Benton Harbor MI
Traverse City MI
Columbus MS
St, Joseph MO
St, Louis MO
Falls City NE
Hastings NE
Omaha NE
Reno,Sparks NV
Newark NJ
New York NY
Hickory NC
Columbus OH
Altoona PA
Rapid City SD
Vermilion SD
Chattanooga TN
Knoxville TN
Abilene TX
El Paso TX
Ft. Worth TX
Houston TX
Lubbock TX
Salt Lake City UT
Charleston WV
Appleton WI
Eau Claire WI
Madison WI
Oshkosh WI
Casper WY

G1
G2
G3
G4
G5
G6
G7
G8
G9
G1O
Gll
G12
G13
G14
G15
G16
G17
G18
G19
G20
G21
G22
G23
G24
G25
G26
G27
G28
G29
G30
G31
G32
G33
G34
G35
G36
G37
G38
G39
G40
G41
G42
G43
G44
G45
G46
G47
G48
G49
G50
G51

Appliance Repair
Aspirin
Auto Maintenance
Baby food
Bacon
Bananas
Beauty Salon
Beer
Bowling
Bread
Cheese
Cigarettes
Coffee
Corn Flakes
Dentist
Doctor
Dry Cleaning
Eggs
Fried Chicken
Frozen Corn
Game
Ground Beef
Hospital Room
Jeans
Lettuce
Liquor
Man’s Haircut
Man’s Shirt
Margarine
McDonalds
Milk
Movie
Canned Orange juice
Canned Peaches
Pizza
Potatoes
Shampoo
Shortening
Soft Drink
Steak
sugar
Canned Peas
Tennis balls
Tissue
Canned Tomatoes
Toothpaste
Tuna
Underwear
Washing Powder
Whole Chicken
Wine



TABLE A2: DESCRIPTIONS OF COMMODITIES INCLUDED

~

Appliance Repair

Aspirin

Auto Maintenance

Baby food

Bacon

Bananas

Beauty Salon

Beer

Bowling

Bread

Cheese

Cigarties

coffee

Corn Flakes

Dentist

Doctor

Dry Cleaning

Eggs

Date added Description

75,1

82.2

79,2

75.1

75.1

75.1

82.2

82.2

75.1

75.1

82.2

75.1

75.1

79,2

75,1

75.1

75.1

75.1

Service call excluding parts color TV (75,1-79,1); Washing
Machine (79.2-92,4).

Bayer brand, 100-tablets, bottle 325 mg tablets (82.2-92.4).

Average price to balance two front wheels (79.2-84,1); average

price to balance one front wh~l (84.2-88.3); average price to
computer or spin balance one front wheel (88.4-92.4).

Jar 4 1/2 oz strained vegetables.

lb, or national brands,

lb.

Woman’s visit, shampoo, trim and blow-dry,

6 pack, 12 oz. mntainers, excluding deposit, Miller Lite or
Budweiser.

Price per line evening price,

24 OZ (75,1-80.2); 2002 (80.3-92.4),

Parmesan, grated 8 oz. canister, Krafi.

Carton Winston king-size.

2 lbs (75.1-80.2); 1 lb (80,3-88,3); 13 oz (88,4-92,4); Maxwell
House Hills Brothers Folgers.

12 oz. Kellogg’s or Post Toasties (79.2-80.3); 18 oz. (80.4-92 4).

~ce Visit, t~ cleaning and inspection, no x-ray or fluoride
treatment.

~ce Visit, general practitioner routine exam of existing patient.

Man’s two piece suit.

Doz. large Grade A.



TABLE A2: DESCIUPTIONS OF COMMODITIES INCLUDED

Fried Chicken

Frozen Corn

Game

Oround Beef

Hospital Room

Jeans

Lettuce

Liquor

Man’s Haircut

Man’s shirt

Margarine

McDonalds

Milk

Movie

Canned Orange juice

Canned Peaches

Pizza

Potatoes

Shampoo

Shortting

82.2

84.1

82.2

75,1

75.1

82,2

75,1

75,1

75,1

82.2

75.1

82,2

75.1

75,1

75.1

75.1

82.2

75.1

82.2

75.1

Breast and drumstick (82,2-83 ,4), thigh and drumstick (84. 1-

92.4), Church’s, or Kentucky Fried Chicken if available,

Frozen, whole kernel, 10 oz. package.

Monopoly, standard (No. 9) edition.

lb, or Hamburger.

Semi-private mst per day,

Levi’s straight l% sizes 28/30 to 34/36 (82.2-87.4), Levi’s 501

(88,1-91,3); Levi’s 505s or 501s (91.4-92.4).

Each,

750 ml boffle Seagram’s 7 Crown (75.1-88.3); J&B Scotch (88.4-
92,4).

No styling.

Arrow or Van Heusen, white, long sleeve, tion/polyester blend
(82,2-83 ,4); sizes 15/32 to 16/34 (89,1-89,3); Arrow, Enro, Van
Heusen, J.C. Penny, cotton/polyester (at least 55% cotton) long

sl~ves (89.4-92.4),

lb.

1/2 lb patiy (82,2-83.2); 1/4 lb. patiy with cheese, pickle, onion,

mustard, catsup (83 .3-92,4).

1/2 gal. carton.

First run indoor evening price.

6 oz can (75.1-85.4); 12 oz can (86.1-92.4),

#2 1/2 can approx 29 oz (75,1-85.4); 29 oz (86.
Monte or Libby’s halves or slices.

12“ - 13” thin crust, regular cheese, Pizza Hut or Piz:
available.

10 lbs white or red,

-92,4); Del

a Inn, where

11 oz. container Johnson’s (82,2-88,3); 15 oz. bottle (88,4-89.3);
11 oz. (89,4-90,4); 15 oz bottle (91,1); 11 oz. botile (91.2); 15

oz. bottle Alberto VO-5 (91.3-92.4),

3 lb can all vegetable, Crisco brand.



TABLE A2: DESCRIPTIONS OF COMMODITIES INCLUDED (Conlinued)

Sofi Drink

Steak

Sugar

cannedPeas

Tennis balls

Tissue

Canned Tomatoes

Toothpaste

Tuna

Underwear

Washing Powder

Whole Chicken

Wine

75,1

75,1

79.2

75,1

82,2

75.1

75.1

82.2

82.2

82.2

75.1

75.1

82.2

1 qt Coca-Cola (75, 1-79,2); 2 liter (79.3-92.4).

lb, round steak (75. 1-80.3); T-bone steak (80.4-92.4) USDA
Choice.

5 lbs, cane or beet (79,2-92.3); 4 lbs cane or beet, 92.4

#303 can 15-17 oz (75.1-85.4); 17 oz (86.1-92.4); Del Monte or
Green Giant.

Wilson or Penn brands, yellow, can of 3 heavy duty.

1 roll (75.1-79.1); 4 rolls (79,2-80,2); Kleenex brand 175 count

box (80.3-92.4).

#303 can 15-17 oz (75.1-85.4); 14.5 oz (86.1-92.4); Del Monte
or Green Giant.

6 to 7 oz. tube Crest, or Colgate

6,5 oz., Starkist or Chicken of the Sea, packed in oil (82:2-91.3);
6.125-6.5 OZ (92.4).

Package of 3 briefs, sizes 28130-34136 (82.2-90.3); sizes 10-14
(90.4-92.4),

49 oz (75.1-88.4); 42 oz (89,1-92.4); Giant Tide, Bold, or Cheer.

lb, Grade A Frying.

Pad Masson Chablis 750 milliliter bottle (82.2-83,4), Paul

MassonChablis 1.5 liter (84.1-90.3) Gallo Sauvignon blanc 1.5
liter (90.4-91 .3); Gallo Chablis Blanc 1.5 liter (91.3-92,4).



TABLE A3: SALES TAX RATES ~ CHANGES, BY CITY

cl
C2
C3
C4
C5
C6
C7
C8
C9

Cities GroceryItems
92.4 75-84 84-92

Birmingham ~ 8.00
Mobile AL 9.00
Blythe CA 7.80
Indio CA 7.80
Palm Springs CA 7.80
Denver CO 6.00
Lakeland FL 0.00
Boise ID 5.00
Champaign,Urbana IL 1,00

C1O Peoria IL
Cl 1 Ft. Wayne IN
C12 Indianapolis IN
C13 Cedar Rapids IA
C 14 Lexington KY
C15 Louisville KY
C16 Baton Rouge LA
C17 Ltiayette LA
Cl 8 New Orleans LA
C19 Benton Harbor Ml
C20 Traverse City Ml
C21 Columbus MS
C22 St, Joseph MO
C23 St, Louis MO
C24 Falls City NE
C25 Hastings NE
C26 Omaha NE
C27 Reno,Sparks NV
C28 Newark NJ
C29 New York NY
C30 Hickory NC
C31 Columbus OH
C32 Altoona PA
C33 Rapid City SD
C34 Vermilion SD
C35 Chattanooga TN
C36 Knoxville TN
C37 Abilene TX
C38 El paso TX
C39 Ft. Worth TX
C40 Houston TX
C41 Lubbock TX
C42 Salt Lake City UT
C43 Charleston WV
C44 Appleton WI
C45 Eau Claire WI
C46 Madison WI
C47 Oshkosh WI
C48 Casper WY

Mean
Standard Deviation
Minimum
Maximum

7.40
0.00
0.00
0.00
0.00
0.00
8.00
7.50.
7.50
0.00
0.00
6.00
6.20
5.70
0.00
0.00
0.00
0.00
0.00
0,00
6,00
0.00
0,00
6,00
6.00
7.20
7.80
0,00
0,00
0,00
0,00
0,00
0,00
6,00
0,00
0.00
0.00
0,00
4.00

2.99
3.48
0.00
9.00

0.00
1.00
0.00
0.00
0.00
1.00
0.00
1.50

-4.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
1.50
0.00
0.00
1.00
3.00
2.60

-2.50
-2,50
-3,50
-3,50
0,00
0,00
0,50
0,00
0,00
0.00
1.00
1.00
1.00
0.00
0.00
0,00
0.00
0.00
0.00

-3.00
0.00
0.00
0.00
0.00
0.00

-0.06
1.38

-4.00
3.00

3.00
1.00
7.80
7.80
7.80
0.00
0.00
0.50
1.00
2.40
0.00
0.00
0.00
0.00
0,00
2,00
2,50
3.00
0,00
0,00
0,00
0,20
0,10
0,00
0,00
0,00
0,00
0.00
0.00
1.50
0.00
0.00
0.50
1.00
0.90
1.80
0.00
0.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00
0.00
0.00
0.00

1.06
2.11
0.00
7.80

Non-Grocery Items
92.4 75-84 84-92

8.00
9.00
7.80
7.80
7.80
6.00
6.00
5,00
7,20
7,20
5,00
5,00
5,00
6,00
6,00
8,00
7.50
9,00
4.00
4,00
7,00
6,20
5.70
5,00
6.00
6.50
7.00
7.00
8.30
6.00
5.00
6.00
6.00
6.00
7.20
7.80
7.80
8.30
7.80
8.30
7.80
6.30
6.00
5.00
5.00
5.50
5.00
4.00

6.48
1.34
4.00
9.00

0.00
1.00
0.00
0.00
0.00
1,00
1.00
1.50
1.00
1.00
1.00
1,00
1,00
0,00
0,00
0,00
0,00
2,00
0.00
0.00
1.00
3,00
2,60
1,50
1,50
2,00
2,50
1.00
0,30
0,50
1.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
2.00
0.10
0.10
2.00
1.00
1.00
1.00
1,00
0.00

0.78
0.82
0.00
3.00

3.00
1.00
1.80
1.80
1.80
0.00
1.00
0.50
2.20
2.20
0.00
0.00
1.00
1.00
1.00
2.00
2.50
1.00
0.00
0.00
1.00
0.20
0.10
1.00
2.00
1.00
1,00
1.00
0,00
1,50
0,00
0,00
0.50
1.00
0.90
1.80
0.80
2.80
2.80
1.30
2.70
1.70
1.00
0.00
0.00
0.50
0.00
0,00

1.05
0.90
0.00
3.00



TABLE A4: POOLED PANEL UNIT ROOT TESTS

ReHession 1 Re~ession 2
Perishables

Qti,,,., -0.207 -0.273

(0.009) (0.011)

Non-Perishables

Qti,k,,-, -0.117 -0.160

(0.009) (0.012)

Services

Qti,~,t-~ -0,012 -0.051

(0.010) (0.012)

Std. error of Regression .1239 .1229

Number of Observations 21319 21319

Product dummies no yes

City dummies yes yes

Notes: Standarderrors in parentheses. The regressionrunwas:
3 16

AQv,~,~= x P. Qti,~,,-l+ ~ ~~AQv,~,,.m+ dummies+ Ev,k,,,where n= 1 if k is perishable,
n=l ~=,

n=2 ifk is non-perishable,andn=3 ifk is a service, and, Qti,~,,,is detied as the percentage
difference in price of commodity k at time t between cities i and j, i.e., Qti,~,= ~(~,,,, 1~,,, ).

New Orleansis defined as the benchmarkcity.



TABLEA5: PANEL UNIT ROOT TESTS ~EWYORKBENCHMARK)
Panel A: Non-Perishables

Good Beta # [a~s # obs Good Beta # lags #ohs
Asprin

Baby food

Beer

Cigar~es

coffee

Corn Flakes

Frozen Corn

Game

Jeans

Liquor

Man’s Shirt

Orange Juice

-0.317* 15 143 Shampoo
(0.094)

0.074* 6 1170 Shortening
(0.022)

-0,090** 13 200 Soft Drink
(0,038)

-0.062** 15 143 Sugar
(0.028)

-0.171* 4 1264 canned Peas
(0.023)

-O.1O9* 4 924 Tennis Balls
(0,023)

-1,053 16 19 Tissue
(0,823)

-0,060* 4 571
(0.013)

-0.073* 5 488
(0.025)

-0.085*** 14 237
(0.062)

-0.082*** 12 232
(0.052)

-0.218* 9 522

-0.021
(0.101)

0.005
(0.029)

0,010
(0.019)

0,009
(0,029)

0,018
(0.088)

-0,044
(0.038)

-0.455*
(0.035)

Canned Tomatoes -0.257*
(0.032)

Toothpaste -0.202*
(0.070)

Canned Tuna 0,090*
(0,024)

Underwear -0,184*
(0,074)

Washing Powder -0,076*
(0.063) (0,024)

Canned Peaches -0.269* 9 493 Wine -0,073**
(0.053) (0.036)

16 115

8 918

5 1022

10 399

8 85

4 571

4 993

4 1280

13 200

4 570

9 330

7 1047

7 403

Notes: Standarderrors are in parentheses,and ‘*’, ‘**’, ‘***’, denote significantat the lYo, 5Y0,
and 10°/0levels. For each good, the regressionrunwas:

s(k)

AQti,k,t = pQg,k~-~ + ~ Y m AQq,kJ-m + ‘q,k,t ? where, Qti,k,t, is defied as the percentage difference
m=l

in price of commodity k at time t between cities i and j, i.e., Qti,kJ= ln(~,k,, j pj,~~) - s(k) is

chosen as the highest significantlag from a preliminaryregression including 16 lags. The F-Test
is a test of the joint significance of city-pair dummies. New York is defined as the benchmark
city.



TABLE A5: PANEL UNIT ROOT TESTS ~EW YORK BENCHMARK)
Panel B: Perishables and Services

Good Beta # la~s # obs Good Beta # lags #ohs
Perishables:

Baron

Bananas

Bread

Cheese

Eggs

Ground Beef

Lettuw

Margarine

Milk

Potatoes

Steak

Whole Chicken

Fried Chicken

-0.149*
(0.023)

-0.296*
(0.089)

-0.191*
(0.022)

-0.009
(0,035)

0.041
(0,046)

0,060
(0.141)

-0.261*
(0.045)

0.056
(0.106)

-o. 100***
(0.063)

-0,161*
(0,072)

0,001
(0,045)

-0,221*
(0,028)

-0,253*
(0.062)

4 1471 McDonalds -0.146* 4 571
(0,021)

14 237 Pizza -0,023*** 12 232
(0,016)

4 1261
Services:

14 171 Appliance repair -0.099* 7 676
(0.019)

14 237 Auto Maintenance -0.08 1* 10 396

15 143

10 673

16 110

16 115

11 548

10 338

4 1507

13 200

Beauty Salon

Bowling

Dentist

Doctor

Dry Cleaning

Hospital Room

Man’s Haircut

Movie

(0.020)

-0.089** 11 264
(0.041)

-0,216* 15 143
(0,060)

O,1OO* 16 103
(0,039)

-0.130* 16 111
(0.047)

-0.152* 4 1507
(0.011)

-0.008 14 237
(0,009)

-0.050*** 13 327
(0,037)

-0,039 14 230
(0,032)

Notes: Standarderrors are in parentheses,and ‘*’, ‘**’, ‘***’, denote significantat the lYo, 5Y0,
and 100/. levels. For each good, the regression run was:

s(k)

‘Qg,k.i = flQq,k#-1 + ~Y~ AQti,~.t..‘Ey,k,t> where, Q,,k,t, is defied as the percentage d~erence
m=l

in price of commodity k at time t between cities i and j, i.e., QV,kJ= h(~,k,~1Pj,k,). ~(k) is

chosen as the highest significantlag from a prelimina~ regression including 16 lags, The F-Test
is a test of the joint significance of city-pair dummies. New York is defined as the benchmark
city.



-=-.40 (-.40,-.35) (-.35,-.30)(-.30,-.25)(-.25,-.20)(-.20,-.15(-.15,-.10)(-.1O.-.M (-.05,0.0) >0.0

Perishables 0.07 0,00 0.00 0.07 0.13 0.27 0.13 0.13 0.07 0.14

Non-Perishables 0.00 0.08 0.04 0.04 0.08 0,12 0.31 0.19 0.15 0.00

Services 0.00 0.00 0.00 0.00 0.00 0,00 0.10 0.20 0,60 0,10

Figure I

Empirical Density Functions of Coefficient Estimates
Based on panel unit root test regressions without city dummies


