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A B ST R A CT

Inthispaperwedocumentthatthedisparityinemploymentdensitiesacross

U S metropolitanareashaslessenedsubstantiallyoverthepostwarperiod. Toac-

countforthisdeconcentrationofmetropolitanemployment, wedevelopasystem-

of-citiesmodelinwhichanincreaseinaggregatemetropolitanemploymentcauses

congestioncoststoincreasefasterforthemoredensemetroareas. A calibrated

versionofthemodelreveals thatthe(roughly) two-and-a-half-fold increase in

postwaraggregatemetropolitanemploymentimplies, byitself, moredeconcen-

trationthanactuallyobserved. Thus, risingaggregatemetropolitanemployment

appears tobeapowerfulforcefavoringdeconcentration, althoughsomebene-

…tofgreateremploymentdensityappearstohavepartiallyo¤setthee¤ectsof

risingcongestioncostsforthemoredensemetroareas.
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I. Introduction

T heissueofconvergenceinincomelevelsbetweenregionsofacountry, orbetweencountries,

has receivedagreatdealofattention inrecentyears. T hefocusofthis researchhas been

ondeterminingwhether“thereareautomaticforces thatleadtoconvergenceovertimein

thelevelsofpercapitaincomeandproduct” (BarroandSala-i-M artin(19 9 2, p. 223). For

theU nitedStates, theevidencesuggeststhatthereisatendencyforpercapitaincomesto

convergeatthestateandregionallevels. Inthispaperweprovideanalternativeperspective

on thephenomenon ofconvergence. W e examine the evolution ofemploymentdensities

across U S metropolitan areas overthe post-W orld W arII period. T hus, in contrastto

existingstudies on convergence, ourfocus is on thedensity ofeconomicactivity (rather

thanpercapita incomeorproduct) andhowthesedensities haveevolvedovertimeacross

metropolitanareas ratherthanstatesorregions.

W eaccomplishtwotasks inthis paper. First, wedocumentthattherehas beenapro-

nouncedtrendtowardless disparityinemploymentdensitiesacross U S metropolitanareas

overthepost-W orld W arII period, atrendwelabeldeconcentration ofmetropolitan em-

ployment. Second, wearguethatan importantreason forthis trend is thatthe initially

moredensemetropolitanareascouldn’tabsorbthepostwarincreaseinaggregatemetropol-

itan employmentas cheaplyas the initiallyless densemetroareas. B ecausedensemetro

areas are nearertousingthe fullcapacityoflocalresources, addingjobs and people in

theseareas leads torelativelyfasterincreases intra¢ccongestion, pollution, andthecost

ofliving. U singacalibratedversionofasystem-of-citiesmodelweshowthatrisingoverall

metropolitanemploymentcoupledwithfasterincreases incongestioncostsfordensemetro
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areasconstitutedapowerfulforcefavoringemploymentdeconcentration.

O ur…ndingofemploymentdeconcentrationcomplements recentstudies onpopulation

growthinurbanareas. G laeser, ScheinkmanandShleifer(19 9 5) examinepopulationgrowth

inacross-sectionofU S citiesbetween19 60 and19 9 0. Forthemostpart, G laeseretal. focus

oncitiesratherthanM SA s, buttheirresultsforM SA s indicatethatM SA s intheN ortheast

grewmoreslowlythanM SA s elsewhere. G laeseretal.’s …ndingis broadlyconsistentwith

ours, sincetheN ortheastcontainsarelativelylargeshareofthenation’sdensemetropolitan

areas.

M orerecently, B lackandH enderson(19 9 8) haveexaminedtheevolutionofurbanpop-

ulationandthenumberofmetropolitanareas intheU nitedStatesbetween19 00 and19 9 0.

T heycharacterizetheir…ndingas oneof“parallelgrowth” inthenumberofmetropolitan

areas ofdi¤erenttypes, wherethetypeofan M SA is determinedby its relativepopula-

tionsize(relativetoaverageM SA population). A lso, EatonandEckstein(19 9 7 ) examined

populationgrowth inurbanareas inFranceandJapanandfoundthatcities grewatthe

samerateregardless ofpopulationsize. Incontrasttothesestudies, wedistinguish M SA s

bytheiremploymentdensities (nottheirabsoluteorrelativepopulationsize) and…ndthat

theinitiallymoredenseM SA sgrewlessrapidlythantheinitiallylessdenseM SA s.

O nthetheoreticallevel, therehasalsobeenarevivalofinterestintheurbanunderpin-

nings ofeconomicgrowth(L ucas (19 88)). B lackandH enderson(forthcoming) andEaton

andEckstein(19 9 7 ) haveextendedsomeversionsofendogenousgrowthmodelstoinclude

anurbandimension. T heseauthorshavetendedtofocusonsteady-stategrowth inorder

tomakeexplicittheconnectionbetweencitiesandtherateofhumancapitalaccumulation.
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Incontrast, thepurposeofthetheorydevelopedinthis paperistoassessthequantitative

importanceofaggregatemetropolitan employmentgrowthandrisingcongestioncosts for

postwardeconcentrationofmetropolitanemployment.

O urfocus on aggregatemetropolitan employmentgrowth as acause foremployment

deconcentrationis inthespiritofthemacroeconomicliteratureonincomeconvergence. A s

notedintheopeningline, quotedabove, oftheBarroandSala-i-M artin(19 9 2) article, the

issueofmacroeconomicinterestiswhetherthereareautomaticforces thatleadtoconver-

gence. Totheextentemploymentgrowthisinherenttoaneconomicsystem, wetooidentify

anautomaticforcefavoringamoreuniformlydensespatialdistributionofemployment.

II. The D econcentrationof M etropolitanEmployment

D ata

W euseCountyBusinessPatterns (CB P)datafortheyears19 51, 19 59 , 19 69 , 19 7 9 , 19 89 ,

and19 9 4. T hedataconsistoffull- andpart-timeemployeescoveredbytheFederalInsurance

ContributionsA ct(FICA ).1 G enerally, employeesofestablishmentsexemptfromFICA , such

asmostgovernmentemployees, self-employedpersons, andrailroademployees, areexcluded
1CountyBusinessPatternsdatare‡ectemployeesonthepayrollsofcovered…rmsduringthe…rstquarter

ofthe year. W ith the exception of19 51 and 19 9 4, the …rstquarterforallotheryears in oursample

occurredaboutoneyearbeforebusiness-cyclepeaks. T he…rstquarterof19 51 occurredtwoyearsbeforea

business-cyclepeak. A tthiswriting, theexpansionaryphaseofthebusinesscyclethatbeganinthesecond

quarterof19 9 1 has notyetreached its peak. N onetheless, …veofthesixperiods between 19 51 and 19 9 4

occurredataboutroughlythesamephaseofbusiness-cycleexpansions, andallsixperiodsoccurredduring

anexpansionaryphaseofthecycle.
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from CountyBusiness Patterns. O urdatasetconsists of2,618 ofthe3,137 counties and

countyequivalents (boroughs, independentcities, parishes, etc.) thatmakeup theU nited

States.2 D ataonvariables otherthanemployment(populationandlandareaofcounties)

weretakenfrom TheCityandCountyD ataBook.

A lthoughcounties representa…nerlevelofgeographicaldetail, wechosemetropolitan

statisticalareas (M SA s) as thegeographicalunitforouranalysis. A n M SA typicallycon-

sistsofacentralcityofatleast50,000 people, aswellasanycontiguouscountiesthatare

metropolitanincharacter, asdeterminedbythepercentageofitsnonagriculturallaborforce

andbytheamountofcommutingbetweenthecountiesandthecentralcity.

Foreachofthesixyears, weconstructedacommonsetofM SA sbycombiningcounties

accordingtothe 19 83 classi…cation ofmetropolitan counties. T his proceduregave us a

sampleconsistingofemploymentandotherdatafor29 7 M SA s. A lthough someofthese

M SA swouldnothavequali…edas M SA s inearlieryears (accordingtotheM SA de…nition

implicitinthe19 83classi…cationofmetroareas), wechosethe19 83classi…cationofcounties

asmetroornonmetroasopposedtoaclassi…cationfromsomeotheryearbecauseourintent

is touseemploymentdensityas an indicatorofcongestion levels. T his requires thatwe

measuremetropolitan landareaas theareaoftheregion aroundacentralcity inwhich
2W e have less than complete coverageofcounties foravariety ofreasons. Some counties thatwere

separatelyidenti…ed inlateryears inoursamplewerecombinedwithothercounties in 19 51. R atherthan

excludethesecounties from ourdataset, thecounties thatwerecombined in 19 51 werecombinedforall

periodsinourdataset. Inaddition, theindependentcitiesinV irginiaandtheindependentcitiesofSt. L ouis,

M O , andW ashington, D C, whicharetreatedbytheCensusBureauasseparatecounties, weredroppedfrom

ouranalysis.
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peoplemayliveand…nditpracticaltocommuteintothecity. Congestionlevelswouldrise

as this regiongains employmentandpopulation. U nfortunately, thereis nodirectwayto

measuretheareaofsucharegionforeach M SA .3 T hebestwecandois determinewhich

countieswereclassi…edasmetropolitantowardtheendofoursampleperiodandthenassume

thatitwaspracticaltoliveinthosecountiesandcommutetothecentralcityinearlieryears

aswell. Forthisreason, wechosethe19 83classi…cationofmetropolitancounties.

A s noted previously, theemploymentcoverageofCB P is notcomplete. Togetsome

indicationofcoverageofmetropolitanemploymentinourdataset, wecomparedthetotal

numberofworkersinourM SA stototalnonfarmpayrollemploymentineachofthesixyears.

B ythis measure, ourM SA s containanywherebetween63 to68 percentoftotalnonfarm

workers. Sincethenumberofnonfarmworkersemployedinnonmetroareasislikelytoexceed

thenumberoffarmworkersemployedinmetroareas, thismeasuregivesalowerboundon

thetruecoverage.

Facts

W euseoursampletodocumentthedisparityinemploymentdensitiesacrossU S metropol-

itanareas. W edothisbyconstructingL orenzcurvesforM SA employmentforeachofthe

yearsforwhichwehavedata. IntheseL orenzcurves, wetreateachsquaremileofmetropol-

itanlandaswewouldtreateachhouseholdinanincomedistribution. Justas inanincome

distributioneachhousehold is associatedwith its income, inouranalysis eachsquaremile
3R eportedmeasuresofM SA landareaare“activity-based.” A countyclosetoacentralcitywillnotbe

classi…edas metropolitanuntilitbecomes su¢cientlyurban incharacter. Incontrast, ameasureofM SA

landareabasedondistancefrom centralcitywouldalways includesuchacounty. T his latterconceptof

M SA landareaistherelevantoneforassessingcongestionlevels.
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ofmetropolitanlandisassociatedwithitslevelofemployment. T hus, theL orenzcurvefor

M SA employmentplots thecumulativeshareofM SA employmentagainstthecumulative

shareofM SA landarea, whereM SA landareas (squaremiles) havebeenrankedaccording

todecreasingemploymentdensity(weassumethatemploymentineachM SA isspreaduni-

formlyoverthelandareaofthatM SA ). IfeachM SA wereequallydense, theL orenzcurve

wouldbethediagonalline. B utifemploymentdensityvariesacrossM SA s, theL orenzcurve

willbebowedabovethediagonalline.

Figure1 plots theL orenz curves foreachoftheyearswhileTable1 reports thevalues

oftheL orenzcurvesatselectedpoints. Twofactsstandout. First, itis evidentthatthere

are huge disparities in employmentdensityacross U S metropolitan areas. Forinstance,

in 19 9 4, the10 percentofmostdensemetropolitanlandareaaccountedfor41 percentof

totalmetropolitanemployment.4 Second, itisalsoevidentthatthedisparityinemployment

densitieswasgreaterinearlieryears. Forinstance, the10 percentmostdensemetropolitan

landareaaccountedfor57 percentoftotalmetropolitanemploymentin19 51. A s Figure1

shows, theL orenz curves havebeenshiftingovertimetowardtheequaldensityline. T he

extentofdisparity, asmeasuredbytheG ini inequalityindex, fellmoreorlesssteadilyfrom

0.66in19 51 to0.53in19 9 4.5

Probablymanyfactorscontributedtothisdeconcentrationtrend. O uraim istoevaluate
4Fortotalmetropolitanemploymentinagivenyear, weusedtotalemployment(asreportedintheCB P

forthatyear) foroursampleofconstructedM SA s.
5Ifthe spatialdistribution ofmetropolitanworkers notcovered byCB P is similartothatofcovered

metropolitanworkers, thesesharesshouldbeareasonableestimateofthespatialdistributionofallmetropol-

itanworkers.
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the role thatincreasingmetropolitan employmentand risingcongestion costs may have

played. A ggregatemetropolitanemploymentrose2.4times between19 51 and19 9 4. If(as

webelieve) rapidlyrisingcongestion held backemploymentgrowth in the initiallydense

metropolitan areas, the shareofemploymentaccounted forby the initially densemetro

areasshouldfallandthoseaccountedforbytheinitiallylessdensemetroareasshouldrise.

Table2 showstheemploymentshareofM SA sgroupedbydecilesandrankedbytheir19 51

employmentdensity(i.e., theirinitialdensity).6 Itis clearfrom Table2 thatemployment

shares haveindeedshifted infavoroftheinitiallyless densemetroareas. T he30 densest

M SA saccountedfor54percentoftotalmetropolitanemploymentin19 51 butonly33percent

in19 9 4whilethecollectiveemploymentshareofthethirdthroughthetenthdecilesrosefrom

37 percentto57 percent. T hereisalsoacleartendencyforemploymentsharestorisefaster

forlowerdensityM SA s.7 .

O fcourse, themerefactthatdenseM SA slostemploymentsharetolessdenseM SA sdoes

notprovethatincreasingemploymentandrisingcongestioncosts were importantfactors

in thatdevelopment. O therfactors havecontributed tothe inverserelationship between

initialdensityandsubsequentemploymentgrowthaswell. Forinstance, theadventofair-

conditioningmayhave led tofastergrowthofthe initiallyless dense “sunbeltcities” by

makingthem morepleasantplaces toliveandwork(O i, 19 9 7 );miniaturization and the

developmentoflightweightmaterials mayhavereduced …rms’ incentives tolocate in the

densestmetropolitan areas in ordertolowertransportation costs (G arnickand R enshaw

(19 80));theadventofthe interstatehighwaynetworkmayhaveacceleratedemployment
6T he…rstninegroupshave30 M SA seachandthe…nalgrouphas 27 .
7 A similartendencyisdiscernibleinungroupeddataaswell.
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growth in previously remoteand poorly connected low-density M SA s (L even (19 7 8) and

Coleman(19 7 8));achangeinpeople’spreferences infavoroflessurbanizedlivingmayhave

madelow-densityM SA smoreattractive(Beale(19 7 7 , 19 82)). T hus, toarguethatincreasing

employmentand risingcongestion costs was an importantfactorin the deconcentration

ofmetropolitan employment, itis necessarytodemonstratethatthepostwarincrease in

metropolitanemploymentis capableofgeneratingdeclines intheG ini indexofinequality

ofthemagnitudeshowninFigure1. T heobjectiveofthequantitativegeneralequilibrium

modeldevelopedinthispaperistoprovidethatdemonstration.

B eforeproceedingfurtherweneedtoaddress apotentialconcernregardingour…nding

thatemploymentshareoftheless densemetroareas roseoverthepostwarperiod. T he

concern is thatwesterncounties tendtocontainmorelandareathancounties elsewhere,

whichimpliesthatemploymentdensitiesofwesternM SA stendtobelowerthanemployment

densitiesofM SA selsewhere. B ecausepopulationandemploymentinthepostwarperiodhave

grownrapidlyintheW est, theregionalbiasinthemeasurementofemploymentdensitymay

partlyaccountfortherapidgrowthof(apparently) low-densityM SA s.8

W hilethereissometruthtothis, itmustberememberedthatmanywesternM SA swere

developedtomorefullytakeadvantageofmoderntransportationtechnologiesandmay, in

truth, bebiggerin landareathan M SA s elsewhere. Still, toensurethatthepattern in

Table 2 is notdriven byexceptionallylarge M SA s, weexcluded M SA s whoselandareas

wentbeyondtwostandarddeviationsofthemeanM SA landarea. EightM SA sfellintothis

group, sixintheW est.9 T hisgaveusasampleof289 M SA s.
8 W ethankJoeG yourkoforbringingthistoourattention.
9 T heeightexcludedM SA swereBakers…eld, CA ;D uluth-Superior, M N /W I;FortW orth-A rlington, T X ;
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Table 3 shows the employmentshares by deciles forthe sample of289 M SA s. T he

…ndingsreportedinTable3are, forthemostpart, veryclosetothosereportedinTable2.

T heemploymentshareofthe…rstdeciledeclinedfrom 54percentto35 percent, whilethe

collectiveemploymentshareofthethirdthroughthetenthdecilesrosefrom 36percentto

55 percent. H owever, becausewehaveeliminatedsomeverylow-density M SA s thatgrew

rapidly, thegain in employmentshare in the lowerdeciles is somewhatmuted. Inwhat

follows, weusethese289 M SA sasourbasicdataset.

III. The M odel

W eneedamodeltoassesstheextenttowhichincreaseinaggregatemetropolitanemployment

wasresponsibleforpostwaremploymentdeconcentration. W eadaptedthesystem-of-cities

modeldescribedinH enderson(19 8 7 ) forthispurpose. T herearetwoconceptualdi¤erences

betweenH enderson’smodelandours: (i)wetakethenumberoflocationsintheeconomyas

exogenouslygivenand…xedinlandareaand(ii)weallowalocation’semploymentdensity

toa¤ectcongestioncosts.10

T hereareM locationsindexedbyi= 1;2 ;3;:::;M andalargenumberofindividualswho

liveandworkintheselocations. T hetechnologicalopportunitiesavailabletothesepeople,

theirpreferencesandendowments, andmarketequilibriumconditionsaredescribedbelow.

Technology

L as Vegas, N V ;Phoenix-M esa, A Z ;R eno, N V ;R iverside-SanBernardino, CA ;andTucson, A Z .
10Inallotherrespects, ourmodelisconsiderablysimplerthanH enderson’s. T hesimplicityisforcedonus

becauseweuseestimates ofagglomerationandcongestionparameters available inmicrostudies torender

themodelnumerical. T his “calibration” step imposeslimitationsonthesophisticationofthemodel.
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T hereisoneinternationallytradedgoodandM localgoods. T he…rm-levelproduction

functionforproducingtheinternationallytradedgoodinlocationiis:

Y = ¸Á ī (N i)n®k1¡® , 0 < ® < 1 (1)

wheren andkarethelaborandcapitalusedbyany…rm inlocationi; ¸ is aneconomy-

widetechnologyindex, and Ái is an indexthatcaptures theimpactoflocationoncityi’s

productioncapabilities. Forinstance, theproductionadvantagesconferredbybeingaport

wouldbecapturedbyahighÁi; aswouldproximitytooutputandinputmarkets. Finally,

¯(N i) isafunctionoflocalemployment, denotedN i, thattakes intoaccounttheproduction

advantagesofagglomeration:

¯(N i) = maxfN º
min;N

º
ig; N min¸0 ;º > 0 (2)

T hisspeci…cationoftheagglomerationfunctionhastwoimportantfeatures. First, itrestricts

agglomerationeconomiestobeaconstantbelowsome“threshold” levelofemployment, N min.

Second, itasserts thatin therangewhereagglomeration bene…ts are increasing in local

employment, theelasticityofagglomerationbene…tswithrespecttochangeinemployment

isaconstant.

Eachlocationalsoproducesalocalgoodthatcanbeconsumedonlybylocalresidents.

T helocalgoodinlocationiisproducedusingatechnologythatislinearinthetradedgood:

G i= (»i¡i)¡1Y (3)

H ere»iisanindexspeci…ctolocationiandismeanttocapturethee¤ectoflocationonthe

productionofthelocalgood. Forinstance, housingbeinganimportantlocalgood; »icould
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re‡ectthecosts ofproducinghousingin locationi:T heotherfactor¡i is afunctionthat

modelsthecosts imposedbyemploymentdensityontheproductionofthelocalgood:

¡i= e°(N i=Ai); °> 0 (4)

whereAi is land areaoflocation i:T hus, accordingto(3) and (4), higheremployment

densitymakes theproduction ofthe localgood less e¢cient. A n importantpropertyof

the ¡i function is thatits elasticitywith respecttoemploymentdensity is increasing in

employmentdensity:

d (ln¡i)
d ln(N i=Ai)

= °(N i=Ai) (5)

EndowmentsandPreferences

T herearetwotypesofindividuals: thosewhoowncapitalandthosewhodonot. Both

types have one unitoflaborthatthey inelastically supply to…rms in theirlocation of

residence. W eassume(fortractability)thatownersofcapitalareimmobileandtheirlocation

exogenouslygiven. T hereisameasureN F
i ¸0 ofownersinlocationi:T hetotalmeasureof

allindividuals isgivenbyN :

Individualswhodonotowncapitallocatetomaximizeutility. T heutilitythatamobile

individualgetsfrom livinginlocationiisgivenby:

Ui= ¼(N i)giµc
1¡µ; 0 < µ < 1; (6)

wheregiandcaretheindividual’sconsumptionofthelocalandtradedgood, respectively.

T hefunction ¼(N i) is anamenity indexthattakes accountofagglomeration bene…ts for

consumers:
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¼(N i) = maxfN miń ;N í g; N min> 0 ;´ > 0 (7 )

T his speci…cationparallelsthespeci…cationofagglomerationbene…ts intheproduction

ofthetradedgoodandhas similarproperties. Forsimplicity, weassumethattheemploy-

mentlevelbeyondwhichagglomerationbene…tsforconsumersbegintoincreasewithlocal

employmentisthesamelevelasthatforproducers.

EquilibriumConditions

L etthetradedgoodbethenumeraire. L etthepriceofthelocalgoodinlocationibepi;

thewageratewi;andlettheworldrentalrateoncapitalber:W ewillfocusonequilibriain

whichthereisapositivemeasureofmobileindividualsresidingineachlocation. Formally,

werequire:

N i> N F
i (8)

U tilitymaximizationimpliesthatamobileindividualinlocationichoosesgi= µ(wi=pi)

andc= (1¡µ)wi:T hus, theindirectutilityofamobileindividualresidinginlocationiis:

Vi= ¼(N i)µµ(1¡µ)(1¡µ)p¡µi wi

G iven (8), in equilibrium workers migrateuntilutilityacross locations is equalized. T his

implies:

¼(N i)µµ(1¡µ)(1¡µ)p¡µi wi= V (9 )

W eassumethatalllocalgoodsaresuppliedcompetitively. T heproducersofthesegoods

taketheemploymentdensityineachlocationasgiven. T herefore, thepriceofthelocalgood
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inlocationiwillequalitsmarginalcost:

pi= »ie°(N i=Ai) (10)

Turningtothetraded good, a …rm thatlocates in location itakes the leveloflocal

employmentandtheproductwageinthatlocationas given. Italsotakes r as given. In

equilibrium, theproductwageineachlocationmustbesuchthatthepro…tfromproducing

thetradedgoodiszeroinalllocations. T hesezero-pro…tconditionsare:

wi= [® ® (1¡®)(1¡® )̧ Á ī (N i)]
1
® r

¡(1¡®)
® (11)

Finally, thesum oflaborsupplyacross alllocationsmustequaltheexogenouslygiven

totalsupplyoflaborintheeconomy:

MX

i= 1
N i= N (12)

D enoteµµ(1¡µ)(1¡µ) ® ®(1¡®)(1¡®)¸1=® byH (® ;µ;¸)andtheproductoflocation-speci…c

factors, »¡µi ¢Á1=®i ;bySi:T hen, substitutingequations(10)and(11) intoequation(9 )yields:

H (® ;µ;¸)¢Si¢̄(N i)
1
® ¢¼(N i)¢e¡°µ(

N i
Ai
)¢r¡(1¡®)® = V (13)

Inwhatfollows, the M equations in (13) and equation (12) areusedtosolveforthe

M + 1 unknowns, N i; i= 1;2 ;3;:::;M ;andV . T hisprocedureassumesthattheunobserved

distribution ofimmobile individuals can always be speci…ed tosatisfy the inequalities in

equation (8) forthe levels ofN i calculated usingthe M equations in (13) and equation

(12). Itis possibletoproceedthiswaybecauseweassumethatthesecities canimportor

exportthetradedgoodandthecapitalstockfrom eachotherortherestoftheworld. If
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theopen-economyassumption is dropped, itwouldbenecessarytoimposeeconomywide

resourcebalanceconditionsforthetradedgoodandthecapitalstock. T hedistributionof

immobileworkerswillthenmatterforthedeterminationofequilibrium.11

IV . Propertiesofthe M odel

T hematerialinthis sectionprovidesthebackgroundforthenumericalsectiontofollow.

EquilibriumEmploymentD ensityforaSingleL ocation

L etº=® bedenotedby ¹; µ°by ±; and (N min=Ai) byDi:T hen, using(2) and(7 ), the

l.h.s. ofequation(13)maybewrittenasafunctionofdensityD:

Vi(D) = H (® ;µ;¸)¢Si¢A¹+ ´
i ¢maxfD¹+ ´;D¹+ ´

i g¢e¡±D ¢r¡(1¡®)®

Itisconvenienttoworkwiththelogarithmictransform ofVi(D):L etln(D) bedenoted

by d ;ln(Di) by d i;andln(H (® ;µ;¸)¢Si¢A¹+ ´
i ¢r¡(1¡®)® ) bysi. T hen:

ln(Vi(e d ))´vi(d ) = si+ (¹ + ´)¢maxfd ;d ig¡±¢e d (14)

T hefunctionvi(d ) iscontinuousovertheentirerange(¡1 ;+ 1 )anddi¤erentiableevery-

whereexcept ¹d i:Inthe (¡1 ;d i) range, whereagglomerationeconomies are insensitiveto

changes inlocalemployment, thefunctionis strictlydecreasingandstrictlyconcave:

@vi=@d = @ 2 vi=@d 2 = ¡±¢e d < 0 (15)
11Ifeach immobile worker in city i owns kFi units ofcapitaland his utility function has the same

form as thatofmobile individuals, the totaldemand forthe traded good in city i would be Y D
i =

[(1 ¡ µ)+ µ»ie° (N i=A i)][wiN i + r(N i ¡ N F
i )kFi ]. T he supply of the traded good in city i is Yi =

[(1 ¡®)=r](1¡®)=® [¸Ái¯(N i)]1 =®N i:Foraclosedeconomy, §iY D
i mustequal§iYi;whichmeansthatknowl-

edgeofN F
i andkFi wouldbeneededtodeterminetheequilibrium employmentlevels.
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Inthe(d i;+ 1 )range, whereagglomerationeconomies increasewithlocalemployment, the

behaviorofvire‡ectstheinteractionofcongestioncostsandagglomerationeconomies. T he

…rstandsecondderivativeswithrespecttod overthisrangeare:

@vi=@d = (¹ + ´)¡±¢e d (16)

@ 2 vi=@d 2 = ¡±¢e d < 0 (17 )

T hus, vi(d )continuestobestrictlyconcavebutwithregardtothesignofthe…rstderivative

twopossibilities exist: (i) Di¸(¹ + ´)=± or, equivalently, ¹d i¸ln[(¹ + ´)=±]; inthis case

(16) implies thatthe vi(d ) function is strictlydecreasingovertherange (d i;+ 1 ). (ii) ¹d i

< ln[(¹ + ´)=±]; in this case (16) implies thatvi(d ) initially increases, reachinga local

maximumatd = ln((¹ + ´)=±);andthendeclines.

Figures 2(a) and2(b) illustratethesetwocases. T hesecases arisebecauseagglomera-

tioneconomiesarerelatedtoemploymentwhilecongestioncostsarerelatedtoemployment

density. T hus, itis possibleforacompactlocationtobecomequitedensebeforeitattains

theemploymentlevelbeyondwhich agglomeration economies increasewith size. In this

case, whichisthe…rstcasenotedabove, agglomerationeconomiescanslowdownthedecline

inutilitythatoccurswith increasingdensitybuttheycannotreverse it(Figure2(a)). In

contrast, alocationthatis large in landareamightattain N minbefore itgets toodense.

Inthiscase, whichisthesecondcasenotedabove, increasingagglomerationeconomieswill

overcometheutility-depressinge¤ectofincreasingdensityforsomerangeofemployment

density(Figure2(b)).

T heshapeofthevi(d ) functionbearsdirectlyonthepossibilityofmultipleequilibrium

employmentdensitiesforasinglelocation. T hedensitiescorrespondingtothepointswhere
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thevi(d )functionintersectsthehorizontal“utility-at-other-locations” lineareallequilibrium

densitylevels. InFigure2(a), wherethevi(d ) functionismonotonicallydeclining, thereis

onlyoneequilibrium densitylevel. Incontrast, therearethreeequilibriumdensitylevels in

Figure2(b). A susual, themiddleequilibrium, d Mi ; isunstable: asmallincreaseordecrease

indensity, byraisingorloweringtheutilitylevelaboveorbelowwhatmobileworkers can

getinotherlocations, willinducefurtherincreasesordecreases indensity. T heothertwo

equilibria, d Li and d Hi ;arestable.

EquilibriumEmploymentD ensitiesfortheSystem-of-Cities

T hepurposeofthissectionistodescribehowequilibriumemploymentdensitiesrespond

toan increase intotalemployment. W efocus attentiononlyon stableequilibria.12 T his

restrictionisformalizedinthefollowingde…nitionofasystem-of-citiesequilibrium.

D e…nition: T hecollectionfd ¤i;v¤;si; ¹d i;N g isasystem-of-citiesequilibrium if

itsatis…esthefollowingconditions:

v¤= si+ (¹ + ´)¢maxfd ¤i;d ig¡±¢e d ¤i 8i= 1;2 ;:::;M (18)
MX

i= 1
Ai¢e d

¤
i = N (19 )

d ¤i2 (¡1 ; ¹d i)[ (ln[(¹ + ´)=±];+ 1 )8i= 1;2 ;:::;M (20)

Conditions(18)and(19 )aretheequalutilityandaggregatelaborresourcebalancecondi-

tions, respectively. T hesecorrespondtoequations(13)and(12)oftheprevioussection. T he

stabilityrequirementisincorporatedincondition(20). Forthecasewhere ¹d i< ln[(¹ + ´)=±];
12T his is justi…ableonthegroundthatunstableequilibria(i.e., equilibriainwhichsomelocationis inan

unstableequilibrium) are“razor’sedge” cases.
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this conditionprohibits d ¤i from lyingintheclosed interval[ ¹d i;ln[(¹ + ´)=±]];as shownin

Figure 2(b), this intervalcorresponds tothedomain ofd forwhich the vi(d ) function is

upwardsloping. Forthecasewhere ¹d i¸ln[(¹ + ´)=±]; (20) doesnotimposeanyrestriction

atall, since d ¤i canthenlieanywhereontherealline. N orestriction is neededbecausein

thiscasethevi(d ) functionisdecreasingin d overtheentirerealline.13

T hepossibilityofmultiplestableequilibriacomplicatescomparativestatics. T hesecom-

plicationsareaddressedinthenumericalsection. Forclarity, thecomparativestaticsresult

ispresentedonlyforthecasewherethevi(d )functionisdownwardslopingforeverylocation.

Proposition (Comparative Statics): L etfd 1i;v1;si; ¹d i;N 1g be the initial

system-of-citiesequilibriumandsupposethatfd 2i;v2 ;si; ¹d i;N 2 gisthenewsystem-

of-cities equilibrium forN 2 > N 1:L et½i= (N 2
i=N 1

i) denotethe(gross) growth

rateofemploymentinlocationi:Ifd 1i > ¹d i> ln[(¹ + ´)=±]foralli, then½i> 1

foralliand d 1i > d 1j implies ½i< ½j(seeA ppendixforproof).

T his inverserelationship betweenemploymentdensityandemploymentgrowthcanbe

intuitivelyexplainedas follows. Ifineachlocationagglomerationbene…ts aresensitiveto

localemployment(i.e., d 1i > ¹d iforalli), thena1 percentincreaseinemploymentineach

locationwouldraiseagglomerationbene…tsby(¹ + ´)percentineachlocation. O ntheother

hand, sincea1 percentincreaseinalocation’semploymentimpliesa1 percentincreasein
13T hepresenceofthestabilityrestrictionimpliesthatemploymentdensityofalocationmaychangediscon-

tinuouslyinresponsetoachangeinanenvironmentalfactor, suchasaggregateemployment. Consequently,

suchasystem-of-cities equilibrium mayfailtoexistforsome parametervalues. H owever, becauseofthe

largenumberofdiverselocations involved, this di¢culty is notencountered inanyofthecomputational

experimentsconductedinSection6.
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itsdensity(becausetheareaofeachlocation is beingheld…xed), thecostoflivingwould

riseby(approximately) ±¢D1
i ineachlocation. T hus, thecostoflivingwillriserelatively

moreindenseareas. Ifutilityofamobileworkerisadecreasingfunctionofdensityineach

location(i.e., ¹d i> ln[(¹ + ´)=±]foralli), thena1 percentincreaseintotalemploymentmust,

inequilibrium, resultinalessthan1 percentincreaseinemploymentindenselocationsand

amorethan1 percentincreaseinemploymentinlessdenseones.

V . ParameterSelectionandCalibration

T henumericalspeci…cationofthemodeldescribedby(18) - (20) involveschoosingvaluesfor

threegroupsofparameters: (i) theagglomeration-relatedparameters, ¹; ´; and ¹d i, (ii) the

congestion-relatedparameter±; and(iii) thelocation-speci…cfactors si:14 W euseexisting

microstudiestoguideourselectionoftheagglomeration- andcongestion-relatedparameters.

T helocation-speci…cfactors siaredeterminedbycalibratingthemodeltoreproducethe

actual19 51 employmentdensitiesforthe289 M SA s inourdataset.

H owever, beforewecanproceedwith parameterselectionand calibration, there is an

importantpreliminarystep. T heavailableestimates ofagglomerationandcongestionpa-

rametersgivethestrengthofthesee¤ects inrelationtochanges inlocalpopulation rather

thanlocalemployment. T herefore, tousetheseestimatesweneedtoknowhowemployment

andpopulationarerelatedinourlocations.15 W eusedtheemploymentdatafor19 7 9 and
14Each si is asum ofboth location-speci…cas wellas economywidevariables. H owever, sincethesi’s

di¤eracross locations onlybecauseofdi¤erences in thelocation-speci…cvariables, werefertothesi’s as

location-speci…cfactors.
15 N otethatitisnotadvisabletousethe(easilyavailable) aggregateemploymenttopopulationratiofor

thispurpose. Foronething, thedemographicsoflargeandsmallM SA stendtobesystematicallydi¤erent,
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thepopulationdatafor19 80 togaugetherelationshipbetweenemploymentandpopulation

forourfullsetof29 7 M SA s.16 W eregressedthelogarithmoflocationemploymentin19 7 9

againstaconstantandthelogarithm oflocationpopulation in 19 80. T heslopewas esti-

matedtobe1.0865. A lso, themedianemploymenttopopulationratiowas 0.32. W euse

theserelationshipsbelow.

EstimatesofA gglomeration-R elatedParameters

R ecallthat¹ = º=® and ¹d i= ln(N min=Ai):Sincewehaveobservationsonthelandarea

ofeachM SA (Ai);weneedestimatesof® ; º; N min, and´ only.

L et’sbeginwith® ;theexponenttolaborinputintheproductionfunctionforthetraded

good. U nderperfectcompetition, theequalityofwagesandmarginalproductoflaborimplies

thattheshareofvalue-addedabsorbedbycompensationtoworkers is ®:17 A verage® , as

measuredbylabor’sshareinU S G D P, hasbeenabouttwo-thirdsforthepost-W W II period.

Sincethisestimateisrelativelyprecise, weset® = 0:67:

Toboundº andN min;weturntostudiesthatattempttoestimatethedegreeofagglom-

erationeconomies forU S cities. A s discussedin M oomaw(19 81), thereareessentiallytwo

waysofobtainingsuchanestimate. Inthe…rstmethod, thezero-pro…tconditionfor…rms

isusedtodeliverarelationship betweenalocation’snominalwageandsuchcharacteristics

sotherearesystematicdi¤erences in theemploymenttopopulation ratioacross M SA s ofdi¤erentsizes.

Furthermore, as noted earlier, the County Business Pattern datadonotcoverallworkers, sothatthe

employmenttopopulationratioforanylocation inourdatasetismostlikelylowerthantheemployment

topopulationratiosreportedforaggregatedata.
16Sincelandareaisnotanissuehere, weusedthefullsetofM SA sratherthantherestrictedset.
17 Sincethelocalgood is linearlyproducedusingthetradedgood, theshareoflabor’s compensation in

thelocalgoodis ® aswell.
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as itspopulationsize, industrymix, etc. Inthisapproach, anestimateofthecoe¢cienton

population size is an estimateofthestrengthofagglomerationeconomies. In thesecond

method, theproductionfunction is estimateddirectlyusingdataonvalue-added, employ-

ment, capitalstock, populationsize, industrymix, etc. A gain, thecoe¢cientonpopulation

sizeprovidesanestimateofthestrengthofagglomerationeconomies.

Turning…rsttoestimates obtainedusingthezero-pro…tcondition, notethatthezero-

pro…tcondition(11) inconjunctionwithagglomerationfunction(2) implies:

lnwi= constant + ®¡1lnÁi+ º¢®¡1ni¢Âi+ º¢®¡1nmin¢(1¡Âi)

where ni is thenaturallogofN i, nmin is the naturallogofN min;and Âi is an indicator

functionthattakesonthevalue1 when niexceeds nminand 0 otherwise. L eoSveikauskas

(19 7 5)estimatedarelationshipofthisformforeachof14two-digitmanufacturingindustries.

H eusedSM SA populationratherthanemploymentasaregressorandignoredthepossibility

ofthresholds(i.e., assumedthatÂ is1 foreveryobservation). H eobtainedestimatesofº¢®¡1

thatrangefrom 0:0 116to0:0 855withamedianvalueofaround 0:0 4 8 (TableIV , p. 404).18

U singtheestimatedrelationshipbetweenlogemploymentandlogpopulationforourM SA s,

andalaborshareoftwo-thirds, Sveikauskas’estimatesimplyamedianestimateofº ofabout

0:0 3.19

H owever, Sveikauskas’estimates ofº ¢®¡1 su¤erfrom (atleast) twooppositebiases.
18 T hedatapertaintoallSM SA s in19 67 .
19 M oomaw(19 81) adjustedSveikauskas’estimatesofº¢®¡1 fortheobservedlaborshareineachindustry

andreportedestimates ofº thatrangefrom 0 :0 0 6 to 0 :0 485 withamedian valueof0 :0 266: H owever, as

noted byCicconeand H all(19 9 6), theCensus ofM anufactures dataoverstatevalue-addedperworkerin

largercitiesandhenceunderestimatetheworker’s shareofvalue-addedforthosecities.
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First, heusedonlyalimitednumberofvariables tocontrolforlocation-speci…cfactors Ái:

B ecause there is positive dependence between Ái and ni in equilibrium, the omission of

relevantlocation-speci…cfactors willbias theestimates ofº ¢®¡1 upward. O n theother

hand, Sveikauskas did notconsiderthepossibilitythatagglomeration economies maybe

insensitivetochanges inpopulationuptoacertainlevel(i.e., thepossibilityofathreshold

likeN min), whichmayhavebiasedhisestimateofº¢®¡1 downward.20 Still, theextentofthe

downwardbias ismuchlesscertainthantheupwardbiasthatalmostcertainlyexistsandis

likelytobequitesigni…cant. T herefore, itis reasonabletoconcludethat0:0 3 is anupper

boundestimateofº:W eproceedontheassumptionthatSveikauskas’estimates suggesta

valueofº between, say, 0:0 15and 0:0 3:T his impliesavalueof¹ between0:0 2 2 5and0:0 4 5:

Turningtoproductionfunctionestimates, observethatthelocation-speci…cproduction

function(1) inconjunctionwiththeagglomerationfunction(2) implies thefollowingrela-

tionship:

yi= constant+ lnÁi+ ºn ¢Âi+ ºnmin¢(1¡Âi)+ (1¡®)ki (21)

whereyi is thelogoflocationi’saveragelaborproductivityandki is thelogofitscapital

perworkerratio. A sbefore, Â isanindicatorvariablethattakesonthevalue1 ifniexceeds

nminandzerootherwise. D avidSegal(19 7 6) estimatedarelationship ofthis form ondata

from 58 SM SA s for1967 . H eused SM SA populationratherthanemploymentas thesize

variable and used aterm like º ¢Âi; instead ofºni¢Âi+ ºnmin¢(1 ¡Âi); totake into
20T hereasonforthedownwardbiasisasfollows. Ifapopulation“threshold”exists, yiwillbelesssensitive

todi¤erencesinpopulationsize. A nestimationstrategythatignored“thresholds” (andusedthefullvariation

inpopulationsize)wouldassignasmallercoe¢cientonpopulationto“…t” therelativeinsensitivityofyi to

populationsize.
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accountdi¤erences inproductivitystemmingfrom di¤erences inpopulationsize. H efound

measurableproductivitydi¤erencesforSM SA swithpopulationsaboveandbelow2 million

andestimatedthatdi¤erencetobeabout8 percentinfavorofSM SA swithapopulation

over2 million.

B ecauseSegalusedbroadpopulationcategories tomeasureSM SA size, his estimateof

an 8 percentproductivitydi¤erentialinfavoroflargeSM SA s cannotbeusedtodetermine

º:O ntheotherhand, his …ndingthatproductivitydi¤erences arediscerniblebetweenthe

groupofSM SA swithpopulationsgreaterthan2 millionandthegroupofremainingSM SA s

maybeinterpretedasevidencethatN mincannotbeanygreaterthan750 ;0 0 0 workers.21 W e

proceedontheassumptionthataplausiblevalueofN mincannotexceed750 ;0 0 0 .

W edidnot…ndanyusableestimatesof´:Forwantofsomethingbetter, wesetitsvalue

equalto0:0 1:

EstimatesofCongestion-R elatedParameters

R ecallthat± = µ¢°;whereµ istheshareoflocalgoods inthehouseholdbudgetand°

isthepercentagechangeinthepriceofthelocalgoodduetoaunitchangeinemployment

density.

Inourmodel, therelationshipbetweenthepriceofthelocalgoodandemploymentdensity

isgivenbyequation(10). T hisequationimpliesthefollowingrelationship:

lnpi= ln»i+ °¢Di

21W eusedtheestimatedrelationshipbetweenlogemploymentandlogpopulationforourM SA stodeter-

minetheemploymentlevelcorrespondingtoapopulationof2 million.
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R oback(19 82)estimatedarelationshipofthisformusingdatafrom 7 3SM SA sfor19 7 3. She

usedthelogarithmoftheaverageresidentialsitepriceasthedependentvariableandvarious

SM SA -speci…cfactors andSM SA populationdensityas regressors. T hecoe¢cientonthe

densityvariableinherregressionis 2 :0 £10 ¡4 (Table3, p. 127 2). Sincethemedian M SA

employmenttopopulationratioforourlocations is 0:32 , R oback’sestimateofthedensity

coe¢cientimpliesa°valueof(approximately)6:0 £10¡4:

Togetaperspectiveonthisestimate, consideranM SA withemploymentdensityof49 00

workers persquaremile. T his …gureis abouttheupperlimitoftheemploymentdensities

observed inourdataset. Forsuchan M SA , a1 percentincrease in employmentdensity

wouldmeananadditional4 9 workers persquaremileandan increase inthesitepriceof

residentiallandofapproximately0 .0 2 9 4 (= 4 9 £6:0 £10 ¡4 ) percent.

R oback’spopulationdensitycoe¢cientmeasures theproportionateincreaseinresiden-

tialsitepricegivenaunitincreaseinpopulationdensityholdingalltheotherfactorsinher

regressionconstant. Inreality, anincreaseinM SA populationdensityislikelytobeaccom-

paniedbyincreases inothernonhousing-relatedcosts. Sinceweuse°astheparameterto

captureallofthecostsassociatedwithincreases incongestion, weviewherestimateofthe

coe¢cientonthepopulationdensityvariableasprovidingalowerboundforourmodel°:

Toestimateµ;weusedthe19 7 2-7 3consumptionexpendituresharesofurbanwageearners

andclericalworkers reported in Jacobs andShipp (19 9 0).22 W esummedtheexpenditure

sharesonfood, shelter, utilities (includingfuelsandpublicservices), publictransportation,

entertainment, andsundries. T hesecategoriesamountedto56:8 percentoftotalhousehold
22Expendituresharestendtochangeovertime. Sinceourestimateof° isderivedfrom astudybasedon

19 7 3data, weusedtheexpendituresharesfortheclosestavailableyear.
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expenditures (Table2, p. 22). Sincesomeofthesecomponents arenotentirelylocal, we

estimateµ tobe0:50:Sincewebelievethisestimatetoberelativelyprecise, wesetµ to0:50 .

Takentogether, theseestimatesimplyavalueof± nosmallerthan3:0£10 ¡4:W eproceed

ontheassumptionthataplausiblevalueof± isbetween3:0 £10 ¡4 to6:0 £10 ¡4 .

CalibrationofM SA -Speci…cFactors

T he…nalstepistodeterminetheM SA -speci…cfactors. T hisisdonebychoosingagglom-

erationandcongestionparameterswithintherangesnotedaboveandcalibratingthemodel

tomatchemploymentdensitiesobservedin19 51 foreachofour289 locations.

T hisstepwouldbestraightforwardbutforthefactthattheobservedemploymentdensity

foreachlocationmustsatisfythestabilityrestrictionnotedinthede…nitionofsystem-of-

citiesequilibrium(equation(20)). Foreachlocation, thisrestrictiondependsonitslandarea,

Ai;andonthevaluesoftheagglomeration- andcongestion-relatedparameters. Inparticular,

itdoesnotdependonthelocation-speci…cfactor. T herefore, oncetheagglomeration- and

congestion-relatedparametersarechosen, thesechoices(alongwithAi)determinethedensity

zonethatcon‡icts with stability. T hedi¢culty is thatthere is noassurancethatactual

employmentdensities in19 51 willlieoutsidethis“instabilityzone.”

Figure3 illustrates theproblem foravalueofN min = 10 0 ;0 0 0 , ¹ = 0:0 4 5 and ± =

3:0 £10¡4 . Itgivesascatterplotofall289 (¹d i;d i)pairsfor19 51. T heverticallineiserected

atln[(¹ + ´)=±]andthediagonallineis the4 5± line. Foranyscatterpointlyingbelowthe

4 5±-lineandtotheleftoftheverticalline, ¹d i< d i< ln[(¹ + º)=±]:T hus, anypointinthe

cross-hatchedtriangularareaviolatesthestabilityrestriction. Fortheseparameterchoices,

quiteafewlocations in19 51 hademploymentdensitiesthatfellinthe“instabilityzone.”
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Toproceedwiththecalibrationstep, weneedtoemptyoutthe“instabilityzone.” T his

canbedonebyeitherlowering¹; orraising± (bothofwhichcausethetriangularcross-

hatchedareatoshrinkbyaleftwardmoveofits verticalside) orbyraisingN min (which

causesthescatterplottomigrateupward). Sincewewantedtoretaintheabilitytovary¹

and± withintherangesnotedearlier, wemetthestabilityrequirementbysettingN minhigh

enoughsothatwith ¹ atitstop valueand± atitsbottom valuetherearenoobservations

inthe“instabilityzone” in19 51. W efoundthatan N minvalueof4 0 0 ;0 0 0 wassu¢cientto

accomplishthis.

Forourbaselinemodel, wesetN min = 4 0 0 ;0 0 0 workers. W e set¹ = 0:0 34 and ± =

4:5£10¡4 , whicharethemidpointsoftherespectiverangesof¹ and±.

T hecalibration step was thenperformedas follows. W e…rstnormalizedthelocation-

speci…cfactorforthedensestlocationwithmorethanN minworkersin19 51 to1:T hen, using

this location’sareaanditsactualemploymentdensityin19 51 (andtheselectedvalues for

N min;¹;´, and±), wedeterminedfromequation(18) theimpliedvalueoflogutilityin19 51

(denoted v¤51). Fortheremaininglocations, weusedtheirareas, theiractualemployment

densities in 19 51, and thecomputedvalueofv¤51 tosolvefortheuniquelocation-speci…c

factorsfromcorrespondingequations in(18).

V I. Findings

In this section wedetermine the equilibrium M SA employmentdensities implied by our

modelwhentheleveloftotalemploymentinthemodelissetequaltothelevelofaggregate

metropolitanemploymentin 19 9 4. T heequilibrium was foundbyconstructingamapping
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from v (·v¤51)toequilibriumlogemploymentdensityforeachM SA .ForM SA sinwhichthe

19 51 employmentdensitywasinexcessof¹d i;thesemappingstracedoutthevi(d )lyingbelow

v¤51:ForotherM SA s, themappingmaybediscontinuous andmaytraceoutonlyportions

ofthevi(d ) functionlyingbelowv¤51:23 Inanycase, theseindividualsmappingswereaggre-

gatedtogenerateamappingfrom v toaggregatemetropolitanemployment. L ikeindividual

mappings, theaggregatemappingisdownwardslopingwith(possibly)pointsofdiscontinu-

ity. T heequilibrium was foundbyloweringv untilemploymentimpliedbytheaggregate

mappingrosetowithin1 percentofactual19 9 4aggregatemetropolitanemployment.

Figure 4 plots the actual(and predicted) L orenz curve for19 51 and the actualand

predicted L orenz curves for19 9 4. Table 4 reports the values ofthese L orenz curves at

selectedpoints.24 Itisclearthatthemodelpredictsmoreemploymentdeconcentrationthan

actuallyobserved: thepredictedG ini indexofinequalityfor19 9 4 is 0.32 ascomparedwith

theactualG ini indexof0.53. W hy is thepredicted G ini coe¢cientfor19 9 4 lowerthan

actual?Table5 showstheactualandpredictedemploymentsharesofM SA s(notM SA land

areas) groupedbydeciles. T hemodel’spredictionforthe…rstdecileis thesameasactual,

anditspredictionforthethirdthroughthetenthdecilesareclosetoactual. H owever, the

modelunderpredicts theemploymentshareofM SA s intheseconddecileby 7 percentage

points. T his large discrepancy between the actualand predicted employmentshares of
23Forinstance, ifthe19 51 employmentdensityisatalevellikedLi inFigure2(b), themappingwilltrace

outthevi(d)functionuntilv reachesthelevelofthekink(inthevi(d)function)andthenjumptothepoint

that’sonthesamelevelasthekinkbuttotherightof¹di;lowervaluesofvwilltraceoutthevi(d)function

lyingbelowthispoint.
24T hevaluesfor19 51 and19 9 4inTable4maybeslightlydi¤erentfromthosereportedinTable1 because

Table4 isbasedonasampleof289 M SA swhereas Table1 isbasedonasampleof29 7 M SA s.
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relativelydenseM SA s accounts forthemuchlowerpredictedG ini coe¢cient. Still, except

forthisimportantdiscrepancy, themodeldoesreasonablywellataccountingforthepostwar

deconcentrationofmetropolitanemployment.

Table6presents themodel’s prediction forM SA s ranked by theirinitial, i.e., 19 51,

employmentdensity(theresultspresentedinTable5 allowspeci…cM SA tochangedeciles

overtime). T he29 mostdenseM SA s in19 51 (thetop decile) accountedfor54percentof

totalmetropolitanemployment. B y19 9 4theirsharehadfallento35 percent, butthemodel

predictsthattheirsharewouldfallto29 percent. L ookingattheoppositeendofthedensity

scale, we…ndthatthe57 leastdenseM SA s in19 51 (thebottomtwodeciles)accountedfor2

percentoftotalmetropolitanemployment. By19 9 4, theirsharehadrisento5 percent, but

themodelpredictedthattheirsharewouldjumpto15 percent.

T hesediscrepanciesfortheinitiallymostandleastdenseM SA ssuggestthatotherforces,

suchastechnologicalchange, mayhaveincreasedrelativelymoreinthemostdenseM SA s.

G asparand G laeser(19 9 8) suggestthatimprovements in telecommunications technology

mayfavoremploymentgrowth incities andotherdenselocations. T heyarguethatwhile

improvements intelecommunicationsubstituteforface-to-facecontacts, theyalsoincrease

theneedforalltypes ofinteractions andsofavorjob growth in denseareas. R ecallthat

followingthevastmajorityofmicrostudies, wetreatagglomerationeconomies as afunc-

tionofM SA employmentsize. R ecently, CicconeandH all(19 9 6)havesuggestedthathigher

densities(asopposedtogreaternumbers)ofpeopleandjobspromoteinnovationandtechno-

logicalchangeandthereforegrowth. Inreality, thesepositivee¤ectsmaytendtosomewhat

dampentheincreases incongestioncostsassociatedwithincreases indensityandprovidea
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possibleexplanationforthesediscrepancies.

Finally, thetwopanels in Figure 5 showmodelpredictions atthe levelofindividual

M SA s. InthesepanelsM SA sarealwaysranked(indescendingorder)bytheir19 51 employ-

mentdensity. Figure5(a) plots theactualemploymentdensities forourlocations in 19 51

andalongsidethepredictedemploymentdensities for19 9 4. A lllocations arepredictedto

havehigheremploymentdensityin19 9 4thanin19 51. A sonewouldexpect, thereisaclear

tendencyforpredicteddensitytoriseproportionatelymoreforlessdenseM SA s (thespikes

inpredictedemploymentdensitywillbediscuss shortly). Figure5(b) plotstheactualem-

ploymentdensitiesfor19 9 4alongwiththosepredictedbyourmodel. T hepredicteddensity

plotis notas jaggedas theactualone;thatis, manymore M SA s changedtheirrankings

(relativetotheirrankings in 19 51) inthedatathan inthemodel. Intermsofourmodel,

inwhichlocation-speci…cfactors arecalibratedtomatch 19 51 employmentdensities, this

featureunderscorestheimportanceofchanges inlocation-speci…cfactors inaccountingfor

individualM SA employmentdensities in19 9 4.

N evertheless, thefactthatchanges inrankingsoccurinthemodelatall(as evidenced

bythespikes inpredictedemploymentdensities) isnoteworthy. T hesespikesoccurbecause

ofthefeedbacke¤ectsofagglomerationeconomieswhenemploymentinalocationincreases

beyondN minandthatlocation’slandareaislargeenoughfor¹d tobelessthanln[(¹ + ´)=±]:

Figure6illustrates this feedbacke¤ectfortheFresnometropolitanarea, alocation that

experiencedan employmentspike inourmodel. T hetop horizontalline is thecomputed

v¤ in19 51 with d 51Fresno asFresno’sobservedemploymentdensityinthatyear. T hebottom

horizontallineisthepredictedv¤ in19 9 4andd 9 4Fresno isthepredictedemploymentdensityfor
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Fresno. BecausethevFresno(d ) functionhasanincreasingsegment, theequilibrium density

in19 9 4 isconsiderablyhigherthanitwouldbeifthatsegmentwereabsent.

V II. Sensitivity A nalysis

Inthissection, weexaminethesensitivityofthepredictionsofthebaselinemodeltochanges

in±;¹ , N min;andlocation-speci…cfactors. Inpresentingtheseresults, wealwaysrankedM SA s

bytheir19 51 employmentdensities.

Figure7 plotsthepredictionsofthemodelwhenallagglomerationparametersarekeptat

theirbaselinevaluesbutthevalueof± isvaried. Inthisplot, themiddlebarforeachgroup

isthebaselinepredictionwhilethe…rstbaristhemodel’s predictionwhen ± = 3:0 £10 ¡4

andthethirdbaritspredictionwhen± = 6:0£10 ¡4:Tointerpretthisplotitisimportantto

recognizethat± isnottheonlyparameterthatchangesacrossthethreesimulations. Since±

isusedinthecalibrationstep, achangein± alsochangesthesettingsofthelocation-speci…c

factors. T hus, theplotre‡ects di¤erences in both ± and induceddi¤erences in location-

speci…cfactors.

Tosortoutthee¤ectsofthesesimultaneouschanges, itisusefultoconsidertheexpression

forthe…rst-round(orimpact)e¤ectontheutilitylevelsofmobileworkersin19 9 4ofachange

in±:U singequation(18), thischangecanbewrittenas:

v
0
i(199 4 )¡v¤(1994 ) = (s

0
i¡si)¡(±0¡±)¢e d ¤i(199 4 )

wherev0i(199 4 ) istheutilitylevelthatwouldprevailinlocationiiftheemploymentdensityof

locationiisheld…xedatthevaluepredictedforitin19 9 4bythebaselinemodel(wedenote

thispredictedequilibriumdensitybyd ¤i(199 4 ))ands
0
iistheithlocation-speci…cfactorwhen
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thecongestionparameteris setto±0:

T his expression forchange in utilityhas twoparts: T he…rstpartis thee¤ectofthe

inducedchangeinthelocation-speci…cfactorandthesecondisthedirecte¤ectofachange

in±. Figure8(a) plotsthedirectimpacte¤ectofadecreasein± from thebaselinevalueof

4:5£10¡4 to3:0£10¡4:A swewouldexpect, thereisasubstantialincreaseintheutilitylevel

ofmobileworkers intheverydenselocationsrelativetoother, lessdenseones. Ifthiswere

theonlye¤ectinoperation, ourmodelwouldgenerateanincreaseintheemploymentshare

ofthemostdenselocationalongwith(quitepossiblysubstantial) decreases inemployment

sharesoflessdenselocations.

Turningtotheinducedchangeinlocation-speci…cfactors, ourcalibrationstep implies:

s
0
i¡si= ¡(±0¡±)¢(e d 1(1951)¡e d i(1951))

Figure 8(b) plots the induced changes in location-speci…cfactors. T he e¤ectofinduced

changes inlocation-speci…cfactorsisroughlyoppositetothedirecte¤ectsplottedinFigure

8(a). T hisisintuitive. A decreasein± lowerscongestioncostsanddenselocationsgainmore

fromthatreductionthanlessdensecities. B yitself, thiswouldimplyagreaterconcentration

ofworkers inmoredenselocations. H owever, sincethecalibrationstep forcesthemodelto

reproducethe(unchanged) employmentdensityfor19 51, this increasedattractiveforceof

lowercongestioncostmustbecounteredbymakingdenselocations lessattractiverelative

tolessdenseones. H ence, thecalibrationstep increasesthelocation-speci…cfactorsofless

denselocationsrelativetothemoredenseones. Figure8(c) showsthattheoverallimpact

e¤ectofareductionin ± ontheutilitylevelofmobileworkers is small. Consequently, the

changes inemploymentsharerequiredtoreachanewequilibrium is small.
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Figure9 (a) comparesthepredictionsofthebaselinemodeltomodels inwhichthe¹ is

0:0 2 3and 0:0 4 5:Evidentlyvariations in¹ donota¤ectemploymentsharesverymuch. T he

sameresultisapparentinFigure9 (b), whichcomparesthepredictionsofthebaselinemodel

tooneinwhich N minisraisedto750 ;0 0 0:W ealsoinvestigatedwhetherthepredictionsfor

19 9 4 aresensitivetochanges inthewaythelocation-speci…cfactors arecalibrated;…gure

9 (c)comparesthepredictionsofthebaselinemodeltothoseofamodelinwhichthelocation-

speci…cfactorsarecalibratedtomatchobservedemploymentdensitiesin19 59 .25 T heresults

ofthesesensitivityanalyses aresummarizedinTable 7 . A s is evident, thesechanges have

verylittlee¤ectonthemodelpredictionsfor19 9 4.

T husthepredictionsofthebaselinemodelconcerningemploymentdeconcentrationap-

peartoberobust. G ivenhowhard itis toestimatethesekeymodelparameters, thero-

bustness isverygratifying. W eshouldemphasizethatitisthecalibrationstepthatdelivers

this robustness: therequirementthatthemodelmatchthe 19 51 employmentdensities for

anyselectionofparametervaluesconstrainshowmuchthepredictedemploymentshares for

19 9 4canvaryinresponsetotheseselections.

V III. ImplicationsandConclusion

T hisarticlelookedathowU S metropolitanareasofdi¤erentdensitiesabsorbedtheincrease

in aggregatemetropolitan employmentoverthepostwarperiod. O ur…ndings showthat

disparities in employmentdensity across U S metroareas has lessened substantially over

thepostwarperiod. Employmenthas grownfasterin the initiallyless densemetroareas

comparedtotheinitiallymoredensemetroareas.
25InthiscasethevalueofN min wasalsoraisedto50 0 ;0 0 0 tosatisfythestabilityrequirement.
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W e argued thatthe postwarincrease in aggregatemetropolitan employmentwas an

importantforceunderlyingthis deconcentrationofmetropolitan employment. Increasein

aggregatemetropolitanemploymentleads todeconcentrationbecausecongestioncosts rise

fasterfortheinitiallymostdensemetroareasthanfortheinitiallylessdenseones. U singa

calibratedversionofthestaticsystem-of-citiesmodel, weshowedthatthe2.4fold-increase

inaggregatemetropolitanemploymentbetween19 51 and19 9 4was indeedapowerfulforce

favoringemploymentdeconcentration. O urbaselinemodelpredicts thatthe increase in

aggregatemetropolitan employment, by itself, implies more employmentdeconcentration

thanactuallyobserved. T hepredictedG ini coe¢cientofinequalityinemploymentdensities

for19 9 4is0.32 comparedtotheactualG ini for19 9 4of0.53. W ealsodemonstratedthatthe

predictionsofourbaselinemodelareveryrobusttochangesinunderlyingparametervalues.

W hatarethewiderimplications ofour…nding? Inthepast, economists attemptedto

relatethespatialdispersalofemploymenttochanges intechnology, preferences, ortrans-

portation policies. T hey focused on these factors becausetheyoverlooked thee¤ects of

growth inaggregatemetropolitanemploymentonemploymentdeconcentration. W eshow

thatabsentanychangeintechnology, preferences, orpolicies, employmentintheU S would

bemoredeconcentratedthanitisnow. Thus, our…ndingleadsustobelievethatchangesin

technology, preferences, andtransportationpoliciesmayhaveacted, onnet, toincreaseem-

ploymentconcentration. Forinstance, itispossiblethattheimprovementsintransportation

infrastructure(suchasthoseresultingfromthefederalhighwayprogram)reducedcongestion

costsforlargemetroareasandsowasafactorleadingtogreaterconcentrationaswell. T hus,

bydeterminingwhatwouldhavehappenedtothedistributionofmetropolitanemployment
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ifallfundamentalsexceptaggregatemetropolitanemploymenthadremainedunchanged, our

studypotentiallyilluminates thetruee¤ects ofpostwarchanges in technologyandtrans-

portationpoliciesonthedistributionofmetropolitanemployment.

W econcludethis studybyreferringtothemacroeconomicthemewithwhichwebegan,

namely, convergence. A snotedearlier, macroeconomistshavefocusedonconvergenceinper

capitaincomeorproductacrossregions. W ewishtobringtotheirattentionthephenomenon

ofconvergenceinemploymentdensities. W ebelievethesetwophenomenaarecloselyrelated,

butexistingmodels(includingourown)donotmakeaconnectionbetweenthem. Following

Barroand Sala-i-M artin (19 9 2), macroeconomists have analyzed convergence in regional

percapita incomeas acollection ofclosed regionaleconomies transitingtothesame, or

possibly di¤erent, steady states; convergence in employmentdensities is notanecessary

consequenceofthesemodels. Incontrast, weassumedperfectinterurbanfactormobility

andcostlesstransportationofthetradedgood;adjustedforamenitiesandthecostofliving,

there is neverany di¤erence in ourmodelin realpercapita earnings ofworkers across

M SA s. T hus, ourmodeldoesnotdisplayconvergenceinthesensemeantbyBarroandSala-

i-M artin. O fcourse, theassumptionofperfectfactormobilityisaconvenientabstraction, as

istheassumptionofclosedregionaleconomies. Presumably, amorecompleteunderstanding

ofregionalconvergence (in percapitaearnings and employmentdensities) would require

considerationoftheimperfectmobilityoffactorsandgoods.
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A P PEN D IX

ProofofProposition(ComparativeStatics)

Tobeginwith, notethat ¹d i > ln[(¹ + ´)=±] implies thatthe vi(d ) function is strictly

decreasingin d forallisothatthere is auniqueequilibrium densityforeachlocation in

boththeinitialandthenewequilibrium.

(i) N ow, observethatwithnochangeinanyAi, anincreaseintotalemploymentimplies

thatequilibrium employmentdensitymustincreaseinatleastonelocation. Forspeci…city,

supposeitrisesforlocationi0:Itfollowsthatv2i0< v1i0. T hen, equation(18) (inthede…nition

ofsystem-of-cities equilibrium) implies thatv2i < v1i foralliandhence d 2i > d 1i forallias

well. Sinced 2i = ln½i+ d 1i; ½i> 1 foralli:

(ii) N ext, observethatforanypairoflocationsiandj;equation(18) implies:

v2i¡v1i = v2j¡v1j (22)

Sinced i> ¹d iforalli; substituting(18) into(22) yields:

¡±(e d 2i¡e d
1
i)+ (¹ + ´)(d 2i¡d 1i) = ¡±(e d

2
j¡e d

1
j)+ (¹ + ´)(d 2j¡d 1j)

U singthefactthatd 2i = ln½i+ d 1i thengives:

¡±¢e d 1i(½i¡1)+ (¹ + ´)ln½i= ¡±¢e d
1
j(½j¡1)+ (¹ + ´)ln½j (23)

N owsupposethatd 1i > d 1j. T hen, foranycommonvalueof½ thel.h.s. of(23) is lessthan

itsr.h.s. Furthermore, since d 1i > ln[(¹+ ´)=±]foralli; thel.h.s. andther.h.s. of(23) are

strictlydecreasingfor½i¸1 and½j¸1;respectively. Itfollowsthenthat(23) implies ½i<

½j:
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Table1

SelectedValuesoftheL orenzCurvesforM SA Employment,19 51 - 19 9 4

Cum. ShareofM etropolitanEmployment

Cum. ShareofM SA L andA rea 19 51 19 59 19 69 19 7 9 19 8 9 19 9 4

Top 1 % M ostD ense 0.21 0.19 0.17 0.14 0.14 0.11

Top 5 % M ostD ense 0.44 0.41 0.39 0.34 0.34 0.29

Top 10 % M ostD ense 0.57 0.55 0.52 0.47 0.45 0.41

Top 20 % M ostD ense 0.7 1 0.69 0.66 0.62 0.61 0.58

Top 30 % M ostD ense 0.80 0.7 8 0.7 7 0.7 3 0.7 2 0.7 0

Top 40 % M ostD ense 0.88 0.86 0.85 0.82 0.81 0.80

Top 50 % M ostD ense 0.9 3 0.9 1 0.9 0 0.88 0.88 0.86

Top 7 0 % M ostD ense 0.9 8 0.9 7 0.9 7 0.9 6 0.96 0.9 5

Top 9 0 % M ostD ense 0.9 9 0.9 9 0.9 9 0.9 9 0.9 9 0.9 9
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Table2

SharesofM etropolitanEmploymentbyM SA D eciles,19 51-9 4*

D eciles 19 51 19 59 19 69 19 7 9 19 89 19 9 4

1st 0.54 0.51 0.47 0.41 0.37 0.33

2nd 0.10 0.10 0.10 0.10 0.10 0.10

3rd 0.11 0.11 0.12 0.12 0.12 0.13

4th 0.08 0.08 0.10 0.11 0.12 0.13

5th 0.05 0.05 0.05 0.06 0.06 0.06

6th 0.05 0.05 0.05 0.06 0.06 0.07

7 th 0.03 0.03 0.03 0.04 0.04 0.04

8th 0.02 0.02 0.03 0.04 0.05 0.05

9 th 0.02 0.02 0.03 0.04 0.04 0.05

10th 0.01 0.02 0.02 0.03 0.03 0.04
* M SA srankedby19 51 employmentdensity. T hesamplecontains29 7 M SA s.

40



Table3

SharesofM etropolitanEmploymentbyM SA D eciles, 19 51-9 4*

ExcludingM SA swithVeryL argeL andA reas

D eciles 19 51 19 59 19 69 19 7 9 19 89 19 9 4

1st 0.54 0.52 0.48 0.42 0.39 0.35

2nd 0.10 0.10 0.10 0.10 0.10 0.10

3rd 0.11 0.11 0.12 0.12 0.12 0.12

4th 0.07 0.08 0.09 0.11 0.12 0.12

5th 0.05 0.06 0.06 0.06 0.06 0.07

6th 0.05 0.05 0.05 0.06 0.07 0.07

7 th 0.03 0.03 0.04 0.04 0.05 0.05

8th 0.02 0.03 0.03 0.04 0.05 0.06

9 th 0.01 0.02 0.02 0.03 0.03 0.03

10th 0.01 0.01 0.01 0.02 0.02 0.02
* M SA srankedby19 51 employmentdensity. T hesamplecontains289 M SA s.
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Table4

SelectedValuesofL orenzCurvesforM SA Employment

19 51, 19 9 4, and19 9 4Predicted

Cum. ShareofM etropolitanEmployment

Cum ShareofM SA L andA rea 19 51 19 9 4 A ctual 19 9 4 Predicted

Top 1 % M ostD ense 0.20 0.10 0.09

Top 5 % M ostD ense 0.41 0.28 0.20

Top 10 % M ostD ense 0.55 0.40 0.30

Top 20 % M ostD ense 0.7 0 0.56 0.43

Top30 % M ostD ense 0.7 8 0.69 0.54

Top40 % M ostD ense 0.86 0.7 8 0.63

Top 50 % M ostD ense 0.9 1 0.85 0.7 1

Top 7 0 % M ostD ense 0.9 7 0.9 4 0.84

Top 9 0 % M ostD ense 0.9 9 0.9 9 0.9 5
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Table5

A ctualandPredictedM etroEmploymentSharesbyM SA D eciles, 19 9 4*

D eciles A ctualfor19 51 A ctualfor19 9 4 Predictedfor19 9 4

1st 0.54 0.39 0.39

2nd 0.10 0.20 0.13

3rd 0.11 0.11 0.12

4th 0.07 0.08 0.08

5th 0.05 0.05 0.06

6th 0.05 0.06 0.06

7 th 0.03 0.04 0.05

8th 0.02 0.03 0.05

9 th 0.01 0.03 0.03

10th 0.01 0.02 0.02
* ForEachColumnM SA s R ankedbyD ecreasingEmploymentD ensity

43



Table6

A ctualandPredictedM etroEmploymentSharesbyM SA D eciles, 19 9 4*

D eciles A ctualfor19 51 A ctualfor19 9 4 Predictedfor19 9 4

1st 0.54 0.35 0.29

2nd 0.10 0.10 0.07

3rd 0.11 0.12 0.12

4th 0.07 0.12 0.09

5th 0.05 0.07 0.07

6th 0.05 0.07 0.07

7 th 0.03 0.05 0.06

8th 0.02 0.06 0.06

9 th 0.01 0.03 0.07

10th 0.01 0.02 0.08
* M SA s R ankedbyD ecreasing19 51 EmploymentD ensity
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Table7

SharesofM etropolitanEmploymentbyM SA D eciles, 19 51-9 4*

M odel/D eciles 1st 2nd 3rd 4th 5th 6th 7 th 8th 9 th 10th

Baseline 0.29 0.07 0.12 0.09 0.07 0.07 0.06 0.06 0.07 0.08

H igh± 0.29 0.08 0.12 0.09 0.07 0.08 0.06 0.06 0.07 0.09

L ow± 0.29 0.07 0.13 0.10 0.07 0.06 0.06 0.06 0.07 0.07

H igh¹ 0.29 0.07 0.13 0.10 0.07 0.07 0.07 0.06 0.07 0.07

L ow¹ 0.29 0.08 0.12 0.09 0.07 0.08 0.06 0.06 0.07 0.09

N min= 750 ;0 0 0 0.29 0.07 0.11 0.08 0.07 0.08 0.06 0.06 0.07 0.09

Calibratedto19 59 0.30 0.07 0.12 0.09 0.07 0.08 0.06 0.06 0.07 0.08
* M SA s R ankedbyD ecreasing19 51 EmloymentD ensity
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Figure 1

Gini Coefficients
        1951     0.66
        1959     0.64
        1969     0.62
        1979     0.57
        1989     0.56
        1994     0.53



Figure 2(a)
v(d) Function For a Compact Metro Area
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Figure 2(b)
v(d) Function For a Spread-Out Metro Area
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Figure 3
Restrictions Implied by Stability When

N     =100,000 Workers
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Figure 4

Gini Coefficients
1951......................0.63
1994......................0.52
1994(Predicted).....0.31
        



Figure 5(a)
Actual Density in 1951 and Predicted Density in 1994
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Figure 5(b)
Actual and Predicted Density in 1994
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Figure 6
v(d) Function For Fresno Metro Area
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*=3x10 -4          *=4.5x10 -4          *=6x10 -4

Figure 7
Predictions of the Baseline Model Compared to Models 

with Low and High Values of Congestion Parameter
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3x10 -4 Holding S i Fixed

to 3x10 -4

to 3x10 -4

Figure 8(a)
Impact Effect on Log 1994 Utility of Lowering Delta to 
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Figure 8(b)
Effect on Location-Specific Factors for Lowering Delta
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Figure 8(c)
Overall Impact on Log 1994 Utility of Lowering Delta
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Figure 9(b)
Predictions of the Baseline Model Compared to the

Model with High Threshold (N     )
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Figure 9(a)
Predictions of the Baseline Model Compared to Models with

Low and High Values of Agglomeration Parameter (µ)
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Figure 9(c)
Predictions of the Baseline Model Compared to Model 

with 1959 Location-Specific Factors
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