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ABSTRA CT

I N this pgperwe doament that the disparity in enplbymentdarsities aatcss
U S metrgpolitan aress hes Iessaned substantially over the pastinarpenad. Toac
countor this deconaantration of metrgooliten emplbyment we develp asystem
ofF aties mocelinvnhidh an inaeese inaggrecate metrgpolitenemplbymentcausss
agsstion asts o inaeese Bster forttre mare darse meto axess. A Galibrated
\ersion of the mockl revess tat the (raudhly) two ad ahalffold inaesse in
pastnar aggrecate metrgpoliten enploymerttimplies by itself mare decaoaeEn
tation then acally doserved. T hus, nsing aggregate metrgpoliten employmente
Fopears 1o be a poneriul foree Bavoniing decocentratian, althaugh sane bae
.tof geateranpbyment dasity gopears 10 hae patially o ssttte ec ects of

rising aogestian assts Torthe maore derse metro axess.



I. Inmoaoductdon

T heissue ofaonvargenee in inaome ivek betineen regas ofa country;, arbetinean cuntries
hes reavaed a geat deal of attlaian in reaatyears. T he Toas of this researd hes been
an cetermining Whether “there are automatic Tacs that ked 1 anvergene oer ime in
e bek dfper pita inaome ad product” B anmoand Saki-ll artin (1992, p. 223). Far
e U nited Statss, the evdanae sugssts that there is a tendancy Torper Gpitainames
anere attrestate and regaal bBek. 1N this pgperne provde an allermative parspectinve
an the phenamenon of aanvargene. W e eamine the evdlution of enpbymant dagties
aaxcss US metrgpditen aress oer the past ald W arll pariad. Thus in catrast 1O
edsting studies a1 anvagae aur foas is an the dasity of eaonanic activity (rather
then per gpita income ar product) and how these dagiies have evobhed oer time aatss

metrgooliten aress ratherthen states arregas.

W e acaomplish tho tesks in this pgpear: First we doaumat that there hes bean apro
naunced trad tonad s disparity In enplbymattdasities aatss U S metrgpdliten arees
oertepstl aldW arll paiad a ttad we Eoael daaonantration of metrgoolitn en
pbynatt Seacod we arge that an impartant reeson Tor this ttad is that the inftially
mare danse metrpditan aress auldn*tabsarb the pastnarinaesse In aggrecate metrqpol
iten enpbymaitas degply as te inftially kss danse metto aress. B ecause dense metio
arees are nearer 1 g the TUll gpadty of bal resoures, adding jJdos ad pepk in
thee aress ek 10 reltnNely Bster inaessss In trat c angsstian, pollutian, ad the ast
of Mg U sing a calibrated versian ofa systam- ofF dties madel we showv that rising oerall

metrgpditen enployment aupled with Bster inaesesss in angsstian asts Tor dase metto



arees arstituied a ponerful o faarng employmantdsconcatratian.

0 ur..nding of emp byment deconcantratian aamplments  reaant studies an poulatian
gonth inurban aress. ¢ besar; Sdainkman and Shiefr (19 9 5) examine paoulation gronth
inaacss ssctian ofU S dties betineen 19 @ and 1990. Farttemastpart ¢ lbeseretal foas
anatiss ratherthen!l SA s buttharresults Tl SA sindcate thatll SA sinthell orthesst
agawvmae sbnly thenll Sh s ebanare. ¢ Ibesaretal’s ..nding is broedly ansisiatwith
aurs, snetel athesstatars a reatinely kxge share ofthe natian™ danse metrpadliten
axeEs.

I ae recantly, B bdkand H endarsan (1998) have examinad the evolLitian of urban pao
ulbtian ad the number afmetrpditan arees in the U nited States betinsan 1900 and 199 0.
T hey daradterize thar ..nding as ae of “paralkel goti” in the number of metrcpditen
arees ofF dr ergTt pes, Whare the tpe oFan il SA is determined by its relative paoulka
o size (rehllne b aerae!l SA pooulatian). A B Eaton and Edstan (199 7) eamined
population gonth In urben aress In Fane and Jgpan ad faund that aties gew atthe
same rake regadiess of paoulaliaon size. In aaTrast o these studies, we distinguishlil SA s
by tharenpbymatdasities (notthea rabsolute ar relative pqoulatian size) ad ..nd that
the inftially mae dasell Sk s gew Ess igpidly then the inftially Ess dasell Sh s.

0 n the thearetial el there hes abo bean a revival ofinterestin the urban undarpin
nings oFeconamic gronth (. ucss (1988)). B Iedk and H endarsaon (Torthaoming) and Eaton
and Edst@an (199 7) hae extended saome varsias of endogenass gonth madek 1o indude
an uban dmasian. T hese authars have tended 1o Toaus an steedy:statie gonth In ader

1O make eplidtthe anectian betnen aties ad the rate of human pital acaumulation.



INn catrast. the purpcee of the theary develgpad In this pgperis 1o ass=ss the guantitatinve
impartance of aggrecate metrgpditen enpbymatt gonth and rsing aongsstian acsts Tar
pcsthar deconaatratian ofFmetrpoliten enpbymatt

0 ur Toas an aggrecate metrpoliten enpbymatt gonth a8 a cause Tor anpbymatt
deconcanratian is in the spirrtofFthe maaosaonanic erature an income aonvergg e, A s
noted in the goening ine quoted aboe ofFthe B ano and Saki-ll artin (199 2) artick the
issue of maaosaonamic interest is Whether there are automafic Tacss that ked to aonner
e Tothe extanntanpbymantgonth is inheratto an econamicsystam, we o ica iy

an automatic o favaing amae unifamly dase spatial distributian ofFemplbymeant

I1. The D econcentration of Il etxyopolitan Enployment

D ata

W euseCantyB usiness P atierms (CBP) datafortheyears 1951, 1959, 1968, 1979, 1989,
ad1994. T hedataaastofiull ad parttime enplbyess coered by the Federal | rsurance
Cattributiasi ct(FIC ). ¢ enarally emplbyess ofesteblisments eemptiian FIC! |, sudh

as mastgovemmantemployess, selfemployed persas, and rai kced emplyess, are exaluded
1 Caunty B usiness P atierms data ret ectemployess an the payrdlk ofcovered .. ims during the . Istguarter

of tte year: W ith the exagption ofF 1951 ad 1994, the .. rst quarter T all other years in aur sampke
oaurnred ebaut ae year befare business o/cke peaks. T he .. istquarterof 19 51 couned to years belae a
business g/ce pegk A tthis wiiting the earsianary phese of the business o/cle thatbegen in the seaod
quarter of 199 1 hes notyet reeded its peak | aethekss, .\e of the six periads betnean 1951 and 1994
oournred atebaut roudhly the same phese of business o/cke eparsias, and all six periads oaaunred during

an eqarsianary phese ofthe o/



fran Caunty B usiness P atierms. 0 urdata set axsists of 2,88 of the 3137 aunties ad
aunty equivalaTs (baauds, independaitdties, parishes, etc) thatmake wp the U nited
Staies? D ata an variabkes ather then employment (ppulatian and bnd area of aunties)
were taken fran T he City and County D ata B ak

A Mhouch aunties ripresata ..ner bvel of gaogephical detall we dase metirgolitn
statistical arees (I SA S) as the gpagephicaAl unitftorauramabsis. A nil SA pically an
sists ofa aantral aty of at kst 50,000 pepk as well ss any aatiguaus aaunties thatare
metrgpdiiten in daradier; as determined by the percaatace ofits noegriauliural Bbarfoae
and by the amautof cnmuting betneen the caunties and the aaral a b

Fareadh ofthe six years, we astrudied a aomman setofll SA s by acombining cunties
accading © the 1983 dessi.catian of metrpditen aunties. T his procsdure gae s a
sampke asisting oFenploymattad otherdatla o297 Il SA s. A Mthaugh sane of these
I SA s wauld nothae gqual.ed asll Sh s in earfieryears (eccading o thell SA de.niian
impldtinthe 1983 dessl.. cation dimetroaress), Wwe dose the 19 8 3 diessi..catian ofaounties
a5 mettoornametro as qopasad o a dessi.. catian fram same atheryear because aurintait
is O 2 enpbymatt dasity a6 an indicator of angsstian bek. T his reguires thatwe

messure metrgpoliten bd area as the area of the regaon araund a aaral aty in vhidh
2\ e hae ks than ampkte mwerage of aaunties for a \ariety of ressas.  Sane aounties that were

sparately idati. ed in Eteryears in aursample were ambined with other aounties in 1951. R ather then
exclde these aounties fran aur data set; the courtties thatwere aanbined in 1951 were aombined for-all
periadk inaurdataset Inaddiian, the independataties inV irgniaand theindgpendantdtiesof St L auis,
I 0, adW ashington, D C, whidh are treated by the Cansus B ureau as separate aournties, weye drgpped fran

auranalysis.



pepE may e ad .. nd itpractical 1o commute into the aty. Cagsstian bveb woul rise
as this rgaon gairs anpbyment and pqoulation. U niortunately there is no directwvway 1o
messure the area of sudh a regan Treadh Il S 2 T he bestwe can dois determine whidh
aunties nwere dissi..ed as metrgpdiiten tonard the end ofaursample periad and then assume
thatitwes practical 1 he in those aunties and cammute 1o the eanral d ty In earienyears
as well Forthis reesan, we dase the 19 8 3 dibssi.. catian ofmetrgpditen aounties.

A s noted prevasly the eanpbymatt ciowerage of CBP Is not ampEte. To getsane
indicatian of average of metrpdliten enploymantin aurdaa set we ampared the total
numberohnwakars inaurll Sh s ool natiam payroll anploymentin eedh ofthe six years.
By this messure aurll SA s aatan anywhere betineen & 1 8 peraant of woial natkm
waters. Sinae the numberaoinatiam workers enplbyed innamettoaress is ikely toexas=d
e numbar ofFarm warkers enployad in metro aress, this messure ghves a lbnerbaund an

e e erae

Facts

W ewseaursampletodoamantthedisparty inempbymentdasitiess aaassU S metrgool
iten aress. W e dothis by aostructingl aae anes Torll SA enpbymattfareadh ofthe
years Tomnahidwvwe hae datias Inthesel aarz aines, we treateadh sguare milke ofmetirgpdl
iten lend as we would treateadh hausahold in an inaome distribution. Justss in an inaame
distribution eedh hausehod is assodated with its inaome In aur analysis eedh scuare mile

3R gported messures ofil Sh bnd areaare “adtivity based.” 4 acounty dose o acaral dty will notbe

dbssi..ed as metigpoliten urtil it beaoomes sud dently urban in daracter: In aontrast, ameesure ofll SA
lbd area besad an distance fion aral aty wauld alhays indude sudh a cauty: T his etter aonaspt of

I S bbd amemais the rrbvant ae Torassessing angsstian bek.
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ofmetrpditen brd is assadated with its bel oFemploymatt T hs el aaz ane tor
I SA employmant plots the amubltine share ofll SA - enploymatt acarst the amubtive
dareohl Si bdaeg warell Si bnd aress (sguare mi k) have bean ranked acooding
1O deaessing enplbymattda sty (We assume thatempbymaitineadhll SA  is oreed uni-
fomly oertre bbd aeaofthat)l Sk ). Ifeedh |l Si ware equally dase thel aaz aune
wauld be the diagoal re. B utifenpbymattdasity varies aaasil SA s thel aaz aine

wi il be boned eboe the dagoal e

Fguael pbk thel aarz anes Treadh of the yaars Wil Tabke 1 reparts the vabless
oftrel aae anes atsebded pants. T wo cts stand aut First, itis eddant that there
are huge disparities in anploymatt dasity aacss US metipditen aress.  Far instance
iNn 1994, the 10 pacnt of mcst dase metrgoditen bnd area acoounted Tor 4l percatof
total mettrpoliten enplbymeant?* Seaad itis aboevidantthat the disparity in employment
dasities wes gegier in earieryears. Farirstanas the 10 peraatmost dense metrpaliten
lbnd area acoounted Tor'57 peraat of total metrqpditen enplbymattin1951. A s FHgure 1
dons thel aarz ares hae bean shifing oertime tonad the equal dasity e T he
extattofdispanty, as messured by thet inl ineguality index el mare or ss steedi ly from
0.65iN 1951 ©053in1994>

P rdoebly many fectars aontributed 1o this deconcaration trad. 0 uraim is toevalate
4Far total metrgpdliten emplymentin agiven year; e used total employment (as rigparted in the CB P

o thatyear) Toraursampke ofastruced |l Sh s.
51 the spatial distributian of metrgpoliten warkers not covered by CBP is similar o that of covered

metrpoliten warkers, these shares shauld be a reesaeblke estimate ofthe spatial distributian ofall metrcpol

iten workers.



e ok that inasessing metrgpditen emplbyment and nsing aongsstian asts may hae
phed. I ggecaie metrpoliten enpbyment rcse 2.4 times betnean 1951 and 1994. I (es
we beliee) repidly nsing aogsstian held badk emplbymeant gonth in the infially dase
metrpditen aress, the dare of enploymatt acoounted Tor by the inftially dase metto
aress shaud Bl ad those acoounted Torby the inftially Ess danse metto aress shauld rise
Tabk 2 shons the enplymentshare ofil Sk s grauped by ded ks and ranked by theirl9 51
enpbymantdasity (i.e, tharinitial dasity).® Itis dearflon Tebk 2 thatemplbymant
shares have indesd shified in faaor of the inftially Ess dase metto aress. T he ) dassst
I SA s acoounted Tar54 peraantoftotal metrpditen enploymantin 19 51 butanly 33 peraait
in 19 9 4whi e the allective enplbymeantshare of the thi rd through the tenth ded s rose flom
37 pacatto57 paraait T hereis aboa deartendanoy Toremploymantshares to rise Ester
or lonerdasityll Sk s.’.

0 faurses temerefectthatdasell Sh s kstanpbymattshare o bEssdasell SA sdoes
not proe that inaessing enploymant and rnaing angsstian asts ware importent Bdors
in that develpmat 0 ther ctas have antributed © the invarse rIeltiaship betnean
inftial darsity and subbsscpentenploymattgonth as well Forirstanae the achattofar
aditianing may hae Ed 1o Bster gonth of the inftially kss dase “surbelt dties” by
making them mae plkessait plkecs o e ad wak 0 1, 199 7); minatunzation and the
develpmeant of ignedit materiab may have reducd ..1ms” inaantives © bate in the
darssst metigpoliten aress in ader © brer targpartation asts ¢ amnidk ad R eshan

(19 80)); the advant of the inexstate hidway netnork may hae accelrated enpbymeant

ST he..istnine gayps hae D Il Sk s eech and the ..nal graup hes 27.
7} similartendancy is discamibke in ungrauped dataas well




gonth in praviasly emoie ad paoaly careded bwdasity ll S s ((even (1978) ad
Colman (19 78)); adnance in pepkE’s preferancss in favarof kss urbanized Mingmay hae
macke bwdasityll Si smaeattractive B eale (19 77, 1982)). T hus toargue thattinaessing
emplbymatt ad rsing aangsstian asts Wes an impartant dor in the dsconcentratian
of metirpditen enpbymant; itis necssary 1O danastiake that the postnar inaeeee in
metrgpditen enpbymattis Gpablke of generating dedines in the 6 Inl index of inecuality
of the magnitude shonn in FHgure 1. T he dojective of the quantitative ganeral e Ebrium
madel developed in this pgperis 1o proice thatdemastration.

B efore proceeding furtherwe nead 1o addiress a potential aoncem regarding aur..nding
that enpbymait share of the kss dase metro aress Ise oer the pastnar periad. T he
aonaem is thatwestem aaunties t8d 1o aaitain mare bd area then aounties elbanhere
whidhimplies thatemplbymattdasities ohwnestemll SA s tad tobe lonerthen empbymatt
dasitiesofil Sh selbannare. B ecause paoulatian and enploymatin the pcstharpericd have
agonn ipidly in el est;. the regaal bias in the messuremantofemplymattdasity may
partly acoount o the repid gonth of (gpparently) bwvdasityll Sh sé

W hilethereis same tiuth o this ritmustbe remembered thatmany westemll S sweare
develped o mae Ully tBke advantege oFmadem transpartatian tednologes and may, in
tuth be biggerin bd area ten il SA s ebanhere. Stll © asure that the patiemn in
TabE 2 is notdmen by exaptically lxgell S s, we edudsd il SA s whase d arees
watbeyad thostandard deviatias oftte meen!l St bBnd area Eidhtll S s Ellinto this

gap, sixintel est’ T hisgae us asampkof289 Il SA s.

W ethankJoet yaurko Torbringng this 1o cur atienition.
'Thedditeddad !l Sk swereB aears.eld Cb ;D ubthSuperior Il | /W 1; FortW athvh dington, TX ;



Tabk 3 shons the enpbymat shares by dedles Tor the sampke of 289 Il SA's. The
..ndings rparted In T abke 3 are Torthe mast part, \vary dose o those reparted In T abke 2.
T he enploymantshare of the ... 1st ded E dedined fran 54 pacait© 35 percat whike te
akctive emplbymaitshare of the third thraugh the tath ded ks e filan 36parcait o
55 pacait H onever; because we have eliminatied saome vary lowdasity |l SA s that gew
repidly the gan in enpbymait share in the loner dad ks is sanenhat muted. 1N what

lbns weuethese 289 Il SA s as aurbasicdataset

1. Thell odel

W eneed amadel tbasssss the exiantiovnnidh inaeese in aggrecate metrpoliten enplboymait
wss respasible or pastnar enploymant deconcaatration. W e adgpted the system-ofdties
maodel desaibed inH endarsan (19 87) Torthis purmpae. T haere are o aconagptual dic eranas
betnenH endarsans maceland aurs. (i) we take the numberof locatias in the econamy as
eapasly gven ad . >ed in bBd area ad (i) we allowva lbcatians enpbymantdasity
0 & ect aongestion asts.

Thareael batiasindeedbyi= 1;2;3 oM adabcge numberofindividuak who
e and wakin these baatias. T he tedrnolgal gopatunities aa bk 1O these pepke

tharprekeracs and endonmatts, and marketequi ibrium aonditias are desaibed belon

Tedyology

LasVeags | V;;Phaomixll esg A7 ;Reg l V ;R vardideSanBemardng Ch ;adTucsan A 1.
01N all other respects, aurmaodel is arsiderably simplerthenH endarsan’s. T hesimplidty is oraed an s

becaLse we use estimaties of aggiomeratian and aongsstian parameters avda BbE in miao studies 1o render

te madel rumerical T his “calibratia’” step impasss Imitatias an the sgphisticatiaon ofthe madel
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T here is ae intematically ttaded good andM  lbaAal goocs. T he..im el producian

TUnction Torpraduang the intematiaally treded goad in lbbcatian s
Y = Ay (Vn®Ki® 0<B<1 €))

wheren and K are the Ebarand epital used by any .m in lbcalion £, IS an econamy
wide ted ooy index and A; is an index that Gsptures the impact of location an dty 1's
productian Ggpabiities. Farirnstanae the productiaon achentagss anfernred by bang apart
wauld be apturad by ahidh A5, as would prodmity 1 autputand inputmarkets. Finally
(N p isafunaion of lbal anploymatt, denoted N ;, thattakes into acoountthe productiaon

ad\entegs ofagglomeratiat
T D= maxdl N 50 N min . 050> 0 @

T his spad.. cation ofthe aggiomeration Tundian hes thoimpartantieatures. First, itresstricts
agghomeration eaonamies tobeaarstantbelbwvsane “threshold” belofenpbymatt N i
Seaaod itassarts that in the range whare agglomeratian bere. s are inaessing in oAl
emplyment, the ekstidty of agcplomeratian bere.. 5 wWith respect o dnance in enplbymeant
isaaarstait

Eadh lbcatiaon abo praducss a loal goad that aan be aasumed anly by oAl residentts.

T he lbal goad in bbcatian 1is producsd using a ted ooy thattis nearin the traded goadt
Gi= Gai 'Y (€))

H erex»; is an index spad...c o bcatian 1ad is meantio cpture the e ectof bcation an the

productian ofthe bl goad. Farinstanae hausing baing an impartant local goodt »; aauld

11



refect the asts of produdng hasing in bcatian 12 T he other B j 5 Is a Tindian that

maodek the axsts impasad by enploymattdasity an the praduction ofthe local good
i§= e A > @

where A; is ed area of lbcatian 1: T hus acoading ©© () ad (4), hider enplbbymait
dasity makes the productiaon of the local goad Ess e datt A n impartant prgperty of
e | ; TUNcian is that i's ebstidty with respect O anpbymatt dasity is inaessing in
enpl/metdersity.

d (j p)

TH A W FAD ®)

Exdonmats ad P rekberaas

T here are tho tpes ofindividuak those who onn epital and those who donot B oth
tpess hae ae unit of Bba tat they inekstically supply © ..ms in thar location of
residae. W eassume (Tartrecizbi Iity) thatonnars ofpirtal are immdol Band thar locatian
eagpasl gwven. ThareisamessureN | _ 0 ofoanears in bcatiaon i: T he total messure of
all indvduak is gven by N -

Individuaks who do notonn epital baate tomaxdmize utiity. T he utiity thetamdoi e

indvidual gets fram Mg in bcatian 1is gven by
Ui= %@ gpcit; 0 < p< 1 G

where g; ad care the indvidual’'s ansumption of the bl and traded good. respectinely.
The tnadian % (N ) is an amanity index that \kes acoount of aggioneratian bere. s Tor

asumners

12



1/4(N i): m axfil min,;N i,g; N min~ 0;, > 0 (7)

T his sped..cation paralkek the sped.. catian of agglomeratian bere. € in the producian
of the traded good ad hes similarproperties. Farsimplidty, we assume that the enploy
mat kel beyad whidh aggiomeratian bae. s Torasumears begn o inaesse with oAl

enploymaitis the same bwel as that Torproducess.

Equibrium Caditias

L etthe traded good be the numeraire. L etthe price ofthe lbcal goad in locatian 1bep;
tevware ratew ;; ad Etthe wald ietal rate an pital ber W ewllfoas anequilibriain
whidh there is a pasitive messure ofmadoi e individuak residing in eedh location. Famallly
W\e regul e

N> N§ ®)

U ity maxamizatian implies thatamadoi ke individual in location 1doosss g; = W p )

adc (1§ WwitT hus the indirectuti ity ofa madoi e indvidual residing in location 1is:

Vis WO 5 ¢ 0p i

6 iven 8), In equiibium wakers migate util utiity aacss baatias is equalized. T his
implies

WO QA 4 pitwa= Vv ®

W e assume thatall local goocs are supplied campetitively: T he praducars ofthese goods

‘e teanpb/mentdasity in eedh lbcation as gven. T harefae the price ofthe local good

13



in lbbcatian 1willegual its margnal ast
pi= »e U AP (10)

Tuming © the ttaded goad a..m that batess in bation 1 ke te bl of oAl
enplomattad the productwvwece in that bbcation as gven. ItaboEakes r as gven. In
equ ibrium, the productwace in eedh lbcatian mustbe sudh thattcthe pro. than produding
the tradsd goad is zero in all locatians. T hese zaro pro. tandiias ae

idi®

Wiz @O §0)D AN JFrTe 1)

Fnally the sum of Bbar supply aaass all locatias must equal the exagaasly gven

oAl supply of Eborin the econamy.

Ng= N 12)

Fl

D enotept(l j Ui R @A §0)¢i® 0 pyH (@;Y; ) and the praductof locatian sped...c
£otos »i' & ; by ST hen substitutingecpatians (10) and (11) intoecpation @) yiebs
H @) S EN ) &0 )& *R a7 = v @3

In wnat dllons, el eguatias in (13) ad eguatian (12) are ussd 1o sohe Tr e

M + 1 ukonrs N g i= 1;2;3 2M ; andV . T his proossoure assumes thatt the undoserved
distribution of immadoi ke individuak an alnays be spad..ed 1o satisly the inegualties in
equation ) Tor e bk OFN ; calalated using the M equatias In (13) ad eguatian
(12). Itis passible 1© proosed this Way because we assume that these adties an impartar
epat the traded goad ad the pital stodk fram eedh other ar tre resstoftte vword. I
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e goenecoaomy assumptian is dirgpped It wauld be necsssary 1O impase ecanaonywide
resauree balbncee aaditias Torthe treded good ad the gprtal stodk T he distribution of

immdoi e workers wi ll then matier o the determination ofeci lorium !

IV. Propertes of thell odel

T he matenal in this sectian proJAdes the badgaund o the numerical sectiaon o ollon
Equiibrium EmplymentD esity ToraSingkel ocatian
L et°=0 bedeoled by *; p=by +; ad (N nw+A) by Dz Then wsing 2) ad (7), te
Lhs. ofequatiaon (13) may be witien as a function ofdasity D

idi®

ViD)= H @;p;.) 45 ;' anaxtD** ;D g&i*L @

I'tis aneniattto nwakwith the logarittmic ttarsfom ofV (D) :L et D) be danoted

byd; KO byd sand Kl @;15.) S & &) bys;. Then
HViE')) ~ Vi) = sit (+ 7)) anaxli;ig i+ & 19
T hretincionv;(l) isattirnuas oertteatircrange (il ;+ 1) ad dic eraticbkeeery
V\rereemotolizlnlte(il;d_i) range Where agglomeration econamies are inssgtive

dangss in lbal anpbymatt the Tuncian is strictly deaessing and stictly aonae

@vi@d = @°vild’ = @' < 0 15)
H1feach immdoie waker in dty | oars K unis of pital ad his utiity nctian hes the same

fam ss that of mdoike individuak the total demand for the traded good in dty | wauld be Y,P =
[€ i+ e CADPN; + r@; § NEX T The supply of the treded good in dity i is Y; =
[Q § > XL A7 @ DI®N ;: Foradosed econany §;Y,° mustequal §;Y; ; which mears thatknond

edgeofN I and K wwoul be nesded 1o determine the eqpi ibrium employment leveks.

15



Inthe ( ;+ 1) range Where agglonaratian edonomies inaresse with local enploymantt, the
behaiarofv; retects the interaction ofFaongsstian asts and agglomeration ecaonies. T he

..Istand seaod demaatinves with respect ol oerthis range are

OvE@d = (C+ ) § @ 19

@'vi@dl = jr @' < 0 an

T hus vi(1) aontinues © be strictly ancave butbwith recadd o the sign of the . istdanative
o passibiities edst () Di _ (C + “)=+ a; equivalntly i _ HE + 7)=+]; in this eee
16 implies that the v;({ ) Tinction is strictly deaessing oer the rance [ 5+ 1). @) ¢
< HE + )=t]; in this e (16 implies thatvi(l) initially inaessss, readhing a oAl
madmum atd = (@ + 7)=1); ad then dsdines.

Foures 2(@ ad 2(b) illLstrate these 10 Gess. T hese Gses anse becase agglonera
taon econanies are relted o anploymaitwhi ke angsstian acsts are related toenpbymatt
dasity. T hus itis passibe Tora ampeact locatian 1o becone gute dase belore itatiars
te anplymait bwel beyad whidh agglomeration econamies inaesse With size. In this
Gsg Whidhis the.. isteese noled ebog, agolomeratian econamies aan shovwdonn the dedine
in utiity that coaurs with inaessing dasity but they anot reverse it (Figare 2(@). In
arsst a loation thatis e in bd aeamiditatian N, i, before it gets oo dase
In this s Whidh is the sacod Gase noted eboe, Inaressing agghomeratian eaonamies Wil
oerane the utiity dgpressing er ect of inaessing da gty Tor sane range oFenpbymatt
dasity (Figare 2(b)).

T he shepe ofthe v;(1 ) Tinctian beass directly an the passibi ity of multipke e Ebrium
enplymattdasities Torasinge location. T he dasities conespading 1 the pants where

16



thev;(l ) £nction intersects the haizatal “uti ity ak other- locatias” neare allenp Ebrium
dasity beb. In Fgue 2(@), whare the vi(1) Tuncian is maotnically dedining thereis
aly ae equlibrium dasity Bel In antrest, thare are tree equi ibnum dasity ek in
Figare2(b). 4 s usual the middle ecrilibrium, (Y ; is usteblke asmallinaesse ar deaesse
in dasity by rasing ar bonering the utiity bvel aboe abelowwnat mdol e wakers an
cetin other batias Wil induce Turther inaesses ar deaeesss in dasty. T he other tho

eqilibria (L add! ; arestebke
Equi ibrium EnplbymenttD ersities Torthe System ofF Cirties

T he purpcse ofthis sectian is 1 desatbe howvegul ibrium enploymentdansities respad
10 an inaeese in otal enploymant W e foas atlatian oy an stebk eqpilibrial? T his

restrictian is Tormalized in the olloning de.. nitian ofFa system ofFaties eoua ibrium.

D e.nitian: T he collection i $;v=; s;; 05N g is asystem of dties ecpiibrium if

itsatis. es the Ollonng adias.

Vo= sit B+ D dnaxBiSdg i+ @' 8i= 1;2; M 18)
Ai@'i = N @)

1l

152 GL: [ (HE+ )=tL+ 1) 8i= 1;2;5M (20)

Caditias (18) ad (19 ) are the egual uti ity and aggrecate Boarresaurce balbbncee and-
tas respectinely. T hese anespad toeguatias (13) ad (12) ofthe previas section. T he

stabi ity recpirementtis incaparated in aanditian (20). Fartte aeevihered’; < HE + 7 )=+];

127 his is justi..ebke an the graund thaturstebke eqrilbria (i.e., eqpiibriain which some bocatian is inan

ursteble equi ibrium) are “reear’s edge’” Geses.
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this codition prdhibits 1 § fran Mg in the dosed interal [ @ + “)=]]; @ donnin
Figure 2(b), this interval conespacs © the danain ofd ©orwhidh the v;(1) Tnctian is
upwnwad skping Farthe aase where (' - W + 7)=t] (20) doss notimpae ay restrictian
atall sincei 7 an then e aynhare an the real e | o restridian is nesded because in
this e thevi(l) Tndian is deaessingind oerthe entire real el

T he passibi ity ofmultipe steb e equ ibria campicates caomparative statics. T hese aom-
plicatias are addressed in the numencal ssction. Fardanty; the comparatinve statics resullc

is presatied anly Torthe e vhere thev(1) Tunctian is donnnard skping farevery location.

P rpasition (Canparative Statics): L et il v s N 1g be the initial
systam of dties e ibrium andsuppasethatfi ;v ;s;; (5N £ g is thenewsystam
ofdties eqpilibrium Tl 2 > N 1zl eth;= (N i=N 1) denote the (o) gonth
rate ofempbymentin baation i 11 > > HE + =] Bralli ten;> 1

Tralliandd > (] implies;< %; (seeh ppendix Torproo).

T his inverse reltiaship betneen enploymatt dasity and enploymatt gonth éan be
inturtnely eplEnNad as s, 1Tin eedh Ibcation aggiomeratian bare. 6 are saste o
lcal enpbyment (e, i1 > d; Trall i), then al pacitinaesse in enplymeanttin eadch
lIccationwauld rdise aggbomeratian bere. s by (1 + 7)) paaantin eedh bbcatian. 0 nthe other

hand sinceal percaitinassse in a bcatian™s enplymaitimplies al pacaitinaesse in
13T he presance ofthe stabi Ity Isstriction implies thatemploymentdasi ty ofa locatian may dnenge disaan

tinuasly in respase toa dange in an eviramenttal ooy, sudh as aggrecaie enplbyment Casaguently
sudh a system-oFaties egui ibrium may il 1 exdst Tor same paranetervalbes. H onever; because of the
Exte number of diverse lbcatias involvaed, this di¢ aulty is not encountered in any of the aomputatiaal

epaiments aandudced in Section 6
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is dasty (becase the area ofF eedh Iocatian is baing held .. >&d), the aost of iMng wauld
rise by (gpprodmately) + i in eech bation. T hus, the ast of Ming willl rise reltively
mare in dase arees. | Tutility oFa mdoi Ewarkeris a dsaessing Tuncion ofdasity in eedh
batin (e, 5> HE+ )=t]ralli), thenal perantinaessein olalenpbymattmust,
in equi ibrium, resultin a ks then 1 peraaitinaeese in enploymeantin dase bcatias ad

amare then 1 paaaitinaesse in enploymatin ks dase aes.

V. Parareter Selecton and Calibratdon

T herumerical sped.. catian ofthe madel desaibed by (18) - (20) involves dhocsingvalles Tor
three graups of parameters: (i) the agglomeratian related parameters, *; 7 ; and 1, (i) the
aongestian rekated parameter +; and (i) the locatian sped..c Bdars s; 24 W e use exdsting
miaostudies togude aursebdion ofthe agghomeratian and aongsstian related paranetars.
T he bbcatianrspad...c Bdars s; are determined by calibrating the madel 1 reproduce the
actual 1951 enmpbymantdasites forthe 289 Il SA sinaurdatasst

H onever; belore we can procssd with parameter selbction and calibratian, there is an
impartant preiminary step. T he aa bk estimates of agglomeration and aongsstian pa
rametars g\e the stragih of these ex ects in reltion to dangss in lbal population rather
ten balanpbymatt T haerelae 1o use these estimates e nesd t knowvhowvempbymatt

and paoultion are relted in aur lbcatias® W e usad the emplbymentdata or 19 79 and
MEath 5 is asum of bath locatiansped...c as well ss econamywicke \arizbks. H onever; sinee the ;s

drer aacs baatias anly because of dic erenass in the locatian sped..c\ariebles we rErtote sis a6

lcation spad...c aas.
15 ote thatitis notadMissble 10 Lse the (essily avd BbE) aggyagie enplbyment 1o pcpulatian ratio or

this pumpoe. Farae thing the demaggphics of rge and smalllll Sk s ted 1o be systamatically dic erat,
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e paoulation data torld 80 o gauce the reltiaship betneen enpbymattand pgoulatian
orarftllsstof2) 7 Il Sh sl W e regessad the logarithm of bcatian enploymenttin 19 79
aAarsta astaitad the Iooaitm of bcatian pgoulatian in 1980. T he skpe wes esti-
mated ©be 1.086. A Bg the maedian enploynait o pcqoulation ratiowss 0.32. W e use

these reltiaships belon
Estimates of A goglomeratianR elated P arameters

Reall that? = °=0 andd;= K ,:7A): Sincewe hae dsenatias an te brd area
ofeadhll Sk (Ay); we need estimates of®; ©; N i, and”™ aly.

L et’s begn wWith @ ; the expaatto Boarinputin the production Tunction forthe tracsd
good. U nderperfectaompetitian the equali ty ohnwagss and margnal productofEbarimplies
that the share of vallie added absarbed by compasation owokers is ® 27 A verace ®, as
messured by Bbar’s shareinU S ¢ D P, hes been abautteno thircs Torthepasell W 11 periad.
Since this estimate is relat\ely predse weset® = 0 67

Tobaxd® adN i~ Ve tum o studies thatatiemptto estimate the degree oFagolom:
eratian ecoanies TrU S aties. A sdisassad inll canan (1981), there are essatially tho
ways ofdotaining sudh an estimate. |n the .. 1Istmethad  the zero pro. taoditan Tor..ims

is used o celivara relatiaship betnean a lbcatian™ naninal wage and sudh daradenstics

0 there are systamatic dic erenass in the employmat  pqoultian ratio aacss Il SA s of dic exrent sizes.

Furthbermare as noled eardier; the Caunty B usiness P attern data do not coer all wakers so that the
emplymait o pqoultian ratio or any locatian in aur daa setis most ikely bner than the enpbymant

10 populAtian ratics reported Tor aggrecale data
1&5inee bnd areais notan isste herg we used the Ull setofil SA s rather then the restricted st
17Since the bcal goad is Enearly praducad Lsing the traded good, the share of Bbar's compearsatian in

te balgoadis® aswell
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&5 I'ts papulEtian size indLstry mix etc. 1N this gopraadn, an estimate of the aoe¢ adentan
pcoullion gze is an estimate of the stragth of agglomeratian eaonamies.  In the seaod
methoad the praduction TOndian is estimatied directly using data an valle edded. enploy
mat pital stodk paoulatian sSize industry mix etc. A gan the aoet dentan pqoulatian
Sze provdess an estimate of the stragith of agglomeratian econamies.

Tuming .. Ist  estimates dotained wsing the zaro pro. taaditan, note that the zaxo

pro. tadta (11) in aonjunctian with aggiomeratian fonctian (2) implies:

hhw;= astait + @il Mi‘*' o d@ilni(ﬁ\ﬁ °(®‘1nmind(1 iAi)

where n; is the natural kg of N 5 Npin is the natural g of N iand A is an indicator
Unction et ades an tteablel whenn; exaasck nginad (0 othernwse. | eo S\akauskes
9 75) estimated a reltiaship ofthis fom foreadh of14 tho dig tmanuectuningindustries.
HeusdSl SA pgoultian ratherthen enploymeantas aregessorad igxaed the passibi ity
ofthreshols (.6, assumed thatth is 1 Torevery dosenatian). H edoteined estimates of° @ i
that range fian ( 9116 ©0 9855 with amedian valbe ofaraund 0 948 (TebEIV, p. 404).18
U sing the estimatied reltiaship betinean lkbgemploymantad Iog paqoubtian foraurll SA s
and a Bbarshare oftno thirds, S\akauskes” estimates imply amedian estimate of° ofebaut

093"

H onever; Svakaskes’ estimates of © @@ 1! super fiom (at kest) o qopasite biases.

BT he datapertain allSll Sk sin19 G.
Yl camaw (19 81) adjusted Svakauskes” estimates of® @ i forthe dsened Ebarshare in eech industry

and regported estimates of © that range firan (106 0 1485 with a median \value of( 1266: H onever; a6
noted by Ciaarne and H all (199 §, the Cass ofll anufectures data oarstate valle added perworker in

ke dties and hence underestimate the warker’s share ohvallie added Tor those dties.
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First. he ussd anly a imited number ofhvariebles 1 aontrdl o locatian sped...c Botars Aj;:
B ecaLse there is pasitive dgpendanae betnean A; ad n; in equiibrium, the amissian of
reb.ant location sped...c ctars will biss the estimates of © @ i upward. 0 n the other
hand Svakauskes did not asider the passibi ity that agglomeration econamies may be
inrasitive o dangs in pgoulatian up acran kel (ie, the pasibi ity ofa threshod
ilkeN iy, Whidh may hae biased his estimate of° ® it doannvard?® Stilll the exiattofthe
donrnvardd biss is mudh s certain than the yoward biss thatalnastaartainly edsts adis
llely o be qute sgi.cait T herefag itis reesaebke 1 aaduce that( 9 3 is an upper
baud estimate of° - W e prased an the assumptian that S\akauskes” estimates suggessta
\ale of° betneen say 0 115 ad 0 9 3:T his implies avale oft betneen (0 1225 ad( 94 5:

T uming 1o productian fncian estimates, dosene that the lbcatian sped..c producian
nctian (1) in anjunctian with the agglomeration funcian (2) implies the Olloning rek
taship:

Vi= arstnt: i+ on @i+ Ongin®l A+ (Lid)k 1)
where y; is the Iog of lbbcatian 1's aerace Bbarproductivty and k; is the bbg ofits Gpital
perwakerratia 4 s befre A is an indicatonanisbke that tekes an thevale 1 ifh ; exasscs
Nmin ad zero athernise. D aid Secal (19 76 estimated a reltiaship of this Tom an data
fran 58 S SAsTorlIG. Heuwsad Sl SA pgulEian rather than enploymantas the size

\arisble and wsed atem ke © dh;; irsteed of°n; A+ Onnind( i Ay); O ke ino

20T he resson Torthe donnvard biss is as TOllons. [Tapoulation “threshold” exdsts, y; willbe Ess sasitive

todir erencss inppulEtiansize. | nestimation strategy thatighored “threshols” (and used the Tulhariatian
in paoulation size) would assign asmaller aet dentan pcpubtion © . € te reltive irasitivity ofy; 1

population size
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acoountdic erencss In praduciMity stiemming fram dis erenass in pcpulation size. H e found
messureble productiMty dic erencass TorSil SA s with pqoulatias ebove and belowv? milian
and estimated that dic erae 1o be abaut8 peraaitin faorof Sl SA s with a pgoulatian

oar? milion.

B ecause Secal used brced paoulatian categaries tomessure Sl SA size his estimate of
an 8 paaait praducivity dic erartial in feavarof lrge Sl SA s carnottbe ussd 1o determine
°:0 n the other hand his ... nding that praductivity dic erencss are discamible betneen the
gap ofSll SA swith pgoulatias geaterthan? milian ad the gap ofFremaningsSll SA s
may be intexpreted as evidence that i, Gnotbe any greater then 73 ;000 wokers?! W e
procsd an the assumptian thata plausibkealbe o\ i, Ganotexaasad 7/A4) ;000 .

W edd not..nd any usebk estimates of” - Farwantofsaomething betier; we setits vale

egaltol 91:

Estimates oFf CaxgsstianR elated P arameters

R eall that+ = | 45 where | is the share of lbcal goook in the hausehod budgetand <
is the paraatege dhance in the price of the lbal goad due o a uniitdange in enplboymeant
dasty.

Inaurmadel the relatiaship betinean the price ofthe lbcal good and enploymattdasity
is gven by equatian (10). T his eguatian implies the olloning relatiaship:

;= byj+ ©d®;
21y e used the estimated relatiaship betneen bbg enploymentand log pcpulation oraurl Sk s o deter

mine the enploy/ment kevel conespading o a papulatian of2 milian.
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R doadk (19 82) estimated a reltiaship ofthis fom usingdatafran 73S SA sTorld 73. She
wsed the bbgaritm ofthe averace residantial site price as the degpadantvariebe and vaerias
Si SA -gped..cctaas ad Sl SA paoulation dasity as regessas. T he aet dattan the
dasity \aticbk in her regessian is? § £10 i (Tabk 3 p. 1272). Sine the medianll Sk
emplymant o papulation ratio Tor aur bcatias is 0 3, R doad’s estimate of the dasity
axet dentimplies a <\ale of (gpprodmately) 69 £10i¢ :

T ogetaparspectinve an this estimate axsideranil SA wth enploymantdasity of4) 00
waters persouare mike T his . gure is abaut the upper Imitof the eanployment dasities
doserved inardalasst Farsudh anlll SA |, al paaaitinaesse in anplomaet dasity
wauld mean an addiiaal 49 warkers per square mike and an inaeese in the site prae oF
residential lend of gpprodmately 0 0294 (= 49 £69 £10 i) perant

R doadk’s pqoulation dasity aet datt messures the propartiaate inaeese In residen
tal site price gven a unitinaeese in paouatian dasity halding all the other fctors in her
rgessan astat Inalty aninaesseinll SA pgoulation dasity is lkely 1o be acoom-
panied by inaessss In ather nanhausing relbeled asts. Since we use < a6 the parameter 1o
pture all of the aosts assodated wWith inaeesss in aongsstian, we View herestimate of the
et datan the paoulatian dasity varabke as proiding a bnerbaund foraurmodel <

T oestimate|l; weused the 1! 72- 73 arsumption expenditure shares ofurban wage earmers
and ciarical wakers rieported in Jaados and Shipp (1990).22 W e summed the expaditue
shares an food  sheller; utiities (induding ek and public serviass), public transpartatian,

entertamant;, and sundnies. T hese categaries anaunied 10568 paaattoftotal hausshaold
22 Expenditure shares tad o dange over time. Since aurestimate of° s derived from astudy bassd an

1973 data we used the expaditure shares Torthe dossstada Ebke year:
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epadturss (Tabk 2, p. 22). Sinte sane of these campaaits are notatirely lbal we
estimate |l bel 3 :Sincewe beliee this estimate tobe relatively pradse wesety ol 3.
T aen toether; these estimates imply avallbe of+ nosmallerthen 39 £10 i -W e proased

o the assumption thataplasibie vale of+ is betneen 39 £10 i 1060 £10 4.
Calibration ofll SA -Sped..c Factors

T he..ralsip is odetarmine ttell SA -gped..cldars. T his is dane by dhoosing agolom-
eratian and aangsstian parametars within the rangss noted ebove and caallbrating the model
1O match enpbymattdasties dosernad in 1951 fareedh ofaur28) bbcatias.

T his step woul be straidghtiorvard butiorthe ctthat the doserved enploymattdasity
foreech baation mustsatisty the stebi ity restrictian noted in the de.niian of system-oF
dties equi ibrium (equatian (20)). Fareadh bbcatian, this restician dgpaxds anis bdareg
A, and anthevalbes ofthe agglomeratiat and aongsstian related parameters. |npartiaular;
itdoss not dgpad an tre lbcatiorspaed..c edtor: T hereloe o the aggboneratiatr ad
aagsstian related parametars are doen, thesednaass (alogwith A;) ceteminethedasity
zae tat attics with stebilty. T he di¢ ailty is that thare is no assuranee that acteal
enpbymattdasities in 1951 wll e autsice this “irstabi ity zae.”

Faure 3 illstraks the pradben Toravable ofN in = 100;000, T = 0945 ad + =
30 £10i¢. Itdves asatierplbtofali28y (50 ;) pars ©rl)51. T hevertical ireis erected
at h( + ")=t] ad the dagoal reis the 4 5" Ine. Farany scatier pant ing below the
15% ne and 1O the Eftofthe vertical fre @< (5< HE + ©)=+]:T hus, any pdntin the
aGss hatdhaed tiangular area volEiess the stabi ity restricion. Far these parameter daass
aqute a®wbcatias in 1951 had enpbymattdasities that el in the “instebi ity zae”
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T o proceed with the calibratian step, we nesd toempty autthe “instebi ity zae” T his
G be doe by ather bnaring 1 ; ar rasing £ (both ofwhidh cause the tiangular aGss
hatdhed area 1o shrink by a Eftnard mowe of its vertical side) arby rasingN in (Wnidh
asss the scatierplot to migate upwnward). Since we vanted o retain the ability tovary
and = within the rangss noted earler; we met the stebi ity recuiremantby settirgh i, NI
enauch sotatwth 1 atits T vale ad + atits bottom \ale there are no dosenatias
inthe“instabiity zZae’ In1951. W e found thatan N j»n \valbe of400;000 wes su¢ dattto
acaomplish this.

Fa aur baseline madel we setlN in = 400;000 wokers. Wesst® = 093 ad + =
4 5£10 1, which are the midpdnts of the respective rangss of and +.

T he calibration step was then perfamed as Tollons. W e .. ist namalized the locatian
soad...cEdorfothe dassst bcation wth mae tenh  invwarkers in19 51 1 2T han, using
this bbcatian’s area ad its adtual enpbymattdasity in 1951 (and the selbected vabes Tor
N minl;”, andt), we determined fron equatian (18) the implied valle of g utility in 19 51
(denoted v)). For the rEmaning loatias, we used thar arees,. thair actiual employmatc
dasities in 1951, and the caomputed vale of v, 1 sohe Tor the unigee Iocatiarsped..c

ctars from aonespading ecuatias in (18).

V1. FRndings

In this section we detemine the equilibinum I SA empbymant dagties implied by aur
madel when the el oftotal enploymeantin the madel is setegual 1o the lbvel of agprecaie

metrgpditen enplymattin 1994. T he equilibrium was Tound by costructing a mgpping
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fionv (- v§) equlibrium bgempbymentdasity freachll Sh . Farll SA sinwhidh e
19 51 emplbymentdasity wss in exasss ofi';; these mappings traced auttthev;(() bingbelowv
v - Faratherll Sk s the mapping may be discotinuaus and may trace aut anly portas
oftre v;(1) nction bingbelowvy 22 In any s these individuals mappings were aggre
cated o ganerate amgpping fram v 1o aggregae metrgpoliten enpbymant L ike individual
mappings, the aggregaie mapping is donnnard skping with (passibly) pants ofFdiscotinu
ity T he equlibnum wses Tound by bnering v untill enploymentimplied by the aggecaie
magpping ree towthin 1 peraattofactual 199 4 aggregate metrgpoliten enploymatc
Fgure 4 pts the actual (ad predded) L aarz ane I 1951 ad the actwal ad
predded L aarz anes TIr1994. Tabke 4 ripats the valess of thee L aaz aines at
sebcted pdnts?# 1tis dearthatthe maodel predictls mare enploymentdsconcanration then
actually doserved the predicted 6 ini index ofinecuality Torl99 4 is 0.32 as compared with
the actual ¢ ini iNdex oF0.53. W hy is the prediced 6 ini coet dattfor 1994 bner then
actual? T ebk5 shons the actual and predicied enpbymentshaxres ofil SA s (notll SA bd
arees) goupad by dad ks. T he maders pradictiaon Torthe .. istdad ke is the same as actual
and its prediction ©orthe third through the tenth ded s are doe o actual H onever; the
madel undapredicts the enplbymatshare ofll SA s in the secod ded ke by 7 percaatece

pants. This e disagoancy betneen the actual ad predded enpbymantt shares of
Brarinstancs ifthe 1951 enpbymetdasity is ata bel iked  in Figure 2(b), e mappingwill ttace

autthev; @ Tncion uitilv readss the bwel ofthe kink (in the v; @ Tonctian) and then jump ©thepant
that’s an the same bel ss the kinkbut o the rig1tofd‘; bnenalbes ofv will trace aut the v; @ onctian

hing below this pant
24T hevabes Tr19 51 and 199 4 in T ebke 4 may be sidhtly dis ereritfiam those reparted in T abke 1 because

Tebk4 is besad anasampk of28) Il Sh swharess Tabk 1 isbesad acnasampkeof2) 7 1l Sh s.
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reltively daeell Sk s acoounts orthe mudh bwerpredicied 6 ini coet date Still eapt
1o this impartantdisagpancy, the model doss reesaebly well atacoounting forthe postnar
decoaaration ofmetrgpoliten enplbymeant

T abk 6presants the madels predidian Torll SA s ranked by tarinial i.e, 1951,
enplymattdasity (the resuls presatied in Tabke 5 allbwspad.cll Si todenge dad ks
oertme). The2d mostdansell Sh sin1951 (the tp dedk) acoounted Tor54 peraantof
total metrgoditen enploymatt B y 19 9 4 tharshare had AN '35 paaant; butthe madel
predicts tattarshrarewoaud Bl 102 pacait | adkingatthe qopasite ead oftre dasity
sak we..nd thatthe57 bestdaeell Sk sin1951 (the bottom to dad s) acoounted o2
peraattoftotal metrgoditen enployment By 199 4, tharshare hed risen 5 paraait but
the madel prediced that tha rshare wauld jJump 115 peraait

T hese disagpandes Tarthe inftially mastand kestdasell Sk s sugpsstthatother facss,
sudh as tednolgal dange may have inaessaed relatively mae in e mastdasell SA s.
0 agpar ad 6 esar (1998) sugosst that improamants in elbconmunicatias ted oy
may Bvoremploymattgonth in adties ad other daese lbcatias. T hey age tatwnie
improamats in teboonmunication substitute Tor B2 o e attlects. they abo inaesse
the ned Tor all tpes of interactias ad so favor jdo gonth in dase aress. R el that
lloning the vest majarity of miao studies, e treait agglomeration econamies as afunc
tanofl SA enplbbymaitsize. R ecatly, Cicconeandt all (199 § have suggsted thathider
dasities (as qopasad o geater numbers) ofpep ke and jdos pranote innovation and ted 1o
Il dancge ad thereikae gonth. 1N reality these pasitive e ects may tend to sanenha

dampen the inaessss In aangesstian assts assodated with inaeesss in dagty and provce a
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passibke epbration Torthese disagpandes.

Finally the 0 parek in Figure 5 shawv madel predictias at the bvel of individLal
I SA s. Inthesepanekll SA s are alnays rankad (in desscading ader) by thairl) 51 employ
mattdasity Fgure 5(@) plots the acual enpbymaitt dasities Tor aur bcatias in 1951
and alogacde the predded enploymattdasities Tr1994. A Il lbcatias are predded o
hae higerenpbymentdasityin1994 thenin1951. A s aewauld epect thereis adear
TEedacy Torpredided dauty 1o rse propariaately mae Tor kss dasell Sh s (the oikes
in prediced enpbymentdasity Wil be disass shatly). Figure 5(b) plots the actual en
pbymattdasities Torld 9 4 alongwith those pradicied by curmaocel T he predidied dasity
plotis notas jagped as the actual ae; thatis many mae il SA s dianged thar rankdiings
(reltine o thar rankings in 19 51) in the data then in the madel In t&ms of aur mockel
in wnidh location spea..c fatars are calibrated 1t matdh 1951 enpbymattdagtes ths
ature undarsaares the importance ofFdangss In lobcatian gpad.. ¢ Baars in acooutting for
indvdualll SA empbymaittdasities in 199 4.

I evertheless, the Bt that dhangss in rankiings aaaur in the madel akall (es evdenad
by the spikes in predicied enploymattdasities) is nolenorthy. T hese spikes coaurbecause
offthe esdhbadk e ects aFagglomeratian eaonamies When enmploymantin a locatiaon inaeesss
beyadN ,i»and that lbcatian’s bnd arealis brge enaugh Tt obe ks then H( + 7)=+]:
Fgure Gillstratss this Badhadk e ettt Tor the Fresno metrpadliten areg a lbcatian that
epaiencd an enploymatt spike in aurmaockel T he & haizatal re is the aomputed
vZ®in1951 withd 2 = as Aresno’s doserved emplymentdasity in thatyear: T he botiom

haizattal ireis thepredided v© in199 4 andd ¥, o, is the predicied enpbymattdasity for
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Aesna B ecause the Ve e sno (1) Tuncian hes an inaessing segmatt. the equiibnum dasity

in 1994 is asidaably higerthan iitwaul be ifthat ssgmatwere ebsant

VIl. Semsitivity A nalysis

Inthis sectian, e examire the sarsitivity ofthe predictias ofthe baseline madel todnangss
int; 1 N ,ivand location spaed..ciEdas. Inpresaiing these resullls wealhays renkedll SA s
by tharl) 51 enploymattdasites.

Fgure7 plots the predidias ofthe model when all egcglomeration parametars are keptat
tharbaseline \vales butthe valle oft is \aried. In this plot. the middie barforeedh gap
is the baseline predictian vhi e the ... 1stbar-is the madels predidianwhen+ = 39 £10 i
and the third barits predictionwhen+ = 69 £10 i* -: T ointerpretthis plbotitis importatto
recognize thatt is notthe anly paraneter thatdangs aatss the thiree simublatias. Sincet
is used in the Galibratian step, adange int abo diangss the settings ofthe locatian sped..c
aos. Ths the pot retects diverencss in both + and inducad diveranass in lbcatian
soaa..cEdars.

T osartautthe e ects ofthese simultaneas dangss, 1ts ussiultoaasidartheepressian
fothe .. isErand (arimpact) e ectan tre uti ity el ofimdol Eworkersin19 9 4 ofadnenge

in+:U singeguatian (18), this dance can be wiitlen s
V(i)(1994) i vo(1994) = (S‘; is)i (J_,O it D)

V\rerev‘i’(1994) is the uti ity b el thatwoud preallin location i1ifthreemplbymantdasity of
locatian i1is held .. >ed atthe vale predicied Toritin 19 9 4 by the beseline madel (we denote
this predidied eoui ibrium darsity by d 5(1994)) ands? is the 1th Ibcation spaed..cBctonnhen
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the aongsstian parameteris set o+

T his eqression Tor dance in utiity hes tno parts T he .. istpartis the eeect of the
inducd dange in the lbcatian spad. c Bdorad the seaad is the directer ectofa dange
inz. FAgure$ () plbts the directimpacter ect ofa deaeese in + fron the beseline vale of
4 5£10 1 30 £10 1 :A swewaud eect;, thereis asubstantial inaeese in the uti ity el
ofmdol kwakears in the vary dase locatias reltine to other; Ess dase aes. ITthis wae
e oy e ectin gperatian, aurmacel would generate an inaeese in the anploymaitsae
ofFthre mastdernse bbcatian alog with (quite passibly substattial) deaessss in enplbymatt
shares of kess dase latias.

Tuming to the inducsd dange in bbcatian spad..c ctars, aur calibratian step implies:
Si i Si= BG°§ 1) G el )

Fgure 8(b) plbots the inducd dangss in lbcationsped.c Bdors. T he e ect of inducd
dangss in bbatian spad..cedas is raughly gopasite 1 the directer ects plotied in Hgure
8(@. Thisisimnutine. A deaesseint bners angsstian asts and dase lbcatias gan mae
fran thatreductiaon then ss dasedties. B yitself thiswauld imply a geateraonaaratian
ohwaters in mae dase batias. H oneer; since the alibration step facss the madel o
repraduce the (undnanged) enplbymattdasity Torld 51, this inaessad attrective Tarce of
lner aangestian asst mustbe aauntered by malkiing derse bbcatias Ess attrectinve reltne
O Ess dase aes. H e the callbratian step inaeesss the lbcatian sped..c fedors of ks
dense Iocatias reltve 1o the mare danse aes. Fgure 8 (Q shons that the oerall impact
e ectofa reducian in + an the utiity el oFmdoi Ewarkars is small Casaguaitly, the
dangss in enpbymantshare required 1o reedh anewedui ibrium is small
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Fgured (&) ampares the predicias of the bescline madel to madek inwvwhnidh et is
0923 ad( 94 5: BMdaitly variatias in 1 donotar ectanploymaitshares vary mudh. T he
same resulitis gpparentin Figure )’ (b), whidh aampares the predictias ofthe bescine madel
oaeinvwhidN hinis rdssd © 73 ;000 :W e aboinestigated whether the predictias Tor
1994 are sarsitive o dangs in the vay the lbcatian sped..c Batars are calibrated; . gure
9 (O amparss the predicias ofthe baseline madel 1o thase ofamadel inwvwhidh the locatian
soad...c Botors are calibrated tomatch doserved employmentdasities in19 59 .2° T he results
of these saativity analysss are summarized inTabke 7. A s is eddant, these dangs hae

vay itk e actan the madel predictias Torld 9 4.

T hus the pradictias of the beseline model aoncaming enplymeant deconcartration g
pear 1o be rdoust ¢ iven hawv hard itis 1o estimate these key madel parametars, the o
bustress is \vary gatifing W e shauld enphesize thatitis the Glibration step thatdelvers
this ioustness: e reurament tat te madel math te 1951 empbymentdasities Tor
any sebction of parameter vales anstrains howvmudh tre predicied enplbymentshares or

1994 an\ary in respase O tese sebectias.

VIl Inplications and Conclusion

T his artice lbd<«ed athonvU S metrgpditan aress ofdic erentdansities aosabead the inaeese
in aggrecaie metrpaditen enplbymeant oer the pastnar periad. 0 ur.ndings show that
digparities in enpbymait dasity aaas US metro aress hes Issaned substatially oer
te pasthar pariad. Employmatt hes gonn Bster in the inftially ss dase metro aress

ampared 1o the inftally mae dase metro aress.

25 In this caee the valle ofN i, Was albo raised 1500 ;000 1o satisfy the stzbi ity recuiremant
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W e agued that the pastnar inaeese In aggrecaie metrpoliten enploymatt wes an
impartant o udering this deconaantratian of metrgpditen enploymant Inaeese in
aggrecaie metripoliten enplyment ecks 1O deconaantratian because aongesstian asts nse
Hster o the initially mostdase metto aress then Tor tte inftially ss dase aes. Usinga
Galibrated \versan of the static systam-ofFaties madel we shoned that the 2.4 fod inaeese
in agorecate metrgpoliten employmattbetneen 19 51 and 199 4 was indeed a poneriull e
Baing enpbymeant decoaantratian. 0 ur baseline madel pradicts that the inaeese Iin
aggrecaie metrpaditen enplymatt by itself implies mae enploymeant dsconcatratian
then actually doserved. T he predicied ¢ ini et dattofinequality in enpbymatdasities
11994 is0.32 ampaed otheactalt ini orll )4 of0 53. W eabodamastated thatthe
predictias ofaurbaseline madel are \ery rdoustto dnangss in underiing parameternales.

W hatare the wder implicatias of aur.nding? In the past, eanamists atlempted
rekte the spatial disparsal oF enploymatt to dengss in tednolgy, preErences ar trans
partatian poldes. T hey Toasad an these fedars because they oarloded the epects oF
gonth in aggregaie metrgpoliten empbymatt an enplbymatt dsconcaratian. W e showw
thataosatany dance in ted oy, preberencs, arpdides, enpbymattin thel S waud
be mare deconcarated thenitis non: T hus, aur..nding keecs s o belleve thatdangs in
Bdnolyy preBEaecs ad ttangpartatian poides may have adted an net. o inaesse an-
pbymattancatration. Farirstana itis passibe thatthe improanaTts in transpartatian
infriastruciure (sudh as those resulling fran the ederal hidway pragram) reduced aongesstian
axts Tor g metro aress and sowves afedor kbeding togeatieranaantratian as well T hus

by determining whattwould have heppanad 1o the distributian ofmetrgpditen enploymait



ifall tndamatiak exaptaggegaie metrpditen enplbymenthaed remained undnanged, aur
study potentially i ILminates the tiue e ecs of pastnar dangss in ted ooy and tas
partatian paides an the distributian ofmetrgpditen enmploymat

W e andiuce this study by relening 1o the maaocsaconamic theme with whidh we begen,
namely anvergenee. A s noted earier; maatsaonanists have Toased an anverganaein per
Gpiainmmeaproductaacss regas. W ewsh tobring totha rattientian the phenamaan
ofanvageeinanpbymattdasities. W ebeleve these thophaonenaare dosely related
butedsting madek (Induding auronn) do notmake a aanectian betinean them. Follloning
B anmo ad Saki-l artin (1992), maatsaoamists have analyzed caonvargene in regadal
per cpita inaome as a cdlledion of dosad regaal econamies tragting 1o the sane ar
pcssibly dicerant;, steedy states; anvergenee Iin enpbymeant dansities is not a necssaxy
aasuence of these madek. 1IN aatrast we assumed perfect inter urban Bctaor mdoi ity
and astiess transpartation of the traded good; adjusted Toramenities and the asstofFiMng
tere is never any dicerance in aur macel in real per apita eanings of wakers aatss
M SA s. T hus, aurmaodel does notdisply anverganee in the sarse meantby B anoand Sakbka
-l artin. 0 faurse the assumptian ofperiectiEctarmdol ity is acaonvenientaosstractian, as
is the assumptian ofdosed reganal eaonamies. P resumably amare aamplete undarstanding
of egaal anvergene (in per Goita eamnings and enpbymatt dasities) waul reguire

arsideration ofthe imperiect mdoi ity ofFfeciars and goooks.
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APPHEI DIX
P roofFofP rqpasiion (Camparative Stalics)

To begn with noe thatd; > HE + “)=+] implies that the v;({{ ) Tinclian is strictly
deaessing in @ farall 1 so that there is a unigue equilibum dasity Toreedh lbcatian in
both the inftial and the nevweopi Ebrium.

() I oy doserve thatwith nodnance in ay A;, an inaeese in tolal enploymattimplies
thateguiibrium empbymantdasity mustinaesse in at bsst ae bation. Forsped.aty
suppceitrisss Tor bation P- 1 thllons thatvp < vl . T hen eguatian (18) (inthede.niian
of system-oF dties eqpilibrium) implies thatvi < vi ©orall iand hened} > (1 oralliss
vell Sinadl = bg+ 01 %> 1 orallic

(i) | ext dosene thatforany paroflbcatias 1ad g equatian (18) implies
1

ijVvi 22)

— /2
= Vi F

Vi iVi= V5
Sinced ;> 5 forall § substituting (18) into (22) viebs

E N T ENCRES (A T R EI G N T B GRS (G D)
Usingthe Bctthati? = g+ 11 thengives

GG D)+ ()= @ D G+ ) @3

I avsuppase thatd § > 4 5. Then forany aammanvalbe of: the Lhs. of (23) is kss then
its rhs. Furtbermare sinedl > HE+ “)=t]orall § te Lhs. and te rhs. of(23) ae
strictly deaessingfor,; . 1 andY; _ 1; respectively. 1t0lons then that (23) implies %; <

1/Z_i:



Tabkl

Selcted V alles of thel aae Cunves Torll Si Emplymeant 1951 - 1994

Cum. Share ofil etrepoliten Empbymente
Cum. Shareofil St Landh rea| 1951 1950 196 1079 1989 1994
T 1% Il csth erse 021 019 017 014 014 011
T5% Il csth erse 044 041 0.3 034 034 02
T 10% Il csth erse 057 055 052 047 045 041
T 20 % Il csth erse 071 0.6 065 0@ 0.8 058
T D% I osth erse 080 078 077 073 072 0.70
T 40 % I csth erse 088 086 085 082 081 080
TQp50 % I cstD erse 093 091 090 088 088 086
T 70% Il csth erse 098 097 097 036 096 095
T 0% I csth erse 099 099 099 089 089 099




Tabk?2

Shares ofil etrgpoliten Employnattby |l SA D edles1951-9 4
Dedks 1951 1959 196 1979 1989 1994

1st 054 051 04 041 037 033
2rd 0.10 010 0.10 010 0.0 0.0
3d 011 0411 012 012 0.12 013
4th 008 008 010 011 0.12 0413
5th 005 005 005 006 006 006
ah 005 005 005 006 006 007
7t 003 003 003 004 004 004
8th 002 002 003 004 005 005
Ith 002 002 003 004 004 005

10th 001 002 002 003 003 004
Il SA s ranked by 1951 enploymatdasity. Thesampkeatarns 297 1 SA s.



Tebk3

Shares ofil etrpditen Employmettbyll SA D edles, 1951-9 4

Bdudngll SA swthVeryl acel adh rees

Deaks 1951 195 196 1979 1989 1994

1st 054 052 048 042 03 03
2rd 0.10 010 0.10 010 0.0 0.0
3d 011 0411 012 012 0.12 0412
4th 007 008 009 011 0.12 0412
5th 005 006 006 006 006 007
ah 005 005 005 006 0.07 007
7t 003 003 004 004 005 005
8th 002 003 003 004 005 006
Ith 001 002 002 003 003 003

10th 001 001 001 002 002 002
Il SA s ranked by 19 51 enploymantdasity. T he sampke aottains 289 Il SA s.
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Tabk4

Selbctied V alles ofl. aaz Cunes Torll S Employmattc

1951, 1994, ad 1994 P redicted

Cum. Share ofil etrigpoliten Employment:
Cum Shareofil St L andh rea 1951 19944 cwal 1994 P rediced
Tpl% Il osth ese 020 0.0 0.08
Tp5% Il osth ese 041 028 0.20
T 10% Il cstD ase 055 0.40 0.3
TP20% Il st ase 070 056 0.43
TP D% Il D ase 078 0.6 054
T4 % Il st ase 086 0.78 0.6
T50% Il ostD erse 091 085 0.71
TP70% Il cstD ase 097 034 084
T90% Il o5t erse 099 089 095




Tabk5

A aual and P redicdedll etrto EmploymaitShares byl SA D edles, 199 4

Dadks A cualforli5l A cualforlii4 Prediced torldd4

1st 054 0.3 0.3
2rd 0.10 0.20 0.13
3d 0.11 0.11 0.12
4th 0.07 0.08 0.08
5th 0.05 0.05 006
ah 0.05 006 006
7th 003 0.04 0.05
8th 0.02 0.03 0.05
Ith 001 0.03 0.03
10th 001 0.02 0.02

* FarEadh Camnll SA sR anked by D eaessing EmploymantD asity



Tebke 6

A aual and P redicdedll etro EmploymaitShares byl SA D edles 199 4

Dadks A cualforli5l A cualforlii4 Prediced torldd4

1st 054 0.3% 0.29
2rd 0.10 0.10 0.07
3d 0.11 0.12 0.12
4th 0.07 0.12 0.09
5th 0.05 0.07 0.07
ah 0.05 0.07 0.07
7th 003 0.05 006
8th 0.02 006 006
Ith 001 0.03 0.07
10th 001 0.02 0.08

*II SA sR anked by D eaeesing 1951 EmploymentD ensity



Tabk7

Shares ofil etigpditen Employmentby Il

SA Dedks, 195194

I ooV D edles Ist 2nrd 3d 4th 5th a@h 7th 8§th Ith 10th
B ascline 029 007 012 009 007 007 0.06 006 007 0.08
High+ 029 008 012 009 007 008 006 006 0.07 0.09
L ot 029 007 013 010 007 006 006 006 007 007
High? 029 007 013 0.10 0.07 007 007 006 007 007
L ot 029 008 012 009 007 008 006 006 0.07 0.09
N min= 73;000 029 007 011 008 007 008 006 006 0.07 0.09
Calibratled ©195 0.3 007 012 009 0.07 008 0.06 006 0.07 0.08

*II SA sR anked by D eaessing 1951 EmbymatD asity



Cumulative Percentage
of Total Metropolitan Employment

Figure 1
Lorenz Curves for MSA Employment: 1951-1994
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Logarithm of Utility

Logarithm of Utility

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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Logarithm of MSA "Threshold" Density
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of Total Metropolitan Employment
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Figure 4
Lorenz Curves for MSA Employment
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Log MSA Employment Density

Log MSA Employment Density
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Figure 5(a)

Actual Density in 1951 and Predicted Density in 1994
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Logarithm of Utility
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Figure 6
v(d) Function For Fresno Metro Area
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Figure 7
Predictions of the Baseline Model Compared to Models
with Low and High Values of Congestion Parameter
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Change in Log Utility

Figure 8(a)
Impact Effect on Log 1994 Utility of Lowering Delta to
3x10* Holding S, Fixed
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Figure 8(b)
Effect on Location-Specific Factors for Lowering Delta
to 3x10*
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Figure 8(c)
Overall Impact on Log 1994 Utility of Lowering Delta
to 3x10*
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Figure 9(a)
Predictions of the Baseline Model Compared to Models with
Low and High Values of Agglomeration Parameter (i)
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Figure 9(b)
Predictions of the Baseline Model Compared to the
Model with High Threshold (N,,;,)

0.3

- |E| Nuin =400,000 B Nyin :750,ooo|

o
N
&

T

o
N
T

Share of Total Metropolitan Employment
o
2 &
T T

Hnllmanan

5 9 10
Deciles of MSAs Ranked by Employment Density in 1951
Figure 9(c)
Predictions of the Baseline Model Compared to Model
with 1959 Location-Specific Factors
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