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1. Introdnetion:

The prediction that individualsshouldequatetheir marginalrate of substitutionbe-.

tween anytwo goodsto the priceratio betweenthosetwo goodsis acornerstoneof economic

theory. Whenthis predictionof the theory is combinedwith further assumptionsabout the

preferencesof individuals andthe technologyavailable for producing and trading goods,

variousspecific further predictionscan be madeabout the relationshipbetweenobserved

consumptiongrowth andincomegrowth which appearin the data. For example,if we as-

sumethat individuals in different regionscannottradeany goods amongregionsand that

theycannotstoreany goodsthrough time, thenwe predictthat in eachregion,the current

consumptionof any good should alwaysbe equalto the current productionor endowment

of that samegood. On the otherhand, if we assumethat all individualscan tradegoods

intertemporallyand we assumethat individuals haveidentical preferenceswithin certain

classof preferences1, thenwe can obtainthe prediction that regions’ consumptiongrowth

should be completelyexplainedby aggregateconsumptiongrowth and that data on re-

gions’ incomegrowth shouldhaveno additionalpowerto explain variation in individuals’

consumptiongrowth.- In this paper,I presentresultsfrom a preliminary examinationof

the relationshipbetweenconsumptiongrowth andincomegrowthon aregionalbathswithin

For instance,let all consvrnersi haveamarginalrateof substitutionbetweenany two
goodsm and ~zgiven by

(P ~C’~mt / =

U,t(c~)
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the United Stateswith an eye towardsproviding a measureof the extentof regionalmar-

ket integrationin the United States that can be directly compared to similar measuresof

internationalmarket integration.

To provide a measureof the extentof market integrationwithin the United States,

I measureboth the extentto which consumptiongrowth is equatedacrossregions of the

UnitedStatesandtheextent~owhich regionalvariation in incomegrowth canserveto ex-

plain regionalvariation in consumptiongrowth. I seethreeimportantregularitiesappearing

in the data. The first regularity is that the observationson individual states’consumption

growth vary substantiallyarcundthe observationson aggregateconsumptiongrowth. It

is also true that the observationson individual states’personalincome growth alsovary

substantiallyaround the observationson aggregatepersonalincomegrowth. The second

regularity is that the theredc’es not appearto be a significantandstablerelationshipbe-

tweentheseobservationson regionalincomegrowth and regionalconsumptiongrowth when

thesegrowth ratesare measuredat the threeto sevenyearhorizon. The third regularity is

that thereis astrongrelationshipbetweenregionalincomegrowth andregionalconsumption

growth when thesegrowth ratesaremeasuredat ahorizonof severaldecades.

This paperis divided into three sections.The secondsectioncontainsadiscussionof

the datawhich was used in this study. The third sectionpresentsthe plots of the data

and the regressionsthat I ran to explorethe relationshipbetweenan individual state’s

consumptiongrowthrate andits personalincomegrowthrate.

2. The Theory:

This sectiondescribestwo simple hypotheseswhich motivatemy examinationof the data.

Thefirst hypothesisI examineis that consumptiongrowsat the samerateacrossall regions

of the country. The secondhypothesisI examineis that consumptiongrowthwithin aregion

is determinedby that regionsincomegrowth rate.

The hypothesisthat consumptionshouldgrow atthe samerateacrossall regionsof the
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countrycan be derivedin a itiodel in which interteniporal trade in consumption is allowed

and all individuals have the 3ame preferences. The derivation of this hypothesis begins

with the necessary condition of competitive equilibrium that all individualsequatetheir

marginal rate of substitutionDetween two goodsto thepriceratio betweenthosegoods:

U,t(c1) —

—

We interpret goods ti and in as indicating consumption delivered at different dates and in

different states of nature. We then specialize our formulation of preferences to a form in

which the utility function is 3eparable in consumption at different dates and in different

states of nature to derive a relationship between marginal rates of substitution and actual

levels of consumption. For instance, using the same power utility function

LT1(c) = E0 Efltfl(ci) = E0 ~/3’(c’)’~

for all individuals, we obtain the prediction that the ratio of consumptiontoday to con-

sumptionat any other date and in any other stateof natureshould be the samefor all

individuals. Aggregatingacrossindividuals in aregion,we obtain the implication that con-

sumptionshould grow at the samerate at all timesacrossall of the statesof the United

States.

The hypothesisthat con~uInptiongrowth within eachstateshouldbe determinedby

incomegrowth within thatstatecan be obtainedin amodelin whichthe individualsin the

variousstatesareshut off from intertemporaltradewith eachother.

3. The Data:

This sectiondescribesdatasourcesfor the series used in this analysis of regional consump-

tion and income patternsin the United States. To measure consumption, I look at retail

sales data both for total salesand for food storesales collected on a state by state basis in

Censusesconductedin variousyears between 1929 and 1986 by the CommerceDepartment
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and Salesand Marketing ManagementMagazine. To measureincome, I use dataon per-

sonal incomecollectedon a stateby statebasis and published annually by the Commerce

Department.The dataare describedmore fully below.

SalesData Availability: This studyexaminesdata on the dollar volume of retail

sales on astateby statebasis. Thesedataaregatheredby two organizations.Dataon retail

salesat state,county,andcity levels is gatheredperiodically by the CommerceDepartment

through extensivesurveysin Censusesof Retail Tradewhich, from now on, will be taken

at regular five yearintervals in yearsendingin digits two andseven. The datacollectedin

theseCensuseswas collectedearlier in Censusesof Businessat irregularintervals(a census

of retail activity for 1939 was includedas part of the 1940 Census).In the last decade,the

CommerceDepartmenthas alsobegunto survey retail establishmentsstate by state and

city by city both on an annua)and amonthlybasisto establishannualandmonthly figures

for retail trade.

Salesand MarketingManagementMagazine,aprivateorganizationbasedin New York

(formerly SaleaManagementMagazine),hasbeencollectingdataon population,retailsales,

andpersonaldisposableincome,on astate,county,andcity-wide basissince 1929. These

datahavebeenpresentedannually since 1952 in aspecial issueof the magazineentitled

The Survey of Buying Power. Thesedataare typically sold to advertisersandmarketers

who usethe datato target their salesefforts on a local level. The retail salesdata in the

Survey of Buying Power is berichmarkedto the most recentCensusof Retail Tradeand

then interpolatedon an annuzdbasis usingdatasuch assalestax receiptsand bankdebits.

In this paper I discussdataon retail saleson a stateby state basis taken from the

years 1929, 1933, 1935, 1939, 1948, 1952, 1955, 1959, 1964, 1970, 1974, 1979, 1984,and

1986. Thesedataaretakenfrom two different sources.

The dataon total nominal retail salesfor 1929, 1933,1935,1939,and 1948 are taken

from an articleentitled “RegionalT?endsin Retail T~ade”publishedin the September1956

issueof the Surveyof Current Business.Thesedatawere adjustedto bring the treatment

4



of salestaxesinto better conformitywith the practicesof the 1954 Censusof Retail bade.

The dataon food storesalesfor theseyearswas obtainedby applying the percentageof

total retail salesrepresentedEy food storesalesreportedin the raw censusnumbersto the

adjustedfigures for total retail salesdescribedearlier.

The dataon total andfood storenominal retail salespresentedfor 1952, 1955, 1959,

1964, 1970, 1974,1979, 1984,and 1986 are takenfrom the Survey of Buying Power. The

datafor all but 1952 and1986 areeachfrom the first Survey of Buying Power to reflect a

new Censusof Retail Trade. The datafor 1952 and 1986 arefrom the first and last years

of the Survey of Buying Poweravailablein the library at the University of Chicago. I took

data from the Surveyof Btyi~igPowerratherthanfrom the Censusesthemselveswith the

hope that the adjustmentsmadefor mail order salesin the Survey of Buying Powerwill

result in superiordataon ret~.iIsalesfor local consumption.

IncomeData Availability: Tablesreportingnominalpersonalincomeandpersonal

disposableincomestateby st~~teare presentedannuallyin the Surveyof CurrentBusiness.

The personalincomedata is presentedwith an extensivebreakdownof incomeby source

and of labor incomeby industry. Thesedataextendbackto 1929. The personaldisposable

incomedataarelessdetailed and extendbackto 1948.

Price Defiators: Regionalprice data is problematic. I have initially usedthe na-

tional personalconsumptioii expendituredeuiators(total and for food not consumedon

the premises)to put disposabteincome andretail salesinto real terms. I am awaiting the

recieptof CPJdatafor censusregions andselectedcities extendingbackbeyond1929 from

the Bureauof Labor Statistics. Thesedatawill allow someexaminationof the extentof

changesin relativeregionalprice levels.

Population Data: Populationtotals on a stateby statebasisare obtainedfrom a

comparisonof the stateby statepersonalincomenumberson araw andper capita basis.

Further demographicinformation on the age and income distribution of the population

within thestateis availableit. the Survegof Buying Power.
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4. The Plots and the Regressions:

In this sectionI presentsomeplots of thedataandsomeregressionresultsto illustratethree

main regularitiesin the data. The first regularity is that the observationson individual

states’ per capita consumptiongrowth ratesvary substantiallyaround the observations

on aggregateper capitaconsumptiongrowth rates. It is alsotrue that the observationson

individualstates’per capitapersonalincomegrowthratesalsovary substantiallyaroundthe

observationsan aggregateper capita personalincomegrowth rates. The secondregularity

is that the theredoesnot appearto be a significantrelationshipbetweentheseobservations

on regional income growth and regional consumptiongrowth at the three to seven year

horizon that remainsstableo”er the entireperiod. The third regularity is that thereis an

exceptionallystrongrelationshipbetweenregionalincomegrowth andregionalconsumption

growth whenthesegrowthratesaremeasuredatahorizonof severaldecades.I will illustrate

eachof theseregularitiesin turn.

The Variation in ConsumptionGrowth: We canobtaintheprediction that every

region’s consumptionshould �rowat thesamerate from asimpk model in which all goods

arefreely tradedandconsumershave identicalpreferenceswithin acertainclassof prefer-

ences.The predictionofthemodelthat acommoncomponentshouldcompletelysummarize

thedataon individual states’per capitaconsumptiongrowth ratesis not well borne out in

thedata. In everytime periodstudied,thereappearsin thedatato be substantialvariation

in individual states’per capit;i consumptiongrowth ratesaroundthe aggregateper capita

consumptiongrowth rate.

In plots 1 and 2, 1 presentthe observationson per capitatotal retail salesgrowth and

per capita food store salesgrowth state by state for the time periods 1929-33, 1933-35,

1935-39,1939-48,1948-52, 1952-55, 1955-59, 1959-64,1964-70, 1970-74, 1974-79,1979-84,

1984-86,1952-86,and1929-86. For eachof thesetimeperiods,(markedalongthe horizontal

axis) the growth rate of per :apita total retail salesor per capita food storesaleson an

annualizedbasisis representedalongthe verticalaxisby onedot for eachof the forty nine
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statesin the study. The plus sign in eachcolumnof dotsrepresentsthe growth rateof per

capita total retail salesor per capita food storesaleson an annualizedbasis when these

saleshavebeenaggregatedacrossall of the forty ninestates.The height of each column

of dots representsthe dispersionof individual states’per capita retail salesgrowth rates

aroundthe aggregateper capitaretail salesgrowth rate. The variation in the aggregtate

per capitaretail salesgrowth rate over time canbe seenby looking acrossthe plus signs in

eachcolumn of dots.

In plot 3, I presentthe samekind of picture as in plots 1 and 2 exceptthat I present

the annualdatafor individual states’per capitapersonalincomegrowth rates. Thesedata

indicate that per capita personalincome growth is alsoquite variableacrossthe various

statesof the country. Plot 4 presentsthe samepicture as ptots 1 and 2, taking only the

data to calculatethe growth ratesfor the years1929-33,1933-35,1935-39,1939-48,1948-

52, 1952-55, 1955-59, 1959-64,1964-70, 1970-74, 1974-79,1979-84, 1984-86, 1952-86, and

1929-86.

In plot $ I presentthe crosssection of personalincome acrossthe 49 statesof the

UnitedStatesobservedin 1929,1948, 1970 and 1986. The datathat arepresentedarethe

logs of personalincome. This graph showsthat therehas beenconsiderablenarrowing of

the differential in incomeacrossthe variousstatesof the UnitedStates.

Consumption Growth and Income Growth in the Short Term: As we saw

in the previoussection,we can obtain the prediction that a regions’ consumptiongrowth

shouldbe completelyexplainedby regions’ income growth Iron a simple model in which

no goods are traded and no ~oods can be stored. This predictionof the model that an

individual states’incomegrowth shouldhavegreatpowerin explaininganindividual states’

consumptiongrowth is alson’)t borne out in the datawhen growth ratesare measuredat

a horizon of threeto sevenyears. I documentthis featureof thedatain plots 5 and6 and

in the regressionsthat follow.

I plot 5, I plot all 637 observations of the deviation of individual states’ percapitatotal
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retail salesgrowth ratesfrom the aggregateper capitaretail salesgrowth rate against the

deviationof thosestates’per capitapersonalincomegrowth ratesfrom the aggregateper

capitapersonalincome growthrate for the years1929-33,19:33-35, 1935-39,1939-48, 1948-

52, 1952-55, 1955-59, 1959-64, 1964-70, 1970-74, 1974-79, 1979-84, 1984-86, for the same

years.In plot 6, I presentthe samepicture using per capita food storesalesasopposedto

per capita total retail sales. Ii is apparentfrom thesepictures that thereis at best a weak

relationshipat the three to si~venyear horizon betweenindividual states’income growth

ratesand their consumption~rowth rates.

To furtherdocumentthe regularitythat thereis no clearrelationshipbetweenastates’

consumptiongrowth rate and its incomegrowth rate at the threeto sevenyearhorizon, I

ran regressionsof the form:

at = cx(a~)+ fl(a~)+

wheret~cis a vector of individual states’ growth ratesof per capitaretail sales,Aa is the

growth ratein the per capitaaggregateretail sales,andAy is avectorof individual states’

per capitaincomegrowth ratEs. Table1A containsthe resultsfrom theseregressionswhen

dataon per capita total retai.1 sales is usedas the proxy for consumptiongrowth. Table

2A containsthe resultsfrom theseregressionswhen dataon food storesalesis usedas the

proxy for non-durableconsumptiongrowth.

I first ran this regressionfor all 637 observationson retail salesand income growth

rates for the years 1929-33, ).933-35, 1935-39, 1939-48, 1948-52, 1952-55, 1955-59, 1959-

64, 1964-70, 1970-74, 1974-79, 1979-84, 1984-86. These regressionsusingdata on total

retail salesand food storesalesessentiallyreproducethe information in plots 5 and6 on

the overall relationshipbetweenincome growth andconsumptiongrowth and arereported

in the first row of tables 1 arid 2. The results from these regressionsusing all of the

datagive aconflicting picture of the relationshipbetweenconsumptiongrowth andincome

growth. When dataon total retail salesare used,a strong relationship betweenstates’
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income growth ratesandcon5umptiongrowth ratesappears.On the other hand, no such

relationshipemergesfrom thE data on food storesales. This apparentcontradictionmay

be due to the inclusion of dunbie goodssalesin the figures for total retail sales.

I then ran this regressionseparately12 times, one time for each of the time periods

1929-33, 1933-35, 1935-39, 1948-52, 1952-55, 1955-59,1959-64, 1964-70, 1970-74, 1974-79,

1979-84,1984-86for which I have49 observationson states’retail salesand incomegrowth

rates. Theseregressionresu1t~arereportedin rows 2 through 14 of tables 1A and 2A. As

with the regressionsusing all of the dataat once, it appearsin theseregressionsthat a

states’ income growth has more power in explaining that statestotal retail salesgrowth

than it doesin explainingits rood storesalesgrowth. It alsoappearsthat the relationship

betweenincomegrowth andconsumptiongrowth doesnot remainstableover the various

periodsstudied.

Consumption Growth and Income Growth in the Long Term: Plot 7 shows

the relationshipbetweenastate’sincomegrowthand its total retail salesgrowth or its food

storesalesgrowth over the full period 1929-1986coveredin the sample.Theseplotsclearly

show astrongrelationshipbetweenthesetwo variablesin the very long term. In tableslB

and2B I presentresultsfrom the sameregressionof consumptiongrowth on incomegrowth

when the time period covered is taken to be between10 and 20 years. Theseregression

reultsshowthatit is not until onereachesthe longesthorizonsthat the relationshipbetween

astate’sincomegrowth and i~ssalesgrowth emergesmostclearly.

In plots 9 and 10, I presentthe crosssectionalrelationshipbetweenastate’s log level

of retail salesand its log level of incometakenat differentdates. Theseplots demonstrate

the declineover time in the flu; of astandardcrosssectionalconsumptionfunction.
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Plot 2:

Food Store Sales Growth Rates for 49 States
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Plot 4:

Personal Income Growth Rates for 49 States
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Plot 5:

Total Retail Salesgrowth vs. PersonalIncome Growth
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Plot 6:

Food Store Satesgrowth vs. personal income growth
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- Plot 8:

Cross Section of Personal Income per Capita
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Table 1A:

Results of R~gressions of Total Retail Sales Growth

On Aggregate Total Sales Growth and Personal Income Growth

Short Term Growth Rates

standard errors are in parentheses

Years A Ag~. Sales A Income Adj. R2 & N

All years .0117(.0135) .8099 (.0253) .6177 & 637

1929-33 .4465(.1063) .6385 (.1172) .3739 & 49

1933-35 .8671(.1000) .2652 (.0651) .2450 & 49

1935-39 .5866(.1399) .6113 (.1846) .1720& 49

1948-52 1.4124 (.3339) -.4026 (.1863) .0710 & 49

1952-55 .2613 (.2667) .6549 (.1538) .2630 & 49

1955-59 3.5525 (.7448) .5738 (.1169) .3247 & 49

1959-64 -2.1730(.7093) .7604 (.1683) .2879 & 49

1964-70 -2.2685(.4888) .8801 (.1238) .5080 & 49

1970-74 1.3081 (.1911) -.3792 (.2201) .0394 & 49

1974-79 .1671 (.7434) .3880 (.3282) .0082 & 49

1979-84 -11.8388 (4.3242) 1.1581(.1633) .5068 & 49

1984-86 .2235 (.1685) .9030 (.1658) .3738 & 49
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Table 1B:

Results of Regressions of Total Retail Sales Growth

On Aggregate Total Sales Growth and Personal Income Growth

Long Term Growth Rates

standard errors are in parentheses

Years A Agg. Sales A Income Adj. R2 & N

1929-39

1939-48

.0035 (.2928)

.6389 (.1153)

.9564 (.1992)

.4564 (.0970)

.3148 & 49

.3058 & 49

1948-59

1959-70

1970-79

1979-86

.8037 (.4456)

-2.7875(.4197)

.0015 (.2350)

-.4895 (.3008)

.0542 (.1990)

.9818 (.1051)

.8838 (.1991)

1.1016(.1455)

- .0197& 49

.6424 & 49

.2803 & 49

.5397 & 49

1929-48

1948-70

1970-86

.8394 (.1580)

-.9844 (.6164)

-.1340 (.3276)

.3396 (.1198)

.6786 (.2071)

.9628 (.2661)

.1280 & 49

.1687& 49

.2012 & 49

1929-86 -.3154 (.1502) .9022 (.0933) .6585 & 49
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Table 2A:

Results of Regressions of Food Store Sales Growth

On Aggregate Food Store Sales Growth and Personal Income Growth

Short Term Growth Rates

standard errors are in parentheses

All years

1929-33

1933-35

1935-39

1948-52

1952-55

1955-59

1959-64

1964-70

1970-74

1974-79

1979-84

1984-86

-1.1813(.1199)

-2.44E.9 (.7126)

1.1262 (.2713)

1.6091 (.1649)

1.2025 (.1716)

.4100 (.7142)

1.0693 (.2565)

-0.7452(.6409)

-1.5592(.5962)

-6.7064: (13.4554)

.7388 (.3997)

1.8023(.4033)

.5174 (.2860)

.0640 & 637

.3547 & 49

.2247 & 49

-.0101 & 49

.0637 & 49

.0274 & 49

.0130 & 49

.1500 & 49

.3015 & 49

-.0163 & 49

-.0103 & 49

-.0098 & 49

.0900 & 49

Years A Agg. Food Sales Aincoine AdJ.W& NJ

-i
.1704

.4680

.2845

.1877

-.2906

.3131

.2464

.7660

.7931

-.0992

.2402

.1567

.6338

(.0255)

(.0894)

(.0737)

(.2608)

(.1407)

(.2042)

(.1929)

(.2489)

(.1702)

(.2063)

(.3367)

(.2139)

(.2643)
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Table 2B:

Results of Regressions of Food Store Sales Growth

On Aggregate Food Store Sales Growth and Personal Income Growth

Long Term Growth Rates

standard errors are in parentheses

Years A Agg. Food Sales A Income Adj. IV & N

1929-39

1939-48

1948-59

1959-70

1970-79

1979-86

1.9038 (.1629)

.3535 (.1602)

1.108� (.2096)

-1.777’! (.4568)

-.8286 (.4462)

1.108’? (.2606)

.6163 (.2050)

.4868 (.0827)

-.0446 (.1740)

.9610 (.1471)

.8247 (.1902)

.3788 (.1976)

.1434 & 49

.4120 & 49

-.0199 & 49

.4649 & 49

.2705 & 49

.0528 & 49

1929-48

1948-70

1970-86

.4667 (.1310)

.1145 (.3950)

.4291 (.4165)

.8128 (.1042)

.5368 (.2099)

.4879 (.2494)

.5551 & 49

.1035 & 49

.0556 & 49

1929-86 -.8116 (.1662) 1.3919 (.1103) .7673 & 49
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I. Introduction

The product cycle features prominently in trade between the Northern

developed countries and the Southern newly-industrializing countries. In his

seminal article on the subject, Vernon (1966) described the “life cycle” of a

typical manufactured product. Development and initial manufacturing of new

products takes place in the North, he argued, because R&D capabilities are

well developed there and because proximity to large, high-income markets

facilitates the innovation process. After a while, the production methods

become more standardized. Then, technology transfer or imitation by Southern

firms takes place, whereupon the bulk of production migrates to the South to

capitalize on the relatively cheap labor there. Interregional trade in

manufactured goods involves exchange of the latest, innovative goods, produced

only in the North, for older, more established goods, produced predominantly

or entirely in the South.

The first attempt at formal modeling of this phenomenon was carried out

by Krugman (1979). Re posited an exogenous rate, g (our notation), of

introduction of new products in the North, and an exogenous rate, js, of

technology transfer to the South. By hypothesis, then, the total number of

products known to the world evolves according to n/n — g, while the number of

products that the South is able to produce evolves according to — pn~,

where nN is the number of products in which the North temporarily maintains

exclusive productive capacity. These exogenous processes ensure the existence

of a steady state in which the share of Northern products in the total number

of products, 0
M — n.~/n, is equal to g/(g+p). Adding some economic structure

to the model, Krugman finds a positive relationship between the relative wage

paid to Northern labot (w0/w5) and pig, and an inverse relationship between

the relative wage and the relative size of the Northern labor force.
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Krugman’s work has since been extended by Dollar (1986) and Jensen and

Thursby (j.986, 1987). Dollar maintains Krugman’s assumption of an exogenous

rate of product innovation, but relates the rate of technology transfer to the

North-South terms of trade, albeit in an entirely ad hoc manner. Jensen and

Thursby (1986) attempt to capture the resource costs of product development

and technology transfer and the decision processes that determine these

expenditures, but they assume that all innovation is carried out by a single,

monopolist entrepreneur in the North, and that the allocation of resources to

reverse engineering in the South is made by a social planner. Their later

(1987) paper does allow for a fixed number (perhaps greater than one) of

innovators in the North, but reverts to the assumption of an exogenous rate of

Southern imitation. Moreover, their analysis in both papers is partial

equilibrium in nature, inasmuch as they take the interest rate as given. 1

In this paper, we build upon our earlier work on product development and

international trade (1988, l989a) to construct a model of the product cycle

featuring endogenous innovation and endogenous technology transfer. In our

model, competitive entrepreneurs in the North expend resources to bring out

new products whenever the expected present discounted value of future

oligopoly profits exceeds current product development costs. Each Northern

oligopolist continuously faces the risk that its product will be copied by a

Southern imitator, at which time its profit streamwill come to an end. Thus,

the length of the initial phase in the life cycle for each product (i.e. , when

production occurs in the North) is a randomvariable. In the South,

1 A recent paper by Segerstrom et.al (1987) does provide, in a somewhat
different framework, a more satisfactory depiction of the competitive process
leading to the introduction of “improved” products, but they also assume that
technology transfer is automatic and costless, and occurs after a fixed,
exogenous period of time.
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competitive entrepreneurs may devote resources to learning the production

processes that have been developed in the North. There too, costs (of reverse

engineering) must be covered by a future stream of operating profits. In all

this, interest rates are determined endogenously so as to equate savings and

investment.

Our approach enables us to discuss the determinants of the long-run rate

of growth of the world economy and the long-run rate of technological

diffusion. We find steady-state values for g and p, and relate these to

underlying structural characteristics of the world economy (the sizes of the

two trading blocs, the productivities of resources in their various uses, and

the nature of demand for the differentiated manufactured goods), and to the

commercial and industrial policies enacted by the two governments. Also, we

provide an analysis of the effects of exogenous events and of public policy on

relative wage rates in the two regions, and find that Krugman’s (1979) results

derived for the case of g and p exogenous may in fact be misleading. For

example, when we allow for the changes in the steady-staterates of innovation

and imitation that are induced by variations in the two labor forces, we find

that the direction of movement in relative wages in the steady state is

exactly the opposite of that predicted by Krugman.

The remainder of our paper is organized as follows. We develop our model

of the product cycle in the next section. In Section III, we solve for the

steady-state equilibrium and discuss its dependence on structural features of

the world economy. We devote Section IV to policy analysis, considering there

the long-run effects of subsidies to innovation in the North, of subsidies to

reverse engineering (or learning) in the South, and of trade policies in both

regions. The concluding section contains a summary of our findings.
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II. A Model of the Product Cycle

We study a world economycomprising two countries or regions, denoted by

“North” and “South”. The regions differ only in their abilities to innovate.

The North enjoys absolute (and comparative) advantage in developing new

products and bringing them to market, Indeed, for much of the paper we shall

assume that Southern productivity in product innovation is sufficiently low

that the South performs none of this activity in the trading equilibrium.

We consider a world of symmetrically differentiated products. There

exists a continuum of potential goods that are desirable to consumers, but

only a subset of these (of finite measure) are produced at any point in time.

Before any product can be manufactured and sold to consumers resources must be

devoted to “developing” the product; that is, the good must be designed, the

procuction techniques perfected, etc.

All consumers worldwide share identical preferences for the differ-

entiated products. Each consumer seeks to maximize the time-separable

intertemporal utility function

(1) U~— fe4~Tt)log[u(r)3dc,

where p is the subjective discount rate and u(’) is the instantaneous sub-

utility function given by

1/a

(2) u(r) — [fxcwraw] , 0 C a C I

In (2), x(w) is consumption of differentiated product w and n (a function of

r) is the (measureof the) number of varieties available on the market.
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The representative consumermaximizes (1) subject to an intertemporal

budget constraint

(3) feT~tHE(r)dr ~ Je rWt)Iy(f)d,. + A(t)

where R(t) is the cumulative interest factor from time 0 to t that the

consumer faces on the local capital market, E(t) and Y(r) are his spending and

factor income at time r, respectively, and A(t) represents the value of his

asset holdings at t. Our results concerning the steady state do not hinge on

whether capital is traded internationally or not; but for ease of exposition

we shall assume in what follows that all agents face the same interest rate.

As is well known (see, for example, Grossmanand Helpman (1988)), the

solution to the intertemporal maximization problem requires

(4)

while (2) implies an instantaneous demand for variety 0 given by

(5) () — p(w)~ E

fp(w’ )1~dw’

where p(o) is the price of variety w and e — l/(l-a) > 1 is the (constant)

elasticity of substitution between any two varieties.

Consumers use their savings to acquire riskless bonds and/or a portfolio

of shares in profit-making firms. As we shall see, the profits of Northern

firms are random variables. Eut all risks are firm specific, so that the

consumer-investor can earn a sure return by holding a portfolio consisting of
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a continuum of such firms. Then arbitrage ensures that, in equilibrium, the

return to such a diversified portfolio of Northern firms equals the riskloss

int~rcst raLe, which in turn equals the (certain) return on a share of any

Southern firm.

The production sector comprises two distinct activities. Before a

producer can begin to manufacture any variety, she must learn the production

technique specific to that variety. If the product is a new one (i.e., not

previously available in the marketplace), then this learning represents

innQvatlQn. If, instead, the product already exists on the market, then the

learning represents imitation. In either event, the learning activity

requires an expenditure of resources by the entrepreneur (presumably more for

innovation than for imitation), with productivity parameters that vary by

region. After the production technique has been learned by the entrepreneur.

she can manufacture the product according to a constant-returns-to-scale

production function.

We suppose that there is a single, primary input, which we call labor.

Consider first the manufacturing activity. Production of any variety of

consumer good in either country requires ax units of labor per unit of output.

Hence, marginal cost for any good produced in country i is wiax, where w~ is

the wage there, for I — S (South) and N (North). At any point in time, the

set of available products and the number of entrepreneurs of each nationality

able to produce every product is given. The producers behave as Bertrand

competitors, taking the prices of other firms’ products and the level of

aggregate spending as fixed. They maximize profits by setting marginal

revenue equal to marginal cost, as usual.

A Northern producer with proprietary know-how concerning the production
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technique for some particular variety faces, according to (5) and our

assumptions about market structure, a demand curve with constant elasticity

equal to -c. Such a firm maximizes instantaneous profits by charging a fixed

mark-up over marginal costs, implying a price PH that satisfies

(6) — w~a~

The resulting instantaneous profits are

(7) — (l-a)PHXN

where xN is the equilibrium output level, calculated using (5). If two

Northern firms were to be capable of producing the same variety (one having

imitated the innovation of the other), then as Bertrand competitors with a

homogeneousproduct they would each set a price equal to marginal cost and

earn zero profits. It follows, therefore, that no Northern entrepreneur could

recoup the fixed costs of imitation, and so none of this activity will take

place in the North.

We suppose that the equilibrium wage rate in the South is below that of

the North.2 We rule out the possibility that a Southern finn will have

exclusive production capability for some varieties by assuming that the

productivity of Northern entrepreneurs as innovators far exceeds that of

Southern entrepreneurs. This implies that all innovation occurs in the North,

and that all knowledge acquisition in the South takes the form of imitation.

2 We will see that this assumption is consistent with the conditions for

a steady-state equilibrium for a wide range of parameter values.
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If two Southern firms have copied the same variety of consumer good, these two

will set prices equal to their marginal costs and earn zero profits. So the

second of the imitators could never justify bearing the cost of reverse

engineering. It follows that the only case to consider for Southern manu-

facturers Is one where a single Southern firm (imitator) competes with a

single Northern firm (innovator) in the market for some particular variety.

Two outcomes may result in this competition, depending on the size of the

gap between Northern and Southern wages. If the gap is large, the Southern

firm can charge its monopoly price without paying any regard to competition

from the Northern innovator. This price for Southern products prevails when-

ever wsax/n (the monopoly price) falls short of the marginal cost of Northern

production, wNax, or when w5 S awu. We shall refer to this as the wide-gag

case. If relative wages in the South are somewhat higher, then a Southern

firm charging its monopoly price would be undercut by its Northern rival, In

this narrow-gap case the Southern firm prices just below the marginal cost of

the Northern producer and thereby captures the entire market. Thus, we have

(Os) p~— w5a~/c if w~S awN

(8b) p~— w$ax if w5 ~

The instantaneous profits of a Southern firm are

(9a) — (l-a)p5x5 if w5 S oww

(9b) — (l-wg/wN)psx$ if w~~ oww
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where x5 is the firm’s level of sales in equilibrium (calculated from (5)).

Notice that, in either case, the Southern firm uses its cost advantage to

capture the entire sub-market and the Northern firm makes no further sales

once its variety has been copied abroad. This feature of the model captures

the migration of production from North to South, as first described by Vernon

(1966)

We turn next to the learning activities. As in Romer (1988) and Grossman

and 1-{elpman (1989a,b), we assume that the resources devoted to industrial

research generate two sorts of outputs. First, when an entrepreneur hires

labor for purposes of innovation or imitation she derives an appropriable

output in the form of a “blueprint” for production of a particular variety.

This blueprint is the “entry ticket” into the oligopolistic competition in the

final-goods sector and carries the reward of the associated stream of

oligopoly profits. At the same time, the development activity (in the North)

and the imitation activity (in the South) create non-appropriable, by-product

benefits in the form of additions to general knowledge. Knowledge here

includes scientific information, as well as some forms of engineering data

with widespread applicability, that is generated in the course of developing

or copying some particular product, and that contributes to the productivity

of later learning efforts. We shall assumehere that the stocks of industrial

knowledge are specific to the countries in which the knowledge was created

(but see footnote 3 below).

Consider now the imitation activity in the South. A Southern

entrepreneur chooses at random one of the existing and not-previously-imitated

Northern products to copy. In order to learn the production process, the

entrepreneurmust devote a1/K5 units of labor to the task, where a1 is a fixed
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productivity parameter (“I” for imitation) and ç is the stock of disembodied

knowledge capital in the South. We take the stock of knowledge to be

proportIonal ~o cumulative experience in the learning sector in the South, and

choose units so that K5 — ri5, where n5 is the number of varieties that

Southern firms have imitated in the past. Under this specification,3

(10) n5 — n5L1/a1,

where L1 represents total labor employed in reverse engineering in the South.

Entry into imitation is assumed free, and can be financed either by a

bond issue or an equity offering. If this activity were to offer a pure

profit at any point in time, then incipient entry by entrepreneurs would

generate excess demand for Southern labor. It follows therefore, that in an

equilibrium with some labor devoted to imitation in the South, the present

value of Southern profits from manufacturing must Just equal the cost of entry

into the final-goods sector via reverse engineering, or

fe~’~tflw5(r)dr — w3(t)a1/n5(t)

Some alternative specifications may be equally plausible. First,
productivity in imitation might depend on both imitation experience and on
knowledge accumulated in the North. This specification would apply if
information disseminated internationally, and if the knowledge generated in
the course of innovation were also helpful to imitators. Then the labor input
coefficient in imitation would be a1/fln5,n). If, instead, productivity in
imitation were enhancedby the existence of a greater number of products
subject to copying, the input coefficient would be a1/#(n5,n,.). Either of
these specifications generates a steady-state equilibrium with properties
similar to the one we describe, provided that *(~) and *(‘) are assumedto be
homogenous of degree one in their arguments. We will note instances where the
alternative formulations yield different results in later footnotes.
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Differentiating this break-even condition with respect to t, we find

___ (~, n~
(11) ~w5a1/n5 ~ w~ ri51

Equation (11) expresses a no-arbitrage condition, equating the sum of the

instantaneous profit rate (first term on the left-hand side) and the capital

gain (second term on the left-hand side) to the instantaneous rate of

interest. The capital-gain term reflects the fact that the value of a

Southern firm equals the present cost of imitation, and so varies positively

with the wage rate and negatively with productivity in the learning activity.

A potential Northern innovator faces a similar, though somewhat more

complex decision problem. The development of a new product in the North

requires a3/K~ units of labor, where a0 is another productivity parameter (“D”

for development) and RN represents the level of scientific and engineering

know-how in the North. We assume that each development project contributes a

similar amount to the stock of knowledge in the North, so that ïç is propor-

tional to cumulative experience in innovation, n. We choose units so that

K5 — n. Then the measure of the set of available products grows according to

(12) n — nl~/a0

where La is the aggregate amount of labor hired by entrepreneurs for purposes

of innovation.

A Northern innovator who brings out a new product at time t faces

thereafter a positive probability that her product will be selected by some

Southern entrepreneur for imitation. If the product is copied at time T, the
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innovator’s stream of monopoly profits ends then. In that event, the

innovator earns, in total, a sum whose present discounted value at t is

fl(t,T) — fetttfl~(r)dr

At the time of development of some particular product, the date ‘F at

which imitation of that product will occur is a random variable. However, as

we noted above, shareholders of the firm can diversify away this product-

specific risk by holding a portfolio of Northern shares. The individual firm

therefore maximizes its stock market value by maximizing the e,wected present

discounted value of the stream of monopoly profits less innovation costs. We

will assume that Northern agents have rational expectations. Letting F(t,T)

denote the cumulative distribution function for T for a product developed at t

(i.e., the probability that monopoly power will be lost to a Southern imitator

before time ‘F), we can write the expected present value of profits for a time-

t innovator as

V(t) — fII(t,T)F~(t,T)dT

Since we allow free entry by Northern entrepreneurs into product development,

a positive rate of innovation implies

(13) ‘1(t) — w~(t)a0,’n(t)

The evolution of imitation activity in the South after time t determines

the distribution of the terminal date ‘F for a product developed at t. Since
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Southern entrepreneurs choose their target products at random, each existing

Northern monopoly faces the same chance of being imitated. So the hazard rate

of F(t,T), which is given by F~/(l-F); is equal to the instantaneous rate of

imitation, 1s(T) n nS(T)/nN(T). This in turn implies

(14) F(t,T) — 1 - e

Using (14), and the definitions of ‘1(t) and fl(t,T), we calculate

(15)

Now, differentiating (13) with respect to t, and using (15), we find

(16)

Equation (16) expressesa no-arbitrage relationship similar to (11). It

equates the sum of the instantaneous profit rate of a Northern firm (first

term on the left-hand side) and the capital gain (second term on the left-hand

side) to the risk-adjusted interest rate. The capital gain here is the

increase in the value of the firm, which equals the rate of increase in

Northern wages minus the rate of productivity growth in the innovation

activity. The risk premium is just equal to the rate of imitation, because

this we have shown is the conditional density for the event that the firm

suffers a total loss in earnings potential.

We complete our description of the equilibrium by appending the two

labor-market clearing conditions. In each country, labor is employed in both
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manufacturing and learning activities. Letting X1—i~x~denote the aggregate

output of final products in country 1., i—N,S, and L1 denote the exogenous

labor supply there, we equate labor supply and demand in each country in the

following equations:

(17) (a1/n5)n5 + aXX~— 4

(18) (a0/n)n + axX~— L.~

The equations that we have derived in this section fully determine the

evolution of the world economy from any initial conditions (i.e., numbers of

goods produced in the North and South), provided that we choose an initial

level of spending, E(O), consistent with long-run convergence to a steady

state. We proceed now to examine the steady-state properties of our model.

III. Determinants of Imitation and Innovation in the Long Run

In the steady state, the number of products grows at constant rate g, and

Southern firms imitate at constant rate p. We are interested in the

determinants of these long-run rates of innovation and imitation. We are also

concerned with growth of log u(r), since this measures instantaneous utility

in our model. Eut it is easy to show that dElog u(Tfl/dt — (l-a)g/o, so the

factors that affect the long-run rate of innovation similarly influence the

steady-state growth in utility.4

This claim can be verified using (2), once we recognize that the shares
of Northern and Southern products in the total number of varieties are
constant in the steady state, and that consumption of each variety falls at a
rate equal to the rate of growth in the number of products (so that aggregate
output in each country is constant).
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We begin by normalizing nominal prices so that wH — n. With this choice

of numeraire, all prices and wages grow at the common rate g in the steady

state, as does nominal spending E. Then (4) implies

(19) R—g+p

In the steady state, the share of Northern products in the total number

of varieties, a~— na/n, is constant, and is equal to g/(g+p). Using this

fact, and substituting (6), (7) and (19) into the no-arbitrage condition (16),

we find

(20) (l-a)a4X~—

Now we combine (18) and (20) to derive

(1-a)(h -g)
ag/(g-i-p) —g p p

where hN a I.~/aDis’ the “effective” Northern labor force measuredin terms of

productivity in innovation.

Equation (21) expresses a steady-state relationship between g and p. We

depict this relationship by the curve MN in Figure i.~ The curve shows

combinations of steady-state rates of innovation and imitation that are

consistent with labor-market clearing in the North and a profit rate there

equal to the risk-adjusted interest rate. Its positive slope can be

understood as follows. A ceterus paribus increase in the rate of innovation

~ This figure was suggestedto us by Paul Krugman.
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lowers the profit rate per variety for two reasons. First, an increase in g

draws resources out of manufacturing into the learning sector, thereby

decreasing aggregate output of final goods in the North, and hence the sales

base over which mark-up profits are earned. Second, an increase in g raises

the share of Northern products in the total number of varieties, and thus

lowers the output per Northern firm for a given n and XN. At the same time,

an increase in the rate of innovation raises the interest rate, ceterus

paythus. So an increase in g opens a positive gap between the risk-adjusted

interest rate and the profit rate. An increase in the rate of imitation is

needed, then, to restore equality between the two. The increase in M raises

the risk-premium, thereby exacerbating the disequilibrium, but it also raises

the profit rate. As can be seen from (21), the effect on the profit rate (the

left-hand side) dominates. The effect of p on the Northern profit rate stems

from the implied reduction in a~and thus the increase in sales for each

Northern firm at given n and X~.

To derive a second relationship between g and p, we must bring in the

equilibrium conditions for the South. The nature of this second relationship

varies according to the size of the gap between Northern and Southern wages.

We take up the wide-gap and narrow-gap cases in turn, discussing in each

instance the determinants of (steady-state) g and p.

A. The Wide-Can Case

Recall that, when w5/w~< a, the Southern imitator of a particular

variety charges its monopoly price without regard to competition from the

original Northern developer of that variety. In this case, we substitute

(8a), (9a) and (19) into the no-arbitrage condition for Southern firms, (11),



17

which gives

(22) (l-a)a~Xz — aa1(g + P)

Now we use the labor-market clearing condition for the South, (17), to

substitute for ~ in (22). Recognizing that the number of Southern products

n5 grows at rate g in the steady state, we have

(23) g — (i-a)h5 - ap

where h5eL5/a1 represents the effective labor force of the South measuredin

units of productivity at imitation.

We represent equation (23) by the horizontal line 55 in Figure 1. The

steady-state rates of innovation and imitation for the wide-gap case are given

by the intersection of the curves SS and MN in the figure.6 Of course, at

this intersection point we must have w5 ~ awN for the wide-gap case to apply.

(More on this point below.)

We note first the effects of international trade on steady-state growth

in the two regions. The North’s autarky rate of growth is found at the

intersection of the NH curve and the horizontal axis, where p—O. Since the

curve MN is everywhere upward sloping, the North grows faster in the steady

state of a wide-gap trading equilibrium than it does in the absence of trade

with the South. Southern imitation enables a release of resources from the

6 If the SS curve lies everywhere above the MN curve in the figure, then
the narrow-gap case, rather than the wide-gap case, must apply. If the SS
curve lies everywhere below NH, then there can be no steady-state with a
positive rate of imitation in the South. Instead, the South will imitate for
a while, then produce a fixed set of goods.
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Northern manufacturing sector for redeployment In product development. This

reallocation of resources is mediated by an increase in the profit rate, which

results when, at given n, a smaller number of Northern firms share the total

market for Northern products.

The growth rate for the South in autarky is determined by (23). after we

replace a1 in that equation with the parameter reflecting Southern

productivity in innQvation, say a05. Since ~ > a1, it follows that the

South too grows faster with trade than without. There are two sources of this

faster growth. First, imitation of Northern goods saves resources relative to

the development of new products from scratch. Second, the incentive to

undertake the learning activity in the South is strengthened by the presence

of Northern demand for Southern products, which raises the profit rate.

In the steady state of a wide-gap trading equilibrium, the growth race is

proximately determined by economic forces in the South. An increase in either

the North’s labor force or in its productivity at innovation shifts the NH

curve upward. This suppresses the rate of Southern imitation and hence the

steady-state share of products manufactured by the South, but has no effect on

the steady-state growth rate.7 The explanation for this lies in the

determination of a Southern firm’s profit rate, which in the steady state must

equal g+p. Consider a shock in the North that alters the derived demand for

Southern labor, hence the equilibrium relative wage w5/w~. Since Southern

prices in the wide-gap case are a fixed mark-up over production costs there,

If Southern productivity at imitation were influenced by either the
number of products in the North, or by the stock of knowledge capital there
(as described in footnote 3), then shocks in the North would have an effect on
the steady-state growth rate. In these cases, the SS curve slopes downward
(provided that fl’) and ~(~) are homogenous of degree one), so that expansion
of the North’s effective labor force accelerates steady-state growth.
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the change in w5Jw~alters profits per variety and the cost of imitation

equiproportionately. The shock in the North also may change the fraction of

products mal)ufactured in the South. But given aggregate Southern output of

manufactures X~, a change in n5 affects similarly the profits of a given

variety and productivity in imitation. So, by either channel, the net effect

on the profit rate in the South is nil. It follows that the initial values of

g and ; continue to satisfy the conditions for a steady-state equilibrium.

An improvement in productivity at manufacturing, ax, has no effect on 55,

hence no effect on the steady-state values of p or g. But an expansion of

effective labor in the South, precipitated either by an increase in L~or a

decline in a1, causes the SS curve to shift upward and generates an increase

in the steady-state rates of imitation and innovation. The impact effect

entails a rise in the rate of imitation. In the North, this raises the risk

premium for product development, but also boosts profits for each surviving

monopoly, as output per Northern brand expands. As we mentioned before, the

latter effect dominates, so innovation responds positively.

We close our discussion of the wide-gap case by considering the

determination of relative wages. We evaluate (5) at the equilibrium prices

given in (6) and (8a), and then take the ratio of outputs per variety in the

North and South, to derive

24 — _______( )

Substituting for Xff/X5 using (20) and (22), and noting a~— g/(g+p), we find

e,,,~~ (W5) a0 p (~ p
icj ~j!9’V~F~~
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We note that the right-hand side of (24) is increasing in ;s and declining in g

and in g/~.

An expansion of the labor force in the North alters the right-hand side

of (25a) only via its effect on p. We see, therefore, that this shock causes

to fall. A larger labor force in the South, on the other hand, implies

acceleration of both innovation and imitation, but a fall in the ratio of g to

p (the slope of a ray from the origin to E falls as we move up along a given

PIN curve), hence a larger value of w5/w~. We conclude that the relative wage

of the South moves inversely with the relative size of the North.

The response of relative wages to the productivity parameters is similar.

An improvement in productivity in Northern innovation slows the steady-state

rate of imitation, and also has a direct negative effect on the right-hand

side of (25a), so the relative wage of the South falls in response. An

improvement in Southern productivity in imitation raises p, depressesg/p, and

directly increases the right-hand side of (2Sa), and so causes w5/w~ to rise.

Our results concerning relative-wage effects stand in stark contrast to

those of Krugman (1979), who took p and g to be exogenous. The sources of the

difference can be seen in the equation

(25b) — (L~-a,g) ~(wwJ (L5-a1g) ~

derived by substituting (17) and (18) and ~ — g/(g+p) into (24). Here, when

p and g are taken as parameters, 1,, and L~have the effects on relative wages

predicted by Krug~nan. These effects derive from the relative pricing of final

goods, if we assume, as Krugman does, that all extra resources are devoted to

manufacturing. But (25b) points to two ways in which the sizes of the labor
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forces affect relative wages that are missing from Krugman’s analysis. First,

when learning requires resources, changes in g alter the derived demand for

labor in the learning sector, hence the residual available for manufacturing.

Second, changes in outputs per firm caused by an expansion of either labor

force necessitate a reallocation of resources between manufacturing and

learning in each country in order to preserve the equality between the profit

rate in the South and the risk-adjusted profit rate in the North.

B. The Narrow-CaD Case

In Figure 2 we have reproduced the tIN curve (equation (21)), which

continues to apply. We find a second relationship between the steady-state

values of p and g for the narrow-gap case by first substituting the

equilibrium prices in (6) and (8b) into (5), then taking the ratio of

aggregate outputs in the North and South, and finally using the result

together with the market-clearing conditions, (17) and (18), to derive

‘26’ at
— a0 (h~-g)~/ aI(hs-&g.

We plot the combinations of g and p that satisfy (26) as the curve XX in

Figure 2. This curve describes combinations of the rates of growth and

imitation that are consistent with simultaneous clearing of the labor markets

and product markets in each country. It is easy to show that the XX curve

slopes upward, once we recall that h2 > h~is required for the existence of a

steady-state equilibrium with a positive rate of imitation in the South.8 We

See the argument in footnote 6 above. A necessary and sufficient

condition for the $5 curve to lie above the intersection of the PIN curve with
the vertical axis is h5 > h~. This condition also is necessary for wS > awN
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prove in the appendix that the XX curve must be steeper than the PIN curve at

any point of intersection, so the two curves car. Lnteksect at most once.

Moreover, since the XX curve asymptotes to hN as p grows large, while the PIN

curve asymptotes to (l-a)h~, they must intersect exactly once. This

intersection (at Q) represents the unique narrow-gap equilibrium, provided

that the relative wage associated with that point satisfies WSIWNe a.9

An increase in h5, caused either by an increase in or a decline in a1,

shifts the XX curve to the right (not shown), while leaving the NH curve

unaffected. So the rates of growth and imitation are faster in the steady

state of a narrow-gap equilibrium the larger is the effective labor force of

the South. An increase in the effective labor force of the North, on the

other hand, causesboth curves to shift to the left, as depicted by the broken

lines in the figure. It is easy to show that the leftward shift of the MN

curve must be larger at the initial g, so the new steady state results at a

point such as Q’.10 Clearly the growth rate is larger at Q’ than at Q, so the

long-run rate of innovation now varies positively with the effective size of

the North. Since the XX curve shifts upward by more than the PIN curve at the

(see (27) and note that g > (l-a)h~-ap), as required for the narrow gap case.

~ Using equation (27) below, we find that the condition on the relative
wage corresponds to g < (l-a)h5-ap at point Q. But this implies that point Q
must lie below the 5$ curve of Figure 1. We conclude that the wide-gap case
applies whenever Q lies above the 5$ curve, and that the narrow-gap case
applies when Q lies below this curve. Hence, the steady-state equilibrium
with positive innovation and imitation, when it exists, must be unique.

10 The XX shifts to the left by p/(h~-g). Using (21), which applies at

the initial equilibrium, this distance equals (l-a)(g+p)p/ag(g+p+p). The
leftward shift of the NM curve is given by (l-a)(g+p)2/agp, which is larger.
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initial value of p, the rate of imitation must be smaller at Q’ than at

Thus, the long-run rate of imitation is inversely related to the effective

size of the North.

What are the effects of trade on the growth rate in each region? As

before, the fact that the North must grow faster with trade than in autarky is

immediate. The North’s autaricy rate of steady-state growth is once again

given by the intersection of the PIN curve and the vertical axis. Since the NH

curve slopes upward, trade accelerates growth in the North, and for the same

reasons as were discussed above.

If the South’s rate of steady-state growth under autarky, given by

— (l-a)L~/a05 - ap, falls short of that in the North (surely the most

plausible case), then trade clearly speeds growth for the South as well, since

both regions grow at the same rate in the steady state of a trading

equilibrium. But if the South grows faster under autarky than the North, then

trade might slow growth in the South. Combining the South’s labor-market

clearing condition, (17), and its no-arbitrage condition, (11), after

substituting for ir~ and p5 in the latter from (Sb) and (9b), we find

for the narrow-gap trading equilibrium that

(27) g — (l-w5/w5)h3 - (w5/w0)p

Since ws/wN > a, we could have g5 > g if the input requirements for product

development in the South were only slightly larger than those for imitation.

More plausibly, at <C a35, in which case g > g5.

11 From (21) and (26) we compute that the XX curve shifts up at the
initial value of p by [h~/g - (h~-g)/(h5-g))1, while the NW curve shifts up
by [hN/g + g/(l-a)p]1. Clearly, the shift in XX is larger.
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We can use equation (27) to explore the effects of variations in economic

structure on relative wages in a narrow-gap equilibrium. An expansion of the

effective labor force in the North, for example, raises g, so by (27) it

increases the relative wage of the North. And total differentiation of (27),

together with (21) and (26), allows us to establish that the relative wage of

the South is greater, the larger is the effective labor supply there. These

results are, of course, qualitatively the same as those for the wide-gap case.

IV. Trade and Industrial Policies

Nations often contemplate the use of various policies in order to speed

their growth, slow the rate of loss of markets to foreign competitor

countries, etc. We can use our model of the product cycle to study the

effects of these policies on long-run rates of growth and imitation, and on

relative wages in the steady state. In this section, we shall consider

subsidies to the learning activity and protective trade policies in each

region. We limit our analysis here to positive issues; a complete weLfare

analysis for a small country with an economic structure similar to the one

described here is carried out in Grossmanand Helpman (l989b).

Let A~, i—S,N, be the fraction of learning costs borne by entrepreneurs

in country i after subsidies have been applied, so that 1-A1 is the subsidy

rate. We assume that subsidies are financed by lump-sum taxes. Since

Ricardian neutrality applies in our model, we need not specify the inter-

temporal pattern of the tax collections, so long as the present value of the

government’s cash flow is zero.

The presence of subsidies to learning alters the no-arbitrage conditions

for each country, hence the curves that determine the steady-state
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equilibrium. Specifically, we need to multiply the right-hand side of (21) by

~ while (23) becomes

(l-a+aA3)g — (l-a)h5 - aA~p

The XX curve, (26), is not affected.

In a wide-gap equilibrium, a subsidy to innovation in the North shifts

the MN curve to the left, while leaving the SS curve unchanged. This policy

reduces the long-run rate of imitation and boosts the steady-state share of

varieties produced in the North, but has no effect on the long-run growth

rate. Using a modified version of (25a), it is easy to see that the Northern

government’s intervention raises the relative wage of its laborers in the

steady state.

A subsidy to imitation or to technology adaptation in the Sou~h shifts

the SS curve of the wide-gap case upward. The growth rate and the imitation

rate rise, as does the share of varieties produced in the South. Like an

improvement in productivity in imitation, this serves to raise the South’s

relative wage in the long run. The positive effect on the growth rate should

be well understood by now. Although the speeding of the product cycle

directly reduces the profitability of product development, this effect is more

than offset by the expansion of sales for Northern products that survive. So

the incentive to innovate is strengthened by faster imitation in the South.

The effects of these industrial policies in the narrow-gap case are

easily derived. A subsidy to imitation shifts neither the NN nor the XX

curve, and serves only to alter relative wages. As before, the relative wage
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of the South rises when its government subsidizes learning.12 An R&D subsidy

in the North causes the NN curve to shift up, and the equ1t~briumto move

along a fixed XX curve. The growth rate and the rate of imitation (hence the

average time to loss of competitiveness) both increase. The subsidy also

serves to increase the relative wage of the North in the long run.

We turn now to trade policy. For the wide-gap case, the analysis is

quite simple. An ad valorem tariff or export subsidy imposed by either

country does not affect the elasticity of demand perceived by producers of any

nationality. Therefore, it does not affect the prices charged by them. The

profit rates do not change with trade policy, nor do the no-arbitrage

conditions. Of course, the labor-market-clearing conditions, (17) and (18).

continue to apply. It follows that crade policies in either country do not

affect the NH or the SS of the wide-gap case, and therefore they do not alter

the steady-state rates of innovation or imitation.

The conclusion for the narrow-gap case turns out the same, though the

reasoning is more subtle. We must distinguish now between the prices charged

by Southern manufacturers in the two different markets. Let T1, i—S,t4, be one

plus the ad valorem tariff rate imposed by the government in country 1, and

let p54 be the price charged by a Southern firm for sales in country j)3 In

order to capture its home market, a Southern firm must undercut the delivered

price of its Northern rival, so p~— wNaXTS. Similarly, the Southern firm

must set a price in the Northern market so that the tariff-inclusive consumer

price falls below the unit cost of the Northern producer; i.e. , Ps,, — w5a~/T~.

12 The equation for the relative wage wwJ5/w~that replaces (27) when

subsidies to learning are present is: (l-w)h5 - A5pw — (l-w+wA~)g.

13 We focus here on tariffs, though the conclusion for export subsidies

is the same.
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The Northern monopolists continue to price as before, since the trade barriers

do not alter the demand elasticities perceived by them.

We substitute consumer prices (producer prices augmented by any

applicable tariffs) into (5), and use E~to represent aggregate spending by

residents of country i, to find the sales by each finn in each market. Then

we form the profit rate for a Northern firm and equate it to the steady-state

risk-adjusted interest rate, whence

(28) a (g÷~~~~_J(e~$~J — g + p + p

where e1 — E1/n. We also substitute for aggregate Northern and Southern

manufacturing output in (17) and (18), to derive

(29) a0g ÷~ —

(30) a1g+ (~t.i~)[eø$~)—L5

Equations (28)-(30) determine the steady-state values of g, is, and z

ejfe5/T5. These steady-state values are invariant to the level of T5 or T~.

We conclude that trade policies cannot be used by either region to alter the

steady-state rate of growth in a narrow-gap equilibrium. Nor can these

policies be used to speedup or slow down the average length of the initial

phase of the product cycle.

We should note that our finding that trade policy does not affect long-

run growth would not survive in a modified version of our model. In

particular, the introduction of a secondproduction sector in each country
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would suffice to open a channel by which trade policy could influence steady-

state growth. If, for example, we were to adopt an economic structure like

that in Grossman and Helpman (l989a), where all differentiated products are

intermediate goods and are combined with labor to produce a final output in

each country, then trade policy would affect growth in the steady state. In

such a three-activity economy, trade policy alters the allocation of resources

between the joint activity of developing and producing differentiated products

and that of producing final goods. However, the nature of this effect on

resource allocation is rather complex and so lies beyond the scope of the

present paper.

V. Conclusions

The product cycle describes an ever-evolving pattern of inter-regional

trade. Goods are developed in the North and initially produced there. Later

on in the life of an individual product the location of production migrates to

the South, and the North comes to import the very same items that formerly it

exported. In this paper, we have developed a model of this dynamic process in

which the average length of the cycle and the speedwith which new products

are introduced to the market are both determined endogenously. We have used

our model to study the determinants of the long-run rates of imitation and

innovation, and the long-run distribution of labor income.

As in previous studies of technology-driven growth (e.g., Romer (1988),

Grossmanand Helpman (1989a)), we found that the size of the resource base and

the productivity of resources in the learning activities are important

determinants of the steady-state growth rate. Steady-state growth is faster

the larger is the resource base of the South, and the more productive are its
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resources in learning the production processes for products originally

developed in the North. This is perhaps surprising, because faster imitation

by the South means on average a shorter period over which a Northern

entrepreneur can earn monopoly profits. But profits during the monopoly phase

are higher when a smaller number of Northern producers compete for resources

in the manufacturing sector. We found the latter effect to dominate, so

faster imitation by the South ultimately strengthens the incentive to innovate

in the North.

Steady-state growth also is faster when the North is larger or its

resources are more productive in product development, provided that the gap

between wages in the North and South is not too large (what we have called the

“narrow-gap case”). An increase in the size of the effective labor force in

the North always slows the rate of imitation (hence the average length of the

first stage of the product cycle) and reduces the steady-state share of

varieties produced in the South. An increase in the effective labor force in

the South has just the opposite effect on the imitation rate and on product

shares in the long run.

Perhapssurprisingly, we find that the relative wage in the North rises

•when the effective size of the North expands in relation to the effective size

of the South. This result, which is the opposite of that derived by Krugman

(1979) in his product-cycle model with exogenous rates of innovation and

imitation, stems ultimately from the increasing-returns nature of the

technologies for production of goods and knowledge.

In comparing the product-cycle equilibrium to one with autarky in each

region, we find that international trade always leads to faster growth in the

North in the long run. The migration of some production to the South frees
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resources for use in the product development sector in the North. In the

steady-state equilibrium with trade, the North fIrms have greater incentive to

undertake R&D than in autarky, because each earns a higher profit rate, albeit

for a shorter period of time. The South too grows faster with trade than

without, except in the unlikely event that its autarky growth rate is faster

than that of the North, and the resources required there for developing new

products from scratch only slightly exceed the requirements for copying a

product previously developed in the North.

We studied the long-run effects of two sorts of policy instruments.

Subsidization of the learning activities (innovation in the North or imitation

in the South) tends to boost the long-run rate of growth. The only exception

to this occurs for subsidies to imitation when the North-South wage gap is

small, in which case the growth effect is nil. Industrial policy of this sort

always increases the relative wage of workers in the policy-active country.

Trade policies in either the North or the South have no effect on the

long-run rates of growth and imitation in our model. These policies serve

only to alter relative wages and the steady-state levels of real spending in

the two regions. This finding, which is perhaps reminiscent of similar

results that apply in neoclassical models of growth, relies strongly on the

two-sector structure of our regional economies. If, instead, we were to allow

a second manufacturing activity in each country in a manner that preserved the

existence of a steady state, then trade policy would indeed play a role in

determining the long-run growth rate.
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APPENDIX

We prove in this appendix that, at any intersection of the NM curve

defined by equation (21) and the XX curve defined by equation (26), the MN

curve must be the steeper of the two. This proof is central to our

demonstration that if there exists a steady-state equilibrium with positive

innovation and imitation, it must be unique.

From (21), we solve for ~z in terms of g along the NN curve, and write

(Al) p~(g) (l-a)h.~-g

where g~• (1-a)h~-ap. Similarly, from (26) we obtain

(A2) j~(g) ~‘ ~ &

which defines p in terms of g along the XX curve. From these we compute the

slopes

(l-a)h~-g~
(A3) - + ~ (g-Q((l-a)h5-g]

‘A4’ + (1i9-h5)
— g ~ (h5-g)(b~-g)

p p p
- - +

In these computations, (Al) has been used to substitute for p in (A3) and (A2)

has been used to substitute for p in (A4). Now we define aM — (p8’-p~/)/p, at

a point of intersection where p~(g)—p%(g)—p. Then
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I (2 ___
AM — +

where

U — [(l-a)h~-g.~](h5-g) -

Labor-market clearing in the North (18) implies h5 > g. which in turn implies

(2 > (G-c)h,1-g,11 (h.~-g) - [(l-o)h.~-g] (h~-g~)

— ah,4(g-g~) > 0.

Since the MN curve asymptotes to (l-a)h~, we must have g < (l-a)h8 at any

point of intersection of the XX and MN curves. Hence, &, > 0, as claimed.
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