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1 Wtrod wtonN

W hatcan aeinkErabautthe rok of jdo and warker® ons fran parel dataan the
Ebarface dyramics ofindividual esteblishmants matdhaed ownwakeridatti es?
P reiminary amsvnars 1o this question are rasad in this pgper. Essattially the
ideapragposed hereis touse asynithesis of the theaetical costructs Taurnd in the
raaat ierature an the ® ons gopraach™ o e ibrium Bbamarketanalysis as
develpad in Pissarides (990 ), I ortersen and P issarides ((994), B ertola ad
Caballero (994), B urdettand il artersen (998), ad B atiamps etal. (998)
as a tod Tor analyzing the reatly ava Bbe matdhad employerwnworker panel
data desaibed by A bond and Kramerz (999)-

A simplke framenak Tor the analysis of the reltiaships betineen hirg, by~
aR), and auit® ons ad thair determinants desigied o eplEn the evolution of
ssteblisitmernt size is presaiied in the pgper and sstwithin a synithesis of the
search and matching e ibrium framenorks - Folloning the argument of ldsan
ad 0i (999), the epbration Tor Bbar Tate size d®yenass studied in the
paperis heterogaaty in emplber productivity. H eteraganaty of this fam is
akbko nesdd 1o undarstand the bdaviar of jdb ° ons es doaumanted by D aus,
H altvvanger and Sduh (996)- A n implied pasitive aoneltian betineen the
wece paid and plantsize Tor both a bi ateral bargaining rant sharing model of
waoe determinatian as assumed by P issarides (990 )and adynamicmanqosay
maodel in whidh eedh enplyer posts awace aRer as inB urdettand il ortersen
@998) is an implicatian of the hypothesis! W ithin the fiamenark studied,
mare praductive esteblisimants hire at geater rates, pay betier, eaiaxe
bnertumoser rates, ad, as aaasaquae, govioa bEgersize in both Geses -

T he behaviaal reltiaships of the madel, gpprapriately apprecated, deter-
mine the distributias ofwage aiars as well ss market tigitness ad te bel
ofempbymerntuder atherwage determination hypothesis - B ut, market ighte
ness, unampbymeatt, and the wace cRar distributiaon provde the infamatian
that agnits use 1o make seardh and reauitingdedsias- A proofthat a ratio-
ral epedatias market equ ibrium exdsts T both the it shaing and wege
posting madek afwace determination is the prindpal thearetical resultof the
paper-A damastatian that the equi ibrium behaviar ielatiaships and agge-
cates can be estimated usingmatded ava Bble matded jdonwarker® ovdatalis
the mae aignal ad interesting axtribution - In sum, the goal of the pgperis
the deelpmant ofa theaetical market e ibrium gppraech Torthe enpirical
analysis of matded empbyer-enpbyee data

Insectian 2 , adynemictheay ofen esteblishmat’s Bbaforaesizeis asated
by mergng the theory ofFgotimal workerseardh eRarowni th the theary ohvecancy
aeatian.- T he resultis a darecterization of esteblisiment Bbar face size, n;
as asimpke birth-death®™ll arkov proosss daracterized by a hiring fiecuay,

1T he existenie ofthe rebtbrehip isi ocumertel by Brow nard Il el 0® (1989) Hrthe US.
Bortempset aL (1998) ari Abowd et al (1999) demorstrate that the rebhtorghip exass
iNFrane, B brnnh°ower et all (1996) provi esevi enne Br the rebhtiorip int rghri , ani

Abraek (1998) art B irgky ari W edercpari -NeEen(1996) show that p hri sze eRectson
wagesare ofam ibr magritul e inDerm ark.




h; and separation rate, d- In the spedal se of astant margnal product per
worker both are indgpendaitofn and the invariant distributian Torthis proasss
isP dssocnwithmeenequaltoh=ad T he epected fiecpendes withwhidh avnworker
raE\es arars and an empbyerremEves jJdo gpplicants as well as the distributian
ohwage aRers are regarded as gven by eech individuall egentbut are determined
by thar adliective activities. A n eguilibrium is a set oF otimal agait actias
that graraie the market® ov parameters and wage aRer distribution that alll
the agaits expect. Equilibrium is de ned and existance prook are proidad in
sectiaon 3 for bath the et sharing and wage posting Geses- A s notled abowe,
the madel impliss that an eanpbyer’s Boar Tace size is a knonan stodestic
proass.A  reaursive maxdmum kelihood estimatian strategy based an this fect
is devised in sectian 4 of the paper- U nder the stralegy, seardh and reauting
bk Toreach enpbyertype ad the equi ibrium distribution ofiwnwege cRars are
idati ed-

2 Labor Force Dyramks

21 Search Strategy ara R eervationW age

W aters doose aoaptance ad seardh straleges 1O maxdmize the expaected
presaitvale of thar onn TUture inmome stream . Letr _ | represait the
aonman discount rate ad EtF (W) represatit the fiedtion of vecandes that
aRervwace W ar Bss_ T he warker’s maximal valle of a match with that pays
Waoe W sohes
& ++0 W) %
Ll =max R wr=& 1

D=2 1 s madi @l @D iV WF @iw® O
where | sis theP dsson rate abtvwhich autside Gears amive gven seardh intiersi'ty
S, Gv(&) danoies the ast seardh eRat,, + is the ex-ogpos jdo desstructian rale,
adU represats thealle ofuremployment. T he reltiaship & ects the fect
that the wartker anly quits when an autsice giar hes a hidervalle then the
aunent jd ad the ot thatworker’s eqpected presattvalle of future inaame
alk U mrmost{}Mm%nJrs-SimibrytE\alecfu’an%nmtm

2 4

W =max b+ s [maxii @xUiild Wic® @

where b represartts inaame when unamploed -6 iven that the aRerdistributian
hes abaunded suppart;, the exdstance and uniquaness ofainasssingvale Tunc-
tionW W) ad an assadated \valle of unampbymattl  is aasagquance of the
foct that both can be rpresated a5~ >ed pdints of arractian mgps. Cee
I artarsan and P issarides (999b))

0Orecan rem{lelheBellnana:;,alim Oeas y

Zw
W @=mx wic®+.s M @il Wid @il Wil



wharew denaies the uppersuppartofthevwage arerdistributian - Casaequently,
1
W D=

r+ £+ s@jil if Wl
by the envelpe thearam, whaere )
Zw
siW=agpax s [ @il W @i GO

is the gotimal dhace of search eRort.
Integratian by parts ir(nples

Zw )
sy = max .s W @i if @he iG.6 (&)
C Zz. ) )
= mex .s [l if @pe § G

s_0

w r+x+ s@)l if @]

H enae, gotimal seaxdh eRortis the unigLe particauler solutiaon © the adinary
d®yatial eqpatian
il if W

WSO D= —— LSQL i F @l

axsistentwith the baundary aondiian @GG@)) =10 :4 s an implcatian, s(v)
is deaessing and d®aartticbke iff (W)is acotinuass.

W hen urempbyad, the tpical warkeraaapts an aReranly ifitis nosmaller
then the resenationwage A s the resenation wage equatiss theval e ofemplby~
meat o theale ofunremplbyed seexdh, denoted by U ; acoptance requires that
w _ R vwhare the resenation waoi, R ;sovess U =W QR X 6 iven thatawage
aReramives at rake | s and thatwace is a randan drawv fram the distributian
ofcrarsF ,U sohes the B ellnan eguatian

Yo Z Ya
W = mX biG®+.s [maxii @Uiilkd @)
- ( rd )

max biGE* . s i W @iV I W

where bis the unempbymatbere t fagre when enpbyed adW @ D)=U
is the de nitian of the resenation wace- H ence, eguatias () and @) imply
that the scardh intlasity of an uneampbyed warker is the same s thak of a
warkeranpbyed at the reservation Waoe providad that the resenation Waeoe is
the uemploymeaitbeare t,

s =s®) @

whidh in twm implies that the resernvatian waege is equal o the unemploymatt
bae tifthe bnestwage aared is the unemplomattbae ti e,

R =bifw=h (&)



2 2 RecruitirgStrategy aria Wagce O ®er

In this subsectian, a theary of reauting bdaeviaralong the inss daveloped by
P issarides (990 Dand B ertolaand Caballro ( 994)is usaed toderive an gotimal
ssteblisiment hire ° ov. Each enpbyar reauts new workars by posting jdo
\acandes, a numberdanoted by v 2

Empbyars d®x in productive etdaxy.- L etp represant the productivity
of a jd-water matdh and 1 Q) represat the messure oF employers with pro-
ductivity equal to or kss then p: A Il workers are perfect substitutes and all
hae the same autsice qption to anployment draracterized by a conmaon reser=
ation wage R = b as esteblished above. Far the monent, Et the pair @;wW)
daracterize and anpbyerwhare w iepresats hervaeger GRer

Let” 5 ad’; s\W) daote the fiequendes with vwhidh unemployed wark<
ars ad enpbyad warker respectively goply Travecanoy. A s all woikers are
idatical, all wages aRared in the market by partidpating emplbyermustbe ac-
aptebke uempbyedwokars _H onever, becase an enploed worker acapts
anlyvwhen ciared ahigerpaying jdo, the igie atbvhich avecancy cReringwege
wis matdredwithsanewateris 'y 5 + 7 V‘C’s@)ﬁ @OvhereG W represatts
the fiaction ofwarkars eanw ar ks, i e, thewage distribution . Each enpbyer
pcsts the number cRecandes thakmaxdmizes the expected presatvalle of the
“1m'S future esh ° owvattributeble 1o reaui ting activity - Famallly, the rumber
ohecandes posted sobhes

Yo Zn Ya
hew)=max Vs + 7 s@b @QPEW i (D) ©
where Xp;w) denoies the epacted presentval e of an empbyad worker gven
the enpbyear’s produdtivity p and wage w ad G (V) is an inaressing, thice
d®atisbke, ad strictly aavex astof reauting functian.-
B ecause an emplbyad warker aui'ts when ahigherautsice cieris located, the
empbyers ale ofa aritinuing matdh soles the B ellman equatiaon

AE;W=p iwizJPi.sW)l iF W)HDPEX
Equiveltly,
piw .
r+ ++ s@)jl ifF @I

A flersuostitution forthevale ofa 1 jdb fram (), equatian G)implies that
the gotimal number ohvecandes pcsted by an enployer of productivity p is
(A Ry ! )
[vs+ 7 S@E @I
veW=agnax L e S 0iWVia® 1 ©

2Vacan ieshere are b etter meagsrel byaniri tator ofrec ruitirge®ort rather thana court
ofJob operirgs e g, the voLme ofwart al swilld o

JP; W)=

@




T he soLitian t)lresutdent_lstaoer aditian
19+ 7 o s@bB @K i W)
FUEWD= : r+ +1+ _S@V11 if - ®

t+ if Wi

In a BEbarmarketdaracterized by fiictian, thewace rate ciared by ary en-
plyeris essattially indeteminate®  Folloaing P issarides (990 ) amang others,
ae migitsuppce thatthe wage is the autcome oFasimpe bi Btexal barcaining
prdolm - Fareample, suppcse thatwhen an unemployed wakerand enplbyer
meet, the watker makes awage demand with prdosbiity” and the eanpbyer
aoapts ar rgjacts - Canersely, the empbyer sets the wage with ampbmentary

prdoabiity! § ad the worker acopts or Igjects .- | Fnegotiatian encs after
the straud, the expected autcame yiekss the simple Inear rentsharing ruke
wE= p+ ¢ i R ad

bacause eedh aggt will demad alll the rent when he or she hes the poner
1O st the waoe. || ofe that the rieauting eRort under the rent sharing waeoe
ruke v(;wW()); inaresses with emploer produdctivity p fram Q) gven that the
emplbyear’s eqoected share ofmatch et is a fraction.-

Irsteed of sharing the rent, B urdett ad || artasan (998) assume that
empbars post the wage they pay all anpbyess axe and forall ad thateadch
warker oy hae the poner 1o acopt ar rIgect. B ecase the anpbyer sets the
wace as Well s \vecandes tomaximize pro thon reauiting activities as de ned
in equatian @), tewvage p?;!mg ruk is de ned by )

A R !

15+ 71 ws@B @l

We=agNa iy se ar e €W 0 D

B ecase tte 1stterm, the productofthe aoogotance praoebi ity divided by the

rate atwhidh match ratis disocourtted, is inaessing in the wage GRer, theware

ruk is vell de ned. B e implicatian, reauiting eRort v(Q; W) abo inaessss

with enpberproductivity fran eguation Q) ad the envelpe theaem uder
WECE posting-

Fally, itis useiil 1 note that the produdtivity of the margnal employer,
the smallsstwage aRerad and the resenvatiaon wWece alll egal the uremployment
bae t b uder @ther wace setting ruk if enploars exdst with procuctivity
sightdy higherthen the bene t. Famally,

w=p=R =bifl@+ D> 0 Trallsmall"’> | : ())

T his resultis implied by @), ¢), ad the wace Uk in eech cse. | anely,
beasevw)> &)1 asp> win both Gess, vO,WE)D =10 5 p=
wp)=w=R = buderboth the rat shaxing ruks, egation (0 ) ad the
wece pasting ruk (1)- T he gual catian is nesded in the rent sharing Gase
beasep=p i@ )=0 orsanep > bad, tackoe, w=w{ )> R > b.
A hauchw=R = balays in the case ofwage posting, the quall caian itis
stillnecsssary farp=h

SSee Il ortergnani P ismri es(1999h) Hr a more extersive d evebpmert ofthispoirt -




2 3 Labor Force Ske

T hatemplberproductivity, waoe and Bbarsize are all pasitively anelated is
awell doaumented stylized et In this section we demastrale that pasitive
assadatias betnean any tho ofthese threevariebe is implied undera thernece
determination hypothesis -

B ecaLee in any sut=deantly small time intenal etherawarkeris hired, ae
sgparates ar rdtherevattooaurs, Bbarface size is aspadalll akos danan
the integars knonn as a birth-death praess - Famallly, an enmpbyer’s Bbarfaae
size Th(@ evobes as astodsstic praocesss daracterized by the birth™firecuacy

ZW

h@W=[,5+ ", s@bQ¥E:W) ()

ad a death™ rate par-eanployed warker
dw=z++ s@il if Wi a4
Itiswell knonn the distribution ofthe TUturevalbe ohinM®avags toaP dassa

with mean
R
- T4+ 7 WS :

E g = N@)= hewoy [0+ "1\ S@OL QY0 W(D)): -

aE) £+ s@Ml if eI

at! 1 oraywyintal\vales Ges, Felbr (968)). B eaLse the acoptance
prdosbi ity inaeesss with w, the quit rate deaesses with w; and reauting
eRort v(O; W) inareese with p under ather wage determinatian hypothesis
imply that the Bbarfarce size n(W) inaresses with both productivity p and the
waoe WD)-0 Faourse, the pasitive assadatian is induced by the et thatmare
productive empbyers both pay a higherwage and enpby mae wakars in the
Ibgrun.

Forfuture ieerace, ituselul todarive the s ofmotion Tarthe praosbi ity
that the Bbarface size wi ll Ble an any partiaubr intecer\alle in the future.
T he asgumentis based an the Bt that aether avwarkeris hired, awaoker sp-
araies, ar rather heppas in any sut-datly shart periad of time_ A ny other
dhance in sizewaud ilvolve sane aaombinatian ofindgpendanthire and separa-
o evants, the praosbi Ity ohnhidh venishes relative tothe lbength ofthe periad
&s the pariad bboth itselfanvergs tozaro.

Indeed, the prdosbi ity ofa trarsition from a Bba e sizen 1 oaeof
ninawyswdaity shattmeintenalof Bgih¢  is gpprodmate ecal ot ;
the pradocbi ity of rarsitian fiom size n+ | O nis goprodmately din+ 1)
and the prdoabi ity oFmaking a trarsitian fran any other Ebarfae size ton
is of adert 2 arhiger. H ence, the prdocbi ity that the Eobar force is of size
natdale t+ ¢ ; daoted ss p @+ ¢ ) aoditiaal on the distribution oern at
timetsatis &

P+ ¢ ) = prj ©F + p ©d+ 1
+L i jd¥ @O+ of )

7



foralln _ 1 ad

pEtd=p@® +[1 ik h O+ o€ )

wereof X ! 0 a¢ ! 0:Inatinuos time the distribution evolhes
acooding to the bas oFmatian

o € D i pr®
¢

= Im

[

=hon; + @+ 1 by § GO ndp, (6)
orn_1 ad

B =ch ih: an

T he iniariant distributian is the steedy state solLitian 1 these d®antial
equatias- T he steedy state aaditias imply

_Hb‘ﬂ
ad
il
_Grdp i _1tht
2d 2 d i

Pn
THL BT
= - = = — orn=1;2
n d Pt n! d R
Finally, because
3 2 M
SOTR G g TRE

the inariantdistribution of Bbarfoce size gven hiing and separatian raiss is
the P dsson distribution with meen brd, i £,

ei(fFCDubﬂ”_
nt d -’

Prcdd= a8

3 Laborll arket E quilb rium

31 Thell atchirgP rocess

T hexarias mesting rake parareters, | ;7 ad’; ; aeintenelbied thrauch the
procsss by whidhwarkers and jdo vecandes mest_ S uppcse that this proosss aan



be represartied by a matdhing function that trarskams matching inputs, seardh
and reautingeRort;, into an aggrecaie mesting® oW emade thoasssumptias
thatsmplfy the analysis tatlbons: ()T he seardh ekt dfFunemplbyed ad
emplbyed warkers are perfect substitutes for ae another. @) T he matching
Tunction eibits astant retums - B ath of these assumptias are standad in
the search and matching egp ibrium Ierature. Ceell atasan and P issanides
(999a1999b))

T he martet meeting rate is the valLe of the nearly hanagaas matdhing
fuctianll ¢ ;S)whare

Zp
V= vowpd @ &)
P
represents the agprecate number divecandes posted,
Zw
S=us+ Ciw s@btWwx Q)

U nderthe usual assumption of random matching at rates propartiaal 1 onn
seardh (aauting) eRort;, the mesting frequandes per unitseerdh eRortand per
\vecanoy respectively are

H |
N D JE
S T—M, S,l ﬂm@),
R e
oM, T g T \ll
_ @S Cius@) _ m@ T i us@)
sy, v S n S
where marnetiginess is represariad by the ratio of reaaurting o seardh eRort,
R
v w VOO @

— = R— - 2
S us+  iW o S@IB @D €

32 Steald y State U remp bymert ari Wag Didrbuion

B ecaLee all aRers are aoaptabke 1o an unemplbyed worker;, the unemploymeant
rate that en ates ° ovin ad aut ofunemplbymant;, the steedy state, sobes

u + +

iU .s sm@
fian @) ad @1 )-B y substitution fToru in © 22), |4 sohes
h R i
o+ mE) wS@XB @)  Fw
T smO =, vE;wE @ Q@3




g\en the seardh eRart and vecanoy Tundian- B ecause mQ) is inaressing ad
axxae, the Efit sice is maotoe inaessing in 1 ad is zaxo ifad aly if
p = 0:Henae, thare is a unigque solutian Tor | gvan ay seardh eRort ad
vecanoy Tunciaon pair GV @;wW)-

A s thesteedy state messure chnarkers eamingw ar kess, G (W) balenass the
° awvohwarkears into and aut ofthe categary, the steedy state wege distributian
Tunction sobhes

Zz

G @D+ 0 iF @ s@ds@v)=%

where the Eftside acoounts o the frection ofemploymattis the catlegary Who
are Hd a®pls the fractian who aquit o eke higherpaying jdos ad the gt
siceis the® awvinto the catlegay fiom unamplbymatteressed es afiaction of
employment. Finallly, the wege aRer distribution, the fraction ofvecandes that
aRennace W ar kess, is induasd by the vecanoy Tindian v (o; w)and the messure
of ms thatpay wage W) ar ss: Inde=d,

Rwed

vE:we)d @
F o= HKo— :
w VEWe @

D e nitianl 6 iven avaeanoy Tunction v) and a seardh inensity functian
s@W); te asscdaed Bbormartetsteedy state is the tidiness parameter | ;
distribuian F W), and wace distributian G W) e ned by equatias @3), Q4),
ad @5)-

== W D

(2

33 E xagene

In a steedy state equi brium, eech warker seexdhes and eech enplyer eauts
atgotimal rates t8king as gven the Ebar martket steedy state inducsd by their
aollctive ectias -

D e niian?2 A skady sk et sharing agpiibrium is a pair of functias
GWxv()) ad te asscdaked Hoor market seedy stale tat salisty te qp-
timality aondtias, equatias @) ad @), gven tat e wace is determined by
te Insar ientshaering ruke ©)-

I seardh ad raauting eRort are both essential inputs in the matding
process, ie,ll @;S)=I ¢;0)=0 forallS ad V; then atrivial no-ttade
e ibrium alnays exdsts .- Since the gpplication rate pervecaoyis " + 7 =
I @ ;0 )V =0 when nowarkers seardh and because the GRer amval rate per
unitofscardh eRartis , =!I @ ;S )S =0 when nroeanpberreauts, no trade
intesasetaty =S =( is an equilibrium because eary individual egait
o dtharsice afthe markethes noinaantive omake the eRartto nd amatch.-
B elovwe damastratie thata natrivial eou ibrium abo edsts ifa ttke seardh
erRortis astiess - Fatednical rees, we abo nesd thassume an unifform upper
baund onvecandes.-
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A ssumption! T he astofsearth G, (S)is strictly inaessing, stictly aanex,
ad thice d®yatticbke a [s;1 )frsane abitrarily small rumbers > (
ad )= &E=01 arals2[;s]}

A ssumption 2 T he astofFreauting G () is strictly inaessing, strictly an-
vex, ad thice d®raitisbE an [0 ;V]1or sone abitari ly Erge number
V< 1,6Q)=20=0 adag@=1 forv> V:

T heargumatiarthe exdstance ofan equi ibrium is besed an the Ectthat the
eqpi ibrium conditias de neamapping, T ; fram the space ofreal valLied vector
nction pairs F(W)= G@Wlv@wv) de ned an the compactintenal R ;W] call
itz ; oitelinhereR = buderthe assumption thatthere are polatialatratc
whowaud pay Ess then the resernatian weog, i e, 1 (©)> [ -B y astiuctian,
ay >&d pantofthe mep is an eguilibrium. To daie T, note that for any
T 2 z thesteady state Bbarmarketeguatias @3)- @5) unigely determine a
veotor (GF )2 < £¢ ;wheret  is the space of distribution nctias - L et T,
denoie this trarstamation- T he qotimality aoditias, eguatias Q) ad @),
cgaateauniqet 2z traydacdf(;F )2 < £ _L etT, represaitthis
mgp-Tosum wp then, attarsfamationT -z ! z edsts, wereTF=T;T,F
and any >ed pantf =T f is a ratsharing e brium -

In the cese ofF a messure of emplbyars arering wage w ar Ess, 1 (W), whidh
is antinuas, z is a subset of the space of aattinuos baundaed real valled
functian pairs de ned an [R ;W] with the sup nam, undert ssumptias! ad
2 .Famally, equatias @) ad @1 )imply that

Z_
B w [l if @he
CQV(S@V))_ m@) w I+ £+ m@e@)l ifF @l

orawy |- IFr@W)is antiruas then F (W) is abo aritinuas gven ay an-
tinuas Tndtionv Z[R ;W] < fran equation @4)-H e, the salutian s(W)
1O the equation eboe is a axtinuass mep fran teinteral R ;W] |[s;sR )}
Furthrermare, s@wv)! saesm@)! (0 ad

(23

A Z !
_ AW @be
S O MER@Y iF @) €D
5~ ((fm m@ﬁ’ iR )

where | is a uniform upper baund an passible ecpi ibrium \alues of market
tigtness implied by A ssumptias ! ad 2 ad derived belonv. 0 Faourse, the
“rstineguality is implied by the ot thatp - P and thakm)is inaessingard
thesacod by thefectthatr (W20 ;1 Js@) _ 0 - Insum, s@)is acatinuaus
baunded dearessing functian ifa uniform upper baund an market tidhtness
edsts.

W e pracsd toshovthata bound an markettightness exdsts underd ssump-
tias! ad?2 . First, note that the marketeguatias of Q1 )imply thatthe ™ 1st
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ader aditian forand interiorsolutian, equatian @), can be waitien es
3

2 R
H 1, ., W@
m@' , =+ M@ ,s@E @
GoOwWE)Y = 4 Re 5 @)
(2 H t+ m@) ,, sVt W)
£ P i W@ -
r+ £+ sGvEyn@il iF el
by equation @)- T he solutian is unigque, aatiruas and inaeesing in p ad
VR ) =0 forawy acoitinuas distribution functian F (W), a aaditian akeedy
established - 0 Faourse, Torsut-dently smallvalles of L, v(p)is at the comerv
sped edink ssumptian2 -
6 iven that @6) ad A ssumptian | imply that s(w) is unifamly baundd
belowby s and that 28) ad A ssumptian 2 imply v is unifamiy baunded
eboebyv;

- _V'@i*@l

B e
represents a unifform upper baund an ) by equation Q2)gvenawy f 2 z
Casauatly, we haae ampketed the danastration tat T -z ! z wharez
is asubsetofthe space afFaontinuous baunded realvalued functian pairs de ned
o [R ;W]

T heorem 3 1Tte messure ofempbyers of pralcinvity p or Bss, 1 Q) is an-
tinuas ad 1@ > (, ifFte dRerene ketheen the upper suppart of te pro-
ductivity distriboution, X, and e unemploymenttere € by is positve and  nieg,
ad if te cRer amival rake per unit of search m@)); is non-necaline,
increesing, aninuols and ancae, ten a na-rival rentsharing eg brium
edst underA ssumptians! an?2 .

P roof_Seethel ppadix-

34 ANt >ampk

P issarides™ ( 990 ) theary oFeqp ibrium unempbymeanttis a imitingeampke of
the grraral fiamenark. Sped callly, his model anespancs o the ase ofF anly
ae enpber tpe ad a astant pasting ast pervecacy- 1tis well knonn
thata unigue nao+rivial egu ibrium exdsts in this spedal ee-

T o daracsrize the eqrilibrium, ™ st note that the bed< oFwage dispersian
implies nosseaadh whikEemploed, i e, s¢iV)=0 Torw> R fram equatian @6)
beaausew=w is the nly wace aReyed _A s aaasaquance,

v epiu = WA
R = W =maxtbio® sm@W Wil
ap = PV

r+ +

12



fion equatian (), equatian @), the de niian of the resenation wvage U =
W Q@ ) adeguation (DwvWherep = pis the praductivty amman oallemplbyer-
H ence, P issarides™ assumptian ofil ash bargaining overmatch suplLs, i e,

N r O
w=agmax ¢ @il) W)’ ;

is the equivalnt o the inear rietsharing ruke e ned in equatian Q)2
Equi ibrium martkettigitness is determined by ecuatias @8))and @), e
1N hare as theP issarides (990 ) Tree atry™ aaditian

3} _piwd

m@)  r+:

where a = Q@) is the aostant ast of posting a vecancy and the agorecate
rumber of vecandes posted by all enpbyars is implied by 1 = V=g u fram
equatian 22)- B ecause search intasity when unempbyed sobes the ™ iIstader
adition

pPiR~
r+ £

=Ci)

6 I=mEI GE»ivIFEmE L1
fian equatian Q), the resenatian wage Gan be eressed as

R=biaG)sQGX

A naaivial eguilibrium is any tipke ;5 R ) that satis es these three
equatias ad the assadated steedy state unampbyment rate is

+

YT ivem@

6 iven thatm@) is inaessing and aancae, the ™ iIst equatian implies a nege
tely skped reltion betneen R and 1 whidh ies in the pasitive quedirait_ A s
5 &G )i oG )is naHegative ad inaessingin g underh ssumptian 1, the
saood and third equatian imply an inaessing reltiaship betnean theR ad
p sudh thaktR = bwhen p = ( : Casaquatly, a unigue pasitive solution for
Qs R)edssifxijb_0 .

D

35 Wag Pogiwrgt quilb rium

Insteed of sharing the rent;, B urdett and Il artersen (998) assume that en-
pers past the wage they pay all enpbyess ad that eech water oy hae

4 How ever, thisequiva Bnie resuk hol sorly inthe case ofhomogervusemp byers. INthe
heterocerouscase, workersemp byed at Bssthanthe hiches wage o®erel w illarch w hik
empbyel . Becaus emp byel worker'sd orit accourt Br the bssinrerissaRerel by their
emp byer w hena quit takesp bce, the Nash barcairirg @ Ltiornw illb e st to partia il 0@t
thisexterraleRect of=arch onthe pb -
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the poner 1O acpt ar iIgect. B ecase the anployer sets the wace a5 well ss
vecandss o maxmize pro tfionm reauiting activitiss as de ned in eguation
®) te Inear mtsharing ruke, equatian (0), is replacad by the wage posting
ruk, equatian (1 ), whidh maxdmizes the eanpbyer’s expected futuire discounted
pro tattributebke to enplojingawater. T hat aandition can be witlen as

W)= aigmaxtE i Wy @ &)

whare the anploer’s steedy state Ebarsupply™is
R
st V_\:,VS@)ﬁ(Z)
re s+ SO iF @ . 3
H MR T, £+ m@ o'sext @,

r+ ++ s@jl iF Wl ++ m@)“_vvv"s@)j; (7)) €

W = (€2))

fion equatias Q1) and (Z2)2 T he ot thata hignerwage inaressss the prdo-
abi ity that an enplyed goplicantwill acapt and deaessss the rate abwvhidh
edstingemplbyess quttotakehiderpaying jJds, theemplbyerhes andd eplats
dynamic maqpsay poner- o

A Bbaormarketegu ibrium with wage posting is de ned as Tollons:

D € nitian4 A steedystaewace postingani Bbrium is afinction tpke GGV @xEwWR))
ad te assadased Hor market sieedy stae tat salisfy te gotimality andi-

tias, eqelias @), @), and @GL)-

A sdanastraied by B urdettarnd !l artersen (998 ) and by B attlamps etal.-
998, W) is unigue, strictly inaessing, w=R ;adR < wp)< pwente
distribution ofp is atomkss justas in the Inearrantsharingease? Furthermare,
the gotimal vecancy ddce, which solhves @GN =max, ) T i w)‘@v)_; is
ako inaessing in p: Casaguently, the number ofvecandes posted by a m
aRaring Wace W is abo inaessing- B ecause the waoe posting wace ke ad
vecanoy policysatis & all the same gualitative praperties as under iantsharing,
the exdstane ofanartrivial wage posting e ibrium folllons by essertially the
same argumatusad eboegven aslidhtly strogeradition an thedistribution
of productivity/-

50 Four=se, “(W) isthe prod et ofthe acceptarie probab Ety ari the presert valle ofa urit
Titure dream ofirnome d isourtel at a rate equallto the am ofthe irtered arl sparation
rates. How ever, inthe cae ofr = 0; “(W) isequalto the expected brgrunsze ofthe bhbor
Brce ofanegdab EBmert that payswace w by equation(15)-T hisEct tiesthe mod elto that
gul kel INBudett ard || orteren(1998).

% re d Pererne isthat the bvest wace isequalto the resrvatbnwace, R ; evenifthe
bwer spport ofthe ¢ igrb utionofemp byer prod utivity is hrger- T he rea®nisthat the
emp byer payirgthe bweg wage hiresro emp byeld workersari b<esa lem p byeesto hicher
payirg rms. Hene, that enp byershasro inertive to pay more thanthe wage thanall
uremp byel workers ri acceptab k.
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T heoram 5 1Tte messure of emplbyers who with pracuctivity p or Bss, 1 @)
is d®erenticbke, ifthe dRarence etneen the yoper sypportof te distributian,
p; and te unempbymeantlene t R = by is posifive and i, and ifte
armival rae per unit of search m@) is naHegal\e, inaessing, an-
tinuas and anae, ten a nonrivial wace posting ecpl Bbrium exdsts undcer
A ssumptias 1 ad?2

P roof_.Seetheh ppadix- =

4 Egmation

A n estimation stralegy that usss matdhad enpbyer-enplbyee data whidh in-
clLoe the size oF an enpbyar’s Ebar face ad enpbyer sped cwaker® ons
is sketched in this sectian. A s an eample, asider the D anish Integated
D atabeee Tor L abarll artketR esearch (D4 )™ . Itindudss anrual dosener
tias an theanplomaitafall D anish esteblismatts, enpbecidait ars, the
eaming of eech enpbyee, and enplbyee daradteristics Tor all year1 980 1995 _
GCe=B ingky etal- (999)) T hese doseratias overasinge year are sut=dant
W idatify the struciure of the madel aastrucied aboe-

Sped clly, naHparametric seardch and reauiting pdicy functias s(WwW) ad
v(@)= v @) toether with the ttarsition parametervectar &;, ;7 ;7 )@ be
estimated usingamaxdamum likelihood procedure Torgven aRerand wage distri-
butionfunctiasF ad G - Farthis purpose, itis natural 1 use nonparametric
sstimates of the tho distribution Tunctias basad an the wagss reaaved by alll
warkers hired during the yearand wegess easmned by all warkers empbyed at the
baegnning, both ohwhidh are dosenebk inte IDA data_ 0 ncee these inftial es-
timatss are dotained, the assodated wage and aRerdistributias implied by the
agpgecate Bbar market and steedy statle aoditias, equatias @2)Q5), éan
be aaomputed. 0 bviasly, ae can wee these caomputed distribution functias
and the same maxaimum lkelihood procedure to dotain seaod stege estimates
ofthe pdicy nctios ad trarsiion parametars - [ Fthe seouae df estimates
dotained by aotinued iteratian in this Bshian aonvargss, then the imiting esti-
mates incapaate all the stucture implied by themadel.A - caomparison ofthe
aRerand wace distributias actually doservad with the ™ nal estimatss provde
agoodness of s st Furthamare, a asst of seardh Tunction and aastof
reauting function an be infered - T he inteyactive procsdure represarnits aaom-
putatiaally smple way to compute the equi ibrium wege and aRardistributian
whi E atthe same time estimating the structure thaet underdies the distributias -

41 N a>xamum Like Bhool E gmates
Foreadhi 2 11 ;22N g in a represaitative ssmple ofFempbyars in agven Bbar
martet,

n=rg+ rfadrP=rP+ (2))
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whare ny is the number ofemplbyess at the begnning ofthe year; 1Y is aaaunt
ofthe\ stayars, "wakars presaitin the 'S bBoarforae both atthe begming
and attre ad of the year; rif is the numberohworkers presatat the begiming
of the year who lEave during the year; and ! is the rumberhired during the
yearwho reparted in the emplbyer’s Bborfate atthe year_ L etwy riepresait
the aerage waoe pad by the enploarand Etp; daote autput perworker —
U nder the assumptian tatworkers are idatical but are pad d®xratwags
aatss enplbying esteblishmants, the model eplns™acs anploerariatian
in the tripk (°:r°;N;) by acss enpbyernaiatian inwand p /1 et

L i@y;d)=P rfiP= g =r{;n=ngP i =r{jn=nigP rn=nyg @5)

represat the aaribution of the ith dosernvatian 1o the overall ikelihood Tunc-
ton-

A s danastrated dboe, an enpbyer's estebismait size is a stodestic
birth-death proa=ss de ned by the birth frequeoy hy ad desth raie d: T he
inarantdstribution ofthis antinuas time ™ 1Istaderll arkov proess an the
noHecative integess is the P dsan with meaen egpal to h=d. H e, the size
distribution Toresteblishmertti is

e.(_;i l‘lhﬂi"li

n! d
6 iven the Bct that a jdo spell with a partiaular anpbyeris epaatially dis-
tributed with paraneter equal 10 the separatian rate d, the aonditiaal prdoa-
biity tateactly i of the aigral n wakers stayed the attire year ad the
remainder did notis distributed acoording to the binamial with parameterei @

Prin=ng=

c6d

M q
Pri® = jn=ng= rr:s eldmq jeldyin: 1<Yp)

0 faaurse, " = P r° rigpresantanly messured hires, a lonerbaund anthe
rumberactLally hired during a year to the extant that sane of those hired Eft
befae the yearaded Stilll, ifthe sparation rate dware small”

_ Care
P rfiP=r{j* =r{;n= n‘g/“(nP n?)' Q)N

sinee newhires ane atthe P dssan rate hoerthre unitinternal_H onever, ae
can e the madel o improe an this gpprodmatian -

A ssigh treintecars | © AP §j r° 1o those hired and presait at the ed of
the interval and assign g numbears o thaose whowere hired and Eft.L et j

“Toempertcally imp bmert thisassmptionore reed stod ivil ethe samp B irto sb smp ks
ofw orkersthat are ashom ocerousaspossb B ari w ho partk pate insparate hbor markets.
INnthe case ofthe DA, workersare i erti el by occupatbncategories maragers ot ce
workers SilBl ari urddl workers that appro>amate thisrequiremert -
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danote this index. T hen, any wakerwith index j - r° j i° must have bean
hired at some undosened irnstant t 2 [0 ;1 Jwithin the pariad ad stayed Tora
peariad of bgth [€1 Jwhikeany aewth indexj geaterdid notstay_ Sincethe
irstanthired in the interval is unifamly distributed, the prdozbi ity of actually
doservingsameaewhowss hired during tre ineenal stillin the” m attteed

z Z 81 Al
1 el iy =eid 1 k= eid ie _lie
0 0 d d
H exe,
X qih _l"ll ieid ﬂn,oin?u 1 ieid ﬂji(nloin?)
PrrP=rJP =r{;n=ng= T «D g i —g
J=rling

becaseve knovthatat ksstj _ P j n° ware hired, those thattwere dosernved
acthe m stayed, and those hired but not dosened Eft. Finally, after same
tedas algbra, ae dotars

1 seich !nioinis
M Mo i T
£i Pirgh 1i—t @8
1
Mo T o Ty
£ imjﬁoin}s @€ h A
@i n! d

where j¢gy)is the incompkEtet amma functian, the CD F of the gamma ran-
dom \axiate?
Caditical o naHaaneticestimates of the wage and aRardistiibutians,
F ad G, the hiing and sgparation rate are relted to eech anploars praduc-
vty and wege by
Z\M
h = [is+7 A s@tB QY @i-wD
(62D
d = ++ s@lil ifF Wl
Forpurpose ofidatti. Gatian, the folloaing namalizatias are impasad -

s =s@ D=1 =vE;W) @)

8T his™ ralgep inthe d erivatibnisa cortrib ution®om ¢ eorce Neumarn
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Essntially, these essumptians determine the units in whidh seardh eRort ad
vecandes are messured .- Firdlly, the ™ 1ststace estimatss sohe

. ( )
= X
Bh b oowyPen) =agmax  h(it;d) st @Iad @).

=l
(&)
Call the paramneter and pdicy fnctiaon estimates dotained in this case by gp-
phMng @1 ) the rststack estimales -

42 Digrbuionan Il atchrgCod E amates

T he equilibrium wage cRared and wace earned distributias implied by the
" st stece sstimatss of the trarsitian parametars ad pdiicy functias can be
aastructed tsing equatias @3)Q5) Sped cally, the eqpi Bbrium sample gRer
distributian implied by the estimates ofthe reauting policy functian is
P
-w @iV
gy = P -w ="~ 42

D= BEw) ¢
where v is the actual wace paid by emploeri ad p; is the same enpbyer’s
EBborpraductivity- T he assodated steedy state wage distributian is the unigue
solution o

ZW
2D NI ) | . EAP@) = #HO@X @3

Seaod stace estimaties of the parametars and policy Tinctias can be computed
by using these TUNclias in the eguatias of G9) and then resdving the maxd-
mum lkelihood estimatian prdolen de ned by equatian @1)-T he Imitofthe
saquane of estimates dotained by iterating betineen these o equatias ad
equatias @2)ad @3)satisty all the structure imposad by the madel- Finally,
these estimates can be ampared with the actual distributias doserved in the
data 1o determire the extent to which the madel e Ers the wage and cRer
distributias -

T hateguatias @2) ad @3) are the cRar and wage distributias implied
by the madel Torboth the et sharing and waoe posting hypotheses is worthy
ofnole_T he reeson Tarthe independance is thattboth waoe determinatian mad-
ek hae the same qualitative implicatias ebaut the vecanoy Tunctian, nemely
that the number of vecandes pcstad inaeesss with the wage pad- ( iven an
estimate of this Tunctian whidh is manotone, both the aRerdistribution and the
steedy state wace distributian implied by themadel is the same underany wece
deteminatian mednenism tratimplies thatvecandes inaesse with the wace-

T he Tundamatal asssumptian of the search equilibrium ™ o gppraaech o
Boa-marketanabysis is that fricias in the fam of search and reauting acsts
are impartant. A acoounting data simply ot provce a test of this assump-
tion because acoounting practice does notseparate aut these assts fran general
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owerheed.- 0 ne acheantage of the structural fiamenark autined hereis that it
pamits inerence sbautthe magniituce ofthese asts . Sped callly, themargnal
search asst functian implied by the estimaties,
PO R B L O

w r+ B+ Bl i A@l
by equatian @6), which is determined up Thasped cation of the discountrate
r- Bease anpincGlly the separation rate is mudh brger then any estimate
of the discount rate, even the Upper baund an the margnal ast dotained by
settingr=1_ is agoad gopradmatian-Simikarly, equation @8)implies that the
margnal asst of reaauting Tncliaon estimate in the rentsharing e is

R\M
+ )5 L2 7 iW
Qi ;W)= brb . e _)Ioi 2. @5

r+ P+ Bl § @0l
0 faaurss, in the rentshaxring Gese, this estimate of reauiting astis anly iden-
1 edup toaddos ofteshae paameler ad iesenationwageR =

¢4

5 Fuue Resarch

T he madel eplaad in this pgperis a protoype Tora mare general framenark
that might be ussiul Tor the structural interpretation and analysis of matded
enpberanpbeedaia.A maeampkexversian is nesded toairaitthe idy-
ness of the data actually ad Bbke ad the set of quesstias that are of interest.

Extading the empirical gopraach 1o the Tull panel ofdoseratias ada Bbe
in most matdhad empbyer-anploee data sets is an dovas nextstep - Time
\arfatiaon in enployerpraductivity wi ll be a feature of these data that ae can-
notigxae. H avdoss ae madel this ature? Shauld the dosernvaed \ariatias
be regarded as ndse aras the realizatias ofa stodestic process with a bivof
evolutian knonn o the dadsian makars in the madel? 0 faourse, birts ad
deatts of enplying esteblishmants willl albo be dosernved- H ovdaoss ae ac-
knonBdoe these evenits in the madel and in the estimation strategy? A hauch
the famal madel is mudh mae amplicated when the enployer productivity
parameteris treaised a5 a procsss, ithss the potantial forproAading irsigitinto
the intaxpretation of jdo and worker° awv dala, partiaularly those aampaants
that are assodated with the birts and deatts ofF esteblishments -

A nother grexalization wauld epliatly acoount for within estebisimatt
warker hetexageaty. In the e of tte ID 4, the usual demagrephic and ed-
ucatian of eech warkeris knonn as well ss aooupatian.- T he aa b ity of the
data pamita jant thearetical and empircal study of Ebor farce ampasitian
eRxcts. Foreample, the model can be modi ed o indlude an esteblisimeant
kel production fundion that auld be estimated using doserved time sexies
\arfation in agven enpbyers Ebor e ampasitian as well ss atss sectian
d®yass . T he extat tovhich enploee ampasitian eplrns acs anpbyer
productivity d®rancss is abo a question that ae shauld be bk 1o addriess
fram a structural perspective.
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6 Appen < E xaderne P roo s

61 Rert SharirgCa=

P roof_U nderthe hypothesis, the Ionestwage aRered and the Esstpraductinve
empbyers productivty both egal the resenation wagg, ie, w = p = R:
Haxe, ay >dpdntoftemagp T 2z ! z de nadin the textis a @it
sharing equi ibrium when w) is the wace ke @) where F = GV is
an elanait of z , a subset of atirnuass baunded real valbed funclion pairs
de ned an the ampectinteral R ;W)IE[R ;plH ece, Sdauderd >ed parnt
theoam, as stated by L uces and Stdey (989, p-520 ), implies edsteneifz is
non-empty, closed, baunded and aanvex, the qperator T is aotinuaus and the
mily ofFfunctias T (2 )is equicatinuas -

T hevecanoy fundianv@)meps [R ;plirnto[0 ;v jad the scerdh functian s(Ww)
maps R ;w@)]ino[s;3wheares is sped ed ink ssumptian !,V is sped ed in
A ssumptian 2, ad s is uniguely determined by equatias @7) ad @Q9)- A s
1R )isinyessinginR , 3 is mawotoe deaessing inR (H ene, ray nie
w>R,1 >35> stralls> (| dhasen sut=dently small from equatian @6)-
Casaquatly, z is naampty, dosed, bandad and aonvex.

Toshavthat T is aoitinuas an z itis necssary and sitdant 1o proe
thatboth ofits aompaateratars, T, ad T, ; areatiruas - FHist, asider
T, :z! =<8 de ndbyeqatias Q3)-@Q5)-W ithautbebbaingthedetaks,
atinuty of the ttarsfomatian is implied by that fect that: the integratian
gperator an any aatiruas baunded real valled function is aritinuacs in the
Space of aatirnuass baunded Tunctias with the sup nom _T he trarstomatian
T, :<s £¢ | z de ned by the integal equation @6) is atiruas ad
equatian @8) de nes a pdntnise aotinuas fonctical reltiaship betnean
v ad @;s@WxF (W) orallw2 (R ;wedl

T hetmilyT ¢ Disequantinuas ifeary T 2T ())is unifaomly aitinuos
aiR ;\WOEER ;plad ifthe cottiruity is unifom Brall fincias T @ ) i e,
iforeery x2 R ;WOEER ;plad ) > (| thereedsts a4 > | such thaet

Kiyl< 4 imples RGO i FEI< "1 allF 2T @) @é6)
where
it Mmaxtye) i VEEFCD i s¢H:
T he dbningdanastratian that this aanditian holds anaunts toshoning et
the gadiatofFf ) is unifamly bandd forall findias T @ )-
By equatian @6),

B im@ll iF @1 .
e S W)) RWES r+ £+ m@e@) ifF W]

H ence, m@Q)inaessingand i - i imply

MO
PN - meonr D
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where |l is dé ned in equatian Q9).4 s aaosenEnc,
Xiyl < %) Ei()iswj-mg}%}js%@iai/i@ ¢nD
. ma O,
w2R Wl QE@DN(+ £)

where |1 is the uniform upper baund an market tightness de ned in Q9) gven
that the seardh asstunction is strictly aonvex.
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