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h where �rms o�erpromotion wage 
ontra
ts to workers of di�erent ability, whi
h is unknown to �rms at thehiring stage. With su�
iently strong information fri
tions, low-wage �rms o�er separating
ontra
ts and hire all types of workers in equilibrium, whereas high-wage �rms o�er pooling
ontra
ts, promoting high-ability workers only. Low-ability workers have higher turnoverrates and are more often employed in low-wage �rms. The model repli
ates the negativerelationship between job-to-job transitions and wages observed in the U.S. labor market.Keywords: Adverse Sele
tion, On-the-job sear
h, Worker mobility, Wage dynami
s.JEL: D82; J63; J64

∗The paper is a substantially revised and developed version of our earlier working paper �Wage dispersionand labor turnover with adverse sele
tion� (Carrillo-Tudela and Kaas (2011)). We would like to thank theAsso
iate Editor, two referees, Jim Albre
ht, Melvyn Coles, Javier Fernandez-Blan
o, Miltos Makris, EspenMoen, Peter Norman, Fabien Postel-Vinay, Ludo Viss
hers and Susan Vroman for their 
omments and insights.We espe
ially thank our resear
h assistant Vigile Fabella for her 
ontributions. We also thank parti
ipants at the�Essex E
onomi
s and Musi
� workshop 2011, SAET 2011, SED 2011, the �Mat
hing, Theory and Estimation�
onferen
e at S
ien
e Po 2013, and at seminars in BI Oslo, Mainz and Carlos III. The usual dis
laimer applies.
†Department of E
onomi
s, University of Essex, Wivenhoe Park, Col
hester, CO4 3SQ, UK. Email:
o
arr�essex.a
.uk
‡Department of E
onomi
s, University of Konstanz, 78457 Konstanz, Germany. Email:leo.kaas�uni-konstanz.de 1



1 Introdu
tion1.1 Motivation and SummaryThe ability of the labor market to allo
ate resour
es hinges upon the type and severity of thefri
tions that prevent workers and �rms in forming the most e�
ient mat
hes. On the one hand,theories of sear
h fri
tions emphasize the 
osts asso
iated with �nding the right worker or theright job. Theories of adverse sele
tion, on the other hand, stress the importan
e of asymmetri
information at the hiring stage as an impediment for labor turnover.1 Taken together thesefri
tions 
an present formidable barriers for worker turnover and e�
ient resour
e allo
ation.Lo
kwood (1991), for example, suggests that adverse sele
tion exa
erbates the negative e�e
tsof sear
h fri
tions by redu
ing the re-employment 
han
es of unemployed workers. With almostno ex
eptions, however, 
urrent 
ontributions on labor sear
h with adverse sele
tion abstra
tfrom job-to-job �ows,2 although these transitions a

ount for a sizeable part of worker �ows.Furthermore, the rate at whi
h workers 
hange jobs is an important determinant of wage dy-nami
s (see, e.g., Topel and Ward (1992)). Thus one would expe
t that asymmetri
 informationnot only has non-trivial impli
ations for workers' job turnover, but also for how their wagesevolve over time.In this paper we present a theoreti
al analysis of the intera
tion between sear
h fri
tions,on-the-job sear
h and asymmetri
 information. Our obje
tive is to study how asymmetri
 in-formation about workers' abilities a�e
ts the mobility of workers within and a
ross �rms in afri
tional labor market. A key impli
ation of our model is that high-wage �rms o�er more at-tra
tive employment 
onditions to high-ability workers than to low-ability workers. This impliesthat low-ability workers have higher turnover rates even though all workers fa
e the same degreeof sear
h fri
tions.3 We show that our model is quantitatively 
onsistent with the observed neg-ative relationship between wages and the number of job-to-job transitions we un
over using theNational Longitudinal Survey of Youth (NLSY). In parti
ular, workers that undertake substan-tial job 
hanges have on average lower earnings than workers who 
hange relatively fewer times.This is in 
ontrast with standard theories of on-the-job sear
h su
h as Burdett and Mortensen(1998), whi
h we show predi
t a positive relationship between wages and the number of job-to-job transitions. We further show that the negative relationship between those variables observedin the data is generated by worker unobserved heterogeneity, as implied by our model.We 
onsider a fri
tional labor market similar to Burdett and Mortensen (1998), where work-ers sear
h randomly for job opportunities and �rms 
ommit to long-term wage 
ontra
ts. Indeviation from this ben
hmark, information is asymmetri
ally distributed in our model: whileworkers are perfe
tly informed about their ability, �rms learn workers' ability slowly over time.1Sear
h models of the labor market are surveyed in Rogerson et al. (2005). For labor market impli
ations ofadverse sele
tion, see e.g. Salop and Salop (1976), Greenwald (1986), Gibbons and Katz (1991).2We review some of this literature in Se
tion 1.2 below.3The empiri
al �ndings of Kahn (2013) indeed suggest that workers with higher job mobility patterns are onaverage of lower ability than those who move relatively less.2



Further, �rms post a menu of promotion 
ontra
ts, one for ea
h worker type, to whi
h they are
ommitted. Any 
ontra
t o�ers an initial wage based on the worker's reported ability. Uponlearning the worker's type, the �rm promotes the worker if the worker reported his type truth-fully; otherwise the worker is demoted.When a meeting takes pla
e, the worker 
hooses whether to a

ept the job and the termsof employment based on the reported ability. By misreporting his type, a low-ability workerearns a higher initial wage but fa
es the possibility of demotion a

ompanied by a wage 
ut.By reporting truthfully, the worker earns a lower starting wage but fa
es the prospe
ts of apromotion with a wage rise. This trade-o� determines the in
entive-
ompatibility 
onstraintthat �rms must satisfy if they want to separate workers at the hiring stage. A key result is thatthe �rms' willingness to separate their appli
ants depends on the degree of information fri
tionsrelative to sear
h fri
tions. Indeed, adverse sele
tion adds a novel trade-o� in the �rm's problem.By o�ering high initial wages to attra
t and retain more high-ability workers, it be
omes more
ostly to satisfy in
entive 
ompatibility so as to separate workers. As information fri
tionsin
rease relative to sear
h fri
tions, these separation 
osts be
ome larger. Stronger informationfri
tions (or lower sear
h fri
tions) imply that workers have a higher 
han
e of moving to anotherjob before the �rm learns their type, making it even more attra
tive for workers to misreportand more di�
ult for �rms to separate at the hiring stage.In equilibrium, �rms follow one of two strategies. Either they de
ide to o�er separating
ontra
ts or they o�er pooling 
ontra
ts. Firms o�ering pooling 
ontra
ts hire all workers at thesame initial wage, promoting high-ability workers and demoting low-ability workers after theirtypes are revealed. Firms o�ering separating 
ontra
ts hire workers at di�erent initial wagesand promote all workers who self-sele
t into the right 
ontra
ts. The o�er distribution of initialwages for ea
h ability type is always dispersed for similar reasons as in Burdett and Mortensen(1998). We �nd a 
uto� value of the �rms' learning rate su
h that when �rms learn su�
ientlyfast, a separating equilibrium emerges where all �rms o�er separating 
ontra
ts. Otherwise,there exists a segmented equilibrium in whi
h low-wage �rms o�er separating 
ontra
ts whilehigh-wage �rms o�er pooling 
ontra
ts. The segmented equilibrium has parti
ularly interestingqualitative properties: be
ause high-wage �rms demote workers of low-ability, these workers havehigher turnover rates than high-ability workers. Hen
e, they are more frequently employed inlow-wage �rms who then end up with a less produ
tive workfor
e.4 The segmented equilibriumalso features ri
h individual wage dynami
s, in
luding wage 
uts and wage gains, both withinand between �rms.To analyze the quantitative impli
ations, we 
alibrate our model to mat
h the monthly ratesand the wage gains/losses asso
iated with job-to-job transitions, job-to-nonemployment transi-4Idson and Oi (1999) suggest that smaller �rms are less produ
tive be
ause they attra
t and retain lessprodu
tive workers than larger �rms. They argue that this is due to 
omplementarities between 
apital andlabor, while they are silent on the way re
ruitment and retention poli
ies �rms use to a
hieve a more produ
tiveworkfor
e. Our theory provides a possible explanation. See Lentz (2010) for a model in whi
h high-ability workerssear
h harder and hen
e have a higher 
han
e of being employed in high-wage �rms.3



tions and within-�rm promotions, as observed in the U.S. for workers with ten years of potentialwork experien
e. Our estimate for the �rm's learning rate follows Lange (2007). The segmentedequilibrium that arises in the 
alibration has novel features relative to standard labor sear
hmodels without information fri
tions, su
h as Burdett and Mortensen (1998). In the 
alibratedmodel, for example, larger �rms have higher internal mobility, pay higher wages, employ a moreprodu
tive workfor
e and exhibit less separations (see Idson (1989) and Papageorgiou (2014),among others).The main impli
ation of our 
alibrated model pertains to the relationship between the 
u-mulative 
ount of workers' job-to-job transitions and (log) wages. We show using NSLY datathat an OLS regression generates a negative relationship between these two variables, after
ontrolling for a large set of observable 
hara
teristi
s in
luding the 
umulative 
ount of non-employment spells.5 Our 
alibrated model generates this negative relationship, while a Burdettand Mortensen (1998) model predi
ts a positive relationship.We further analyze whether worker unobserved heterogeneity might be driving the negativerelationship between the number of job-to-job transitions and wages observed in the data. Thisexer
ise is important as our model predi
ts that this should be the 
ase. To test this predi
tionwe 
ontrol for possible 
orrelations between a time-invariant worker e�e
t in the error term andthe 
umulative 
ount of job-to-job transitions. On
e we 
ontrol for su
h a 
orrelation, we �nd apositive relationship between the 
umulative 
ount of job-to-job transitions and wages. Hen
e,standard job ladder models seem to be fully 
onsistent with the data on
e we a

ount for workerunobserved heterogeneity. However, those models miss the fa
t that some workers 
hurn a lotin the labor market and yet remain largely unsu

essful.The rest of the paper is organized as follows. After a brief review of the related literature, weset out the basi
 framework in Se
tion 2. In Se
tion 3 we 
hara
terize separating and segmentedequilibria. Parti
ularly, we show that all �rms separate their appli
ants when the �rms' learningrate is high enough; but when information fri
tions are su�
iently severe, a fra
tion of high-wage�rms o�er pooling 
ontra
ts and end up retaining more high-ability workers. In Se
tion 4 we
alibrate our model and explore its impli
ations for worker turnover and wage dynami
s. Se
tion5 dis
usses alternative learning pro
esses and analyzes an extension where �rms 
an 
onditiontheir 
ontra
ts on workers' employment status. In the latter 
ase, we show that employmentstatus gives �rms further monopsony power, whi
h in turn makes it easier to separate workersat the hiring stage. Se
tion 6 
on
ludes. All proofs, tedious derivations and data analysis arerelegated to the Appendix.1.2 Related LiteratureIn their re
ent survey paper about hiring and in
entives, Oyer and S
haefer (2011) 
all forfurther theoreti
al exploration about the e�e
ts of asymmetri
 information at the hiring stage5This is inline with previous empiri
al studies that �nd that more job turnover is asso
iated with lower averagewages (see, e.g., Min
er and Jovanovi
 (1981) and Light and M
Garry (1998)).4



in a fri
tional labor market. We 
ontribute to this literature by developing an equilibriummodel of random sear
h in whi
h �rms 
ommit to self-sele
ting 
ontra
ts to study the e�e
tson worker turnover and wage dynami
s. We allow �rms to fa
e the risk of losing workers toother �rms through 
ompetition brought about by workers' on-the-job sear
h. In general, �rmsmay also use other s
reening devi
es like aptitude tests, but those 
an be 
ostly to implementor might not reveal the desired information. Salop and Salop (1976), for example, show how�rms 
an use deferred 
ompensation 
ontra
ts to separate workers with high and low quit rates.Lazear (2000) and Oyer and S
haefer (2005) emphasize the importan
e of self-sele
tion 
ontra
tsin explaining the use of performan
e-based pay in organizations. Here we explore the role ofpromotion/demotion 
ontra
ts as a self-sele
tion devi
e that helps �rms to separate appli
antsat the hiring stage.Besides a few earlier 
ontributions (e.g. Lo
kwood (1991), Albre
ht and Vroman (1992),Montgomery (1999)), a number of more re
ent papers study the interrelation between sear
hfri
tions and adverse sele
tion. Guerrieri et al. (2010) analyze existen
e and e�
ien
y propertiesof 
ompetitive sear
h models with adverse sele
tion, 
hara
terizing separating equilibria wheredi�erent worker types are employed in di�erent 
ontra
ts. As they 
onsider a stati
 environment,they 
annot dis
uss worker turnover or wage dynami
s. Inderst (2005) analyzes existen
e ofseparating equilibria in a model of random sear
h with adverse sele
tion. In his model, the
omposition of the pool of sear
hing individuals evolves over time. However, on
e a produ
tivemat
h is formed and a 
ontra
t agreed, the pair leaves the market. To the best of our knowledge,there are only two papers with on-the-job sear
h under adverse sele
tion. Kugler and Saint-Paul(2004) analyze the e�e
ts of �ring 
ost on di�erent types of workers in a model with sear
hon-the-job, assuming however an ad-ho
 wage s
hedule. This is very di�erent from this paperwhi
h is interested in optimal wage poli
ies under adverse sele
tion. Viss
hers (2007) 
onsidersa model with random sear
h based on Stevens (2004) and assumes that both the worker andthe employer do not observe the worker's (mat
h-spe
i�
) ability at the start of the relation.Although the employer learns faster than the worker, it o�ers the same wage 
ontra
t to all itsnew hires.A few papers 
onsider the intera
tion of sear
h fri
tions and adverse sele
tion to study �rms'de
isions to o�er a take-it-or-leave-it wage o�er or to engage in bilateral bargaining with theirjob appli
ants. Camera and Dela
roix (2004), for example, 
onsider a random sear
h model,while Mi
hela

i and Suarez (2006) 
onsider a dire
ted sear
h model to address this issue. Asin our paper, �rms 
hoose between di�erent 
ontra
ts whi
h impa
ts the type of workers theyemploy. Mi
hela

i and Suarez (2006) show that the labor market segments and �rms postingwages attra
t workers with low produ
tivity, while �rms that bargain attra
t high produ
tivityworkers. In our paper we restri
t attention to wage posting and we let �rms 
hoose betweeno�ering separating 
ontra
ts to hire both types of workers at di�erent wages or posting a pooling
ontra
t that provides a higher retention rate for high-ability workers.This paper also relate to the literature that studies employer learning to analyze workerreallo
ation. Jovanovi
 (1979), Mos
arini (2005) and Papageorgiou (2014) provide insightful5



examples. This literature typi
ally fo
uses on bilateral asymmetri
 information where the �rmand the worker jointly observe signals about the mat
h quality over time. An important empiri
alliterature has developed from su
h insights, aiming to test the degree of asymmetri
 informationand the speed of employer learning (e.g. Altonji and Pierret (1996), Lange (2007) and Kahn(2013)). These papers imply that low-ability or poorly mat
hed workers are negatively sele
ted,fa
ing a higher turnover rate. Our paper 
onstru
ts a tra
table equilibrium wage-posting modelwith adverse sele
tion, on-the-job sear
h and �rm learning. In this setting we analyze howthe degree of fri
tions in the labor market and �rms' speed of learning a�e
t their hiring andretention strategies. We show that the resulting workers' job mobility and wage patterns arequantitatively 
onsistent with eviden
e for the U.S. labor market.2 Basi
 Framework2.1 Workers and FirmsConsider the steady state of a 
ontinuous time e
onomy whi
h 
omprises a 
ontinuum of workersand a 
ontinuum of �rms. The life of any worker has un
ertain duration and follows an expo-nential distribution with parameter φ > 0. To keep the population of workers 
onstant, φ alsodes
ribes the rate at whi
h new workers enter the labor market. Firms are in�nitely lived. Allagents have a zero rate of time preferen
e and are risk neutral. The obje
tive of any worker isto maximize total expe
ted lifetime in
ome, and the obje
tive of any �rm is to maximize theexpe
ted steady-state pro�t �ow.There are two types of workers who di�er in their innate ability. A mass αH = 1 of workers hashigh ability pH and a mass αL = α has low ability pL. All �rms operate the same 
onstant returnsto s
ale te
hnology, produ
ing �ow output pi with every employed worker of type i = H,L. Whileworkers are perfe
tly informed about their type upon entering the labor market, the �rm doesnot know a worker's ability at the hiring stage. We assume that �rms monitor the output of aparti
ular worker at exogenous rate ρ, whi
h des
ribes the �rm's learning rate.6 On
e the �rmhas learned the worker's ability, the latter 
an be veri�ed in a 
ourt of law.In other respe
ts the information stru
ture mirrors that of the Burdett and Mortensen (1998)model. In parti
ular, �rms 
annot make o�ers 
ontingent on the appli
ants' employment histo-ries. As it will be
ome 
lear later, this assumption is important sin
e a �rm 
ould use informationon its appli
ants' 
urrent wages or their wage histories to update its beliefs.7 However, allowingo�ers to be 
ontingent on these 
hara
teristi
s also involves dealing with the worker's de
ision6The impli
it assumption here is that the �rm observes total output, but sin
e it employs a mass of workersit is too 
ostly to observe the output of ea
h individual worker immediately. In Se
tion 5.2 we further dis
ussthe �rms' learning pro
ess.7In Se
tion 5.1 we dis
uss a variation of the model in whi
h �rms 
ondition their 
ontra
ts on workers'employment status and analyze whether this information makes it easier for �rms to separate workers.6



of whether to reveal this information truthfully to the �rm. In prin
iple workers would be un-willing to do so sin
e the �rm would then be able to 
ondition its 
ontra
t on workers' 
urrentreservation wages, individualizing their o�ers, and extra
ting further rents. We do not pursuethis possibility here as it would 
ompli
ate our analysis even further, raising di�
ult signallingissues at the re
ruitment stage. Instead we assume that �rms must treat equally all appli
antsthat report a given type.Unemployed and employed workers meet �rms a

ording to a Poisson pro
ess with parameter
λ > 0. There are also job destru
tion sho
ks in that ea
h employed worker is displa
ed intounemployment a

ording to a Poisson pro
ess with parameter δ > 0. On
e unemployed, anyworker re
eives a payo� of b < pL per unit of time. For simpli
ity we do not allow that workers ofdi�erent abilities obtain di�erent payo�s when unemployed. The �ow payo� b 
an be interpretedas �ow in
ome from unemployment bene�ts (imposing equal treatment a
ross workers) or as �owutility from leisure (imposing identi
al leisure preferen
es).2.2 Contra
tsWe 
onsider �at�wage 
ontra
ts that allow for promotions or demotions when the �rm veri�es theworker's type. All other transfers between workers and �rms (at the hiring stage or thereafter)are ruled out. That is, a 
ontra
t 
ontains a 
ommitment to three wages: the initial wage (paidprior to learning), a promotion wage and a demotion wage. When a �rm meets a worker, the�rm o�ers a menu of two 
ontra
ts, indexed by the worker's reported ability i = H,L. Wedenote these 
ontra
ts as ωi = (wi, w

+
i , w

−
i ) where wi denotes the initial wage that is paid inthe probation period, i.e. before learning the worker's type. When worker i reports his abilitytruthfully, he is promoted to re
eive the promotion wage w+

i as long as he stays employed inthe �rm. If worker j 6= i misreported his type in 
ontra
t ωi, the worker is demoted in whi
h
ase the worker is paid the demotion wage w−
i for as long as he stays employed in the �rm. The�rm 
ommits to pay the initial wage wi until the worker's type is revealed and to follow thepromotion/demotion 
ommitment thereafter.8 While �rms 
ommit to wage pro�les, they 
annot
ommit to retain workers that yield negative expe
ted pro�t value.9Upon meeting the �rm, the worker observes the posted 
ontra
ts and 
an 
hoose one of them,but nothing restri
ts the worker from 
hoosing the 
ontra
t the �rm designs for workers of adi�erent ability level. If both 
ontra
ts are reje
ted, however, the worker remains in his 
urrentstate with no option to re
all previously met �rms. We make the following tie-breaking assump-tions: an unemployed worker a

epts a wage o�er if indi�erent to a

epting it or remainingunemployed, while an employed worker quits only if the o�er is stri
tly preferred.8In a previous working paper version (Carrillo-Tudela and Kaas (2011)), we 
onsider a 
ontra
tual environmentin whi
h �rms are restri
ted to o�er �at wage 
ontra
ts without promotions, but 
an threaten to �re workerswho misreport their type upon learning. We also 
onsider 
ontra
ts allowing wage 
uts for misreporting workers.9The underlying assumption here is that both the worker and the �rm are free to initiate a separation at anytime. But even if �rms were able to 
ommit to employ unpro�table workers, our main segmentation results wouldsurvive; see also footnote 18 below. 7



To summarize, the main restri
tions we impose on the 
ontra
t spa
e are: (i) equal treat-ment at the hiring stage to all workers that report a given type; (ii) �at-wage 
ontra
ts wherepromotions and demotions o

ur together with learning events; and (iii) no side payments.2.3 EquilibriumWhen a worker of type i = H,L en
ounters a new employer o�ering 
ontra
t menu [ωH , ωL] =

[(wH , w
+
H , w

−
H), (wL, w

+
L , w

−
L )], the worker may report his type truthfully, whi
h leads to 
ontin-uation utility Vii(ωi), or the worker may misreport his type with 
ontinuation utility Vij(ωj) for

i 6= j. The �ow gain from misreporting the type is the di�eren
e in initial wages, wj −wi. Afterthe �rm learns the worker's type, the worker either re
eives 
ontinuation utility Vi(w
+
i ), if hereported his true type, or Vi(w

−
j ), if the worker misreported his type. Sin
e learning o

urs atPoisson rate ρ, worker i's in
entive 
onstraint Vii(ωi) ≥ Vij(ωj) is equivalent to
wj − wi ≤ ρ[Vi(w

+
i )− Vi(w

−
j )] . (1)This in
entive 
onstraint des
ribes the main trade-o� fa
ed by a worker when meeting a �rm.By misreporting his type, worker i earns potentially the higher initial wage wj but fa
es thepossibility of demotion with 
ontinuation utility Vi(w

−
j ). By reporting truthfully, the workerpossibly earns a lower starting wage but fa
es the prospe
ts of a promotion, yielding 
ontinuationutility Vi(w

+
i ). The worker will report his type truthfully and self-sele
t into the right 
ontra
twhen the �ow gain from misreporting does not ex
eed the expe
ted gain from a promotionrelative to a demotion.10 In Appendix A we present the re
ursive equations for Vii, Vij and Viand derive this in
entive 
onstraint formally. We write Ui for the utility value of unemploymentfor a type-i worker.Firms 
hoose 
ontra
t pairs (ωH , ωL) to maximize the steady-state pro�t value ΩH(ωH) +

ΩL(ωL), where Ωi(.) denotes the �rm's pro�t from hires in 
ontra
t ωi. Firms take into a

ountthat workers may misreport their type whenever the in
entive 
onstraint (1) fails in whi
h 
asethe �rm pools all workers in the same 
ontra
t. In su
h 
ases, the pro�t value Ωi(ωi) also in
ludesthe gains (or losses) from workers of type j who are later demoted to wage w−
i .A market equilibrium is a joint distribution Ψ of 
ontra
t o�ers, and value fun
tions Ui, Vi,

Vii, Vij, Ωi, i, j = H,L, for workers and �rms su
h that (i) every (ωH , ωL) in the support of Ψmaximizes �rms' pro�ts subje
t to optimal turnover and truth-telling behavior of workers; and(ii) workers' turnover and reporting strategies are optimal given that new 
ontra
t o�ers aredrawn randomly from distribution Ψ at Poisson rate λ.In the following subse
tion, we 
onsider those market equilibria where the promotion and de-motion wages are maximally di�erentiated so that the in
entives to report truthfully are as largeas possible, given the 
onstraint that workers and �rms may voluntarily quit any employment10Note that this trade-o� is similar to the one found in e�
ien
y wage models, in whi
h shirking (misreporting)yields a higher utility (initial wage) but implies a higher probability of being 
aught and �red (demoted).8



relationship. These 
onstraints imply in parti
ular that w+
i ≤ pi (otherwise a �rm would �rethe worker) and w−

i ≥ b (otherwise the worker would quit to unemployment). In spite of strongin
entives, however, a market equilibrium does not always give rise to a perfe
t separation ofworkers. In fa
t, as we show in Se
tion 3, some �rms may de
ide to pool all workers in the same
ontra
t, so that low-ability workers are demoted in equilibrium. Those workers then experien
ehigher turnover rates as well as upward and downward wage mobility, both within and between�rms.2.4 Equilibrium Restri
tionIn the following we restri
t the analysis to those market equilibria where all �rms o�er 
ontra
tsof the form ωi = (wi, pi, b), whi
h we label simple 
ontra
ts. That is, �rms demote misreportingworkers by 
utting their pay to the reservation wage,11 while they promote truth-telling workersto their marginal produ
t. This maximally feasible di�erential between promotion and demotionwages provides the greatest possible in
entives for workers to report their type truthfully uponhiring. Further, ba
kloading of wages for truth-telling workers serves the purpose of minimizingturnover while earning positive pro�ts on lower initial wages prior to learning.In Se
tion 3, we 
hara
terize all 
andidate equilibria where �rms are restri
ted to 
hoosesimple 
ontra
ts. Before we do that, however, we show in the following lemma that those
andidate equilibria are indeed market equilibria (where �rms are allowed to 
hoose arbitrary
ontra
ts (wi, w
+
i , w

−
i )). This result holds generally when all �rms o�er separating 
ontra
ts.In those 
ases where some �rms pool workers, a spe
i�
 parameter restri
tion is required toguarantee that the 
andidate equilibrium in simple 
ontra
ts is indeed a market equilibrium.For the plausibly 
alibrated parameter 
ombinations that we 
onsider in Se
tion 4, we verifythat this 
ondition is satis�ed so that the 
onsidered promotion/demotion strategies are in fa
tequilibrium out
omes.12 For a given 
andidate equilibrium in simple 
ontra
ts, we write Fi forthe marginal distribution of starting wage o�ers to workers of type i. Further, let Ri denotethe reservation starting wage for an unemployed worker of type i who reports truthfully whenmeeting a �rm. This reservation starting wage is smaller than unemployment in
ome b, sin
etruth-telling workers 
an expe
t a promotion to wage pi > b with positive probability. InAppendix A we show that all workers indeed follow a standard reservation-wage strategy.Lemma 1: Consider a 
andidate equilibrium in simple 
ontra
ts where Fi is the marginaldistribution of wage o�ers to workers of type i and Ri is worker i's reservation starting wage,i.e. Vii(Ri, pi, b) = Ui. Then the 
andidate equilibrium is a market equilibrium if all �rms of-fer separating 
ontra
ts. If some �rms pool all workers in the same 
ontra
t, the 
andidate11Sin
e the o�er arrival rate is independent of a worker's employment status, b is the 
ommon reservation wagefor both worker types.12If the parameter 
ondition fails, pooling �rms would o�er dispersed demotion wages whi
h 
onsiderably
ompli
ates the equilibrium analysis without providing additional e
onomi
 insights. We therefore only 
onsiderequilibria in simple 
ontra
ts whi
h already give rise to ri
h wage dynami
s between and a
ross �rms.9



equilibrium is a market equilibrium if the 
ondition Γ(w) ≤ Γ(RL) holds for all w ∈ [RL, pL],where
Γ(w) ≡

pL − b−
∫ w

RL

φ+δ+λ(1−FL(w′))
φ+δ+ρ+λ(1−FL(w′))

dw′

φ+ δ + λ(1− FL(w))
.The 
ondition Γ(w) ≤ Γ(RL) is needed to ensure that the demotion wage w−

L = b is indeedoptimal for all pooling �rms. For equilibria in simple 
ontra
ts, we further obtain a 
onvenientformulation of the in
entive 
onstraint, stated as follows.Lemma 2: In any equilibrium in simple 
ontra
ts, the in
entive 
onstraint for type i workersis
wj − wi ≤ b− Ri . (2)

3 Equilibrium Analysis3.1 Preliminary ConsiderationsBefore we analyze the di�erent equilibria in simple 
ontra
ts, we dis
uss a few general properties.A �rst insight is that �rms o�er 
ontra
ts with dispersed starting wages whi
h gives rise to workerturnover before the promotion/demotion events. That is, the distributions Fi of starting wagesare non-degenerate. Workers employed at starting wages quit to other 
ontra
ts if and only ifthey provide stri
tly higher 
ontinuation value. The reason for 
ontra
ts with dispersed startingwages is that promotions and demotions are linked one-to-one to employer learning whi
h is asto
hasti
 event. Sin
e promotion dates are un
ertain, workers quit to 
ontra
ts o�ering higherstarting wages during the probation period. Firms, in turn, respond to these in
entives by o�eringdispersed 
ontra
ts, trading o� higher �ow pro�ts against higher attra
tion and retention rates,similar to Burdett and Mortensen (1998).13 Promoted workers of type H (earning w+
H = pH)never quit sin
e no �rm 
an o�er a greater 
ontinuation value. However, there 
an still beturnover of low-ability workers after they have been promoted or demoted, as we see below.We restri
t the analysis to rank-preserving wage poli
ies: �rms that o�er higher startingwages to high-ability workers also o�er higher starting wages to low-ability workers; that is,there is an in
reasing fun
tion ŵ(.) su
h that FL(ŵ(wH)) = FH(wH) for all wages wH in thesupport of the o�er distribution FH . If any of the in
entive 
onstraints (2) binds (on someinterval), rank preservation follows dire
tly be
ause wL in
reases one-for-one with wH (no matterwhi
h 
onstraint binds). But if in
entive 
onstraints are sla
k in some range of the wage o�er13See Stevens (2004) for the 
ase in whi
h �rms pre-
ommit to a promotion date without fa
ing the adversesele
tion problem we introdu
e in our paper. 10



distributions, any wage o�er wL in this range satisfying in
entive 
ompatibility yields the samepro�t, so that wage o�ers a
ross �rms 
an be ordered in a rank-preserving way.14 Before wepro
eed, note that o�ering initial wage wi = Ri stri
tly dominates o�ering any wi < Ri asit generates stri
tly positive pro�t while the latter leads to zero pro�t. And be
ause 
ontra
t
(Ri, pi, b) attra
ts unemployed workers, Ri is the lower bound of the support of Fi.It is useful to note that in any equilibrium the in
entive 
onstraint does not bind at low wagesand hen
e �rms o�ering these wages will always separate workers at the hiring stage. To see this
onsider the lowest 
ontra
t o�ered in equilibrium, (RH , RL). Condition (2) implies that whenmeeting a �rm o�ering this 
ontra
t, a high-ability worker's in
entive 
onstraint does not bindwhenever RL < b and a low-ability worker's in
entive 
onstraint does not bind whenever RH < b.Sin
e Ri < b for i = L,H , the previous 
onditions are always satis�ed. Rank preservation thenimplies sla
k in
entive 
onstraints in the neighborhood of (RH , RL).A similar argument shows that in
entive 
onstraints do not bind for high-ability workers. Forthese workers, (2) is given by wL − wH = ŵ(wH) − wH ≤ b − RH . As we show in the proofsof Propositions 1 and 2, the slope of fun
tion ŵ does not ex
eed one, hen
e the left-hand sideis weakly de
reasing in wH , so that the in
entive 
onstraint holds for all wages in the supportof the wage o�er distribution if it is satis�ed at wH = RH . The latter 
ondition amounts to
ŵ(RH) = RL ≤ b, whi
h is always satis�ed.Lastly, note that the arguments of Burdett and Mortensen (1998) imply that the o�er dis-tribution FH is 
ontinuous and has 
onne
ted support when �rms are able to separate workers.When some �rms o�er pooling 
ontra
ts, however, we will see that FH exhibits a mass point inthe range of wages in whi
h �rms o�er pooling 
ontra
ts.We now pro
eed to fully 
hara
terize the equilibria in simple 
ontra
ts that 
an arise inthis model. First we 
onsider equilibria where the 
ontra
ts o�ered by all �rms are in
entive
ompatible. In those situations, whi
h requires the learning rate ρ to be su�
iently large, all�rms promote workers who stay long enough with the �rm, and they never exer
ise a demotionoption. In 
ontrast, if the learning rate is su�
iently low, the market equilibrium is segmented,featuring some pooling 
ontra
ts at the top of the wage o�er distribution, with promotions ofhigh-ability workers and demotions of low-ability workers. To save notation, we write instead ofthe 
ontra
t pair (ωH , ωL) the pair of initial wages (wH , wL), and we also write all value fun
tionexpressions in those starting wages.14When in
entive 
onstraints are sla
k, our restri
tion to rank-preserving wage poli
ies has impli
ations forthe relationship between �rm size, wages and produ
tivity we dis
uss in Se
tion 4.2. Without it, �rms thato�er 
ontra
ts with sla
k in
entive 
onstraints might not exhibit a positive relationship between wages, size andworkfor
e produ
tivity.

11



3.2 Separating EquilibriumWorkersIn a 
andidate separating equilibrium the value fun
tions of unemployed workers i = L,H aregiven by
(φ+ λ)Ui = b+ λ

∫ wi

Ri

Vii(w) dFi(w) . (3)For employed workers i = L,H in probation 
ontra
ts with initial wage wi, we have
[φ+ δ + ρ+ λ(1− Fi(wi))]Vii(wi) = wi + δUi + ρVi(pi) + λ

∫ wi

wi

Vii(w) dFi(w) . (4)For promoted workers we have
[φ+ δ]Vi(pi) = pi + δUi ,sin
e these workers never quit in a separating equilibrium.15 Note again that in equation (4)the reservation wage of an employed workers is given by the 
urrent (initial) wage sin
e all �rmso�er the same promotion wage (for a given type). The reservation (initial) wages of unemployedworkers are given by
Ri = b− ρ

pi − φUi

φ+ δ
< b . (5)The in
entive 
onstraint for low-ability workers is

wH − wL ≤ b−RL . (6)As dis
ussed before, high-ability workers do not misreport their type so that their in
entive
onstraint never binds. Also in
entive 
onstraints for low-ability workers are always sla
k at thelowest wage of the o�er distribution. Possibly, however, in
entive 
onstraints for these workersare binding at higher wages. We denote the 
riti
al threshold wages by w̃i su
h that the in
entive
onstraint (6) is binding for wi ≥ w̃i and sla
k otherwise.Steady-State MeasuresSimple steady-state 
onsiderations yield the unemployment rate for both types,
u =

(φ+ δ)

φ+ δ + λ
,as well as the earnings distribution of workers employed at initial wages below or equal to wi:

Gi(wi) =
(φ+ δ)Fi(wi)

φ+ δ + ρ+ λ(1− Fi(wi))
.15Sin
e all �rms o�er in
entive-
ompatible 
ontra
ts, low-ability workers earning pL 
annot gain utility bya

epting an outside o�er. This will be di�erent when �rms at the top of the o�er distribution post pooling
ontra
ts. 12



Pro�t MaximizationFirms' steady-state pro�t �ows are given by ΩH(wH) + ΩL(wL) where
ΩL(wL) = ℓL(wL)(pL − wL) , ΩH(wH) = ℓH(wH)(pH − wH) ,and ℓi(wi) denotes the steady-state workfor
e of workers of ability i who are employed at initialwage wi. Steady state and optimal turnover then imply that in this 
andidate equilibrium

ℓi(wi) =
λαi[u+Gi(wi)(1− u)]

φ+ δ + ρ+ λ(1− Fi(wi))
.The �rms' pro�t is therefore given by

Ωi(wi) =
A0αi

[φ+ δ + ρ+ λ(1− Fi(wi))]2
(pi − wi) , where A0 ≡

λ(φ+ δ + ρ+ λ)(φ+ δ)

φ+ δ + λ
. (7)Pro�t-maximizing �rms are indi�erent between all 
ontra
ts in the support of the wage-o�erdistribution. When in
entive 
onstraints do not bind (i.e., wi < w̃i), the 
onstant pro�t 
onditionholds for ea
h ability type independently. Equating Ωi(wi) = Ωi(Ri) yields o�er distributionswith a similar fun
tional form as in Burdett and Mortensen (1998). Namely,

Fi(wi) =
(φ+ δ + ρ+ λ)

λ

[
1−

(
pi − wi

pi − Ri

)1/2
]
, wi ≤ w̃i . (8)For wages above w̃i, the in
entive 
onstraint (6) binds. Substitution into the �rm's pro�t fun
tiongives, for wH ≥ w̃H ,

ΩH(wH) + ΩL(wH − b+RL) =
A0[pH − wH + α(pL − wH + b−RL)]

[φ+ δ + ρ+ λ(1− FH(wH))]2
.Now the 
onstant-pro�t 
ondition ΩH(wH) + ΩL(wH − b+RL) = ΩH(RH) + ΩL(RL) yields thewage-o�er distribution

FH(wH) =
(φ+ δ + ρ+ λ)

λ

[
1−

(
p− wH(1 + α) + α(b− RL)

p− R

)1/2
]
, wH ≥ w̃H , (9)where we de�ne p ≡ pH + αpL and R ≡ RH + αRL.Rank PreservationUsing (8) and FL(ŵ(wH)) = FH(wH), we obtain that

wL = ŵ(wH) = pL −

(
pL − RL

pH − RH

)
[pH − wH ] , wH ≤ w̃H . (10)This equation then implies that the in
entive 
onstraint (6) is ful�lled for all wages

wH ≤ w̃H ≡
b(pH − RH)− RH(pL −RL)

pH − RH − pL +RL
. (11)For wages above w̃H , the binding in
entive 
onstraint de�nes wL = ŵ(wH) = wH − b+RL.13



Sla
k In
entive ConstraintsIf the �rms' learning rate is su�
iently large (above threshold level ρ1 de�ned below), thein
entive 
onstraint is sla
k for all wages in the wage distribution. In this situation, the thresholdwage w̃H ex
eeds the upper bound wH of the distribution of initial wage o�ers. Using (8) and
Fi(wi) = 1, we 
an solve for the upper bounds

wi = pi − C2(pi − Ri) , i = L,H, where C ≡
φ+ δ + ρ

φ+ δ + ρ+ λ
. (12)To �nd reservation wages, rewrite equations (3) and (5) to obtain

φ+ δ
ρ (Ri − b) + pi − b = λ

∫ wi

Ri

[Vii(w)− Vii(Ri)] dFi(w) =

∫ wi

Ri

λ(1− Fi(w))

φ+ δ + ρ+ λ(1− Fi(w))
dw ,(13)where the last equation uses partial integration and the derivative of (4). Solving the integralusing (8) yields

Ri =
(φ+ δ + ρ) (φ+ δ + ρ+ λ)2 b− ρ[(φ+ δ + ρ+ λ)2 − λ2]pi

(φ+ δ)(φ+ δ + ρ+ λ)2 + λ2ρ
. (14)Sin
e promotion wages for high-ability workers are higher, we have RH < RL.From (12) and (14) we obtain the top initial wages:

wi = pi −
(φ+ δ + ρ)3

(φ+ δ)(φ+ δ + ρ+ λ)2 + λ2ρ
[pi − b] . (15)Sin
e wH − wL = wH − ŵ(wH) is in
reasing in wH , the in
entive 
onstraint (6) is sla
k for allwages if it is sla
k at wH . Using (14) and (15), this is true if and only if

pL − b
pH − pL

>
λ2 + 2λ(φ+ δ)− ρ(φ+ δ + ρ)

ρ(ρ+ φ+ δ + 2λ)
. (16)This inequality de�nes a unique threshold level ρ1 > 0 for the �rms' learning rate su
h thatin
entive 
onstraints are sla
k for all ρ > ρ1.16Binding In
entive ConstraintsIf ρ ≤ ρ1, in
entive 
onstraints must be binding for some wages at the top of the wage o�erdistribution so that w̃H ≤ wH . In this 
ase we 
an use FH(wH) = 1 with (9) to �nd

wH = 1
1 + α

[
p+ α(b− RL)− C2(p− R)

]
. (17)16To verify this 
laim rewrite (16) as pL−b

pH−pL

[ρ(ρ+ φ+ δ + 2λ)] = λ2 +2λ(φ+ δ)− ρ(φ+ δ+ ρ). Note that theLHS of this equation equals zero at ρ = 0 and is stri
tly in
reasing in ρ, while the RHS is positive at ρ = 0 andis stri
tly de
reasing in ρ. Continuity implies that there exists a unique ρ1 > 0 that solves this equation, su
hthat in
entive 
onstraints are sla
k for all ρ > ρ1. 14



Reservation wages for the two worker types are again obtained from equations (13). In AppendixB (proof of Proposition 1) we show how these equations 
an be solved for RL and RH . Giventhese solutions, we 
an ba
k out w̃i from (11), wH from (17), wL = wH − b + RL, and thewage-o�er distributions from (8) and (9). All these equilibrium obje
ts are uniquely de�ned.The 
andidate equilibrium 
hara
terized by these equations only 
onstitutes an equilibrium ifthe highest initial wage o�ered to low-ability workers wL does not ex
eed their marginal produ
t
pL. If wL > pL, �rms 
ould not 
redibly o�er su
h 
ontra
ts to low-ability workers sin
e theywould prefer to layo� the worker after he signed up. In fa
t, if the learning rate is su�
ientlylow, and given a su�
iently high job-arrival rate λ, it is possible that the highest in
entive
ompatible wage o�er to low-ability workers ex
eeds their marginal produ
t. We denote ρ2 < ρ1as the threshold value for the learning rate su
h that wL ≤ pL if ρ ≥ ρ2. This threshold value isstri
tly positive if the parameter 
ondition

pH − pL >
(

φ+ δ
λ+ φ+ δ

)2
[p− (1 + α)b] (18)is satis�ed, whi
h requires the job arrival rate λ to be su�
iently large.17 Intuitively, for largervalues of λ, �rms 
ompete more �er
ely for workers whi
h drives up the highest wage o�ers. Atthe same time, it be
omes harder to separate workers be
ause misreporting workers quit fasterto another job before they 
an be demoted. Furthermore, the threat of a demotion is weakerif workers qui
kly �nd other jobs. For these reasons, it may not be feasible for �rms to o�erseparating 
ontra
ts at the top of the wage-o�er distribution when λ is relatively large.To verify that there is no pro�table deviation for �rms from the 
hara
terized 
andidateequilibrium, we still need to make sure that �rms do not �nd pro�table deviations to a simplepooling 
ontra
t. In Appendix B, we prove that this 
laim is ful�lled provided that ρ ≥ ρ2, andhen
e wL ≤ pL. By virtue of Lemma 1, the 
andidate equilibrium with separating �rms is amarket equilibrium. Thus, we haveProposition 1: There are threshold values ρ1 > ρ2 ≥ 0, su
h that for any ρ ≥ ρ2, there existsa unique market equilibrium in simple 
ontra
ts with dispersed o�ers in initial wages wi drawnfrom distributions Fi and support [Ri, wi], with Ri < b and wi ≤ pi, and separation of workerssu
h that(a) if ρ > ρ1, in
entive 
onstraints are sla
k for all �rms;(b) if ρ ≤ ρ1, in
entive 
onstraints are binding for �rms o�ering wH ≥ w̃H with w̃H ≤ wH ,while they are sla
k for all other �rms.Moreover, ρ2 is stri
tly positive if 
ondition (18) is satis�ed.17In the proof of Proposition 1, we establish the existen
e of the threshold value ρ2. While 
umbersomeanalyti
al expressions 
ompli
ate a uniqueness proof, all our numeri
al examples suggest a unique value ρ2 sin
ethe de�ning equation is monotoni
 in ρ. 15



3.3 Segmented Equilibrium with Pooling at Top WagesIf ρ < ρ2, there is no equilibrium in whi
h all �rms are able to separate workers by o�eringan in
entive-
ompatible 
ontra
t menu. In su
h situations, �rms at the top of the wage-o�erdistribution de
ide to o�er pooling 
ontra
ts designed to attra
t and retain high-ability work-ers. Low-ability workers a

ept these 
ontra
ts, anti
ipating that �rms demote them to theirreservation wage after learning their type.Firms at the top of the wage distribution pool workers of high and low ability in the same
ontra
t at initial wages wH > w∗
H ≡ ŵ−1(pL) = pL + b − RL. Su
h situations o

ur if thejob-arrival rate is su�
iently large (indu
ing �rms to 
ompete more �er
ely for workers) andthe learning rate is su�
iently small (so that in
entive-
ompatible initial wages are su�
iently
lose).18Whenever �rms o�er pooling 
ontra
ts wH > w∗

H , they attra
t all workers of low-ability thathave been promoted to pL at another (lower wage) �rm sin
e these workers stri
tly prefer thejob with a higher initial wage even though they expe
t to be demoted later on. Sin
e thereis a positive mass of su
h workers whi
h yield negative expe
ted pro�t value when employedin a pooling 
ontra
t wH > w∗
H , the pro�t value of �rms o�ering w∗

H + ε would jump downdis
ontinuously, unless the wage o�er distribution has a mass point at w∗
H . With a mass pointof the wage o�er distribution at wage w∗

H , a positive mass of high-ability workers employed at
w∗

H quit their job to outside o�ers w∗
H + ε, su
h that in equilibrium this pro�table in�ow of high-ability workers exa
tly o�sets the unpro�table in�ow of low-ability workers.19 Furthermore, atthe mass of �rms o�ering the in
entive-
ompatible 
ontra
t pair (w∗

H , pL), equilibrium requiresthat a positive fra
tion of low-ability workers do not self-sele
t into 
ontra
t pL but insteadmisreport high ability by 
hoosing w∗
H .20 In fa
t, we prove the following:Lemma 3: If ρ < ρ2, a positive mass of �rms o�er 
ontra
t menu (w∗

H , pL). Low-abilityworkers 
onta
ted by these �rms report high ability with positive probability.In what follows we 
hara
terize an equilibrium where a positive mass of �rms o�er 
ontra
t18It is important to note that pooling at top wages will still o

ur even if we were to allow �rms to o�erlow-ability workers wages above their marginal produ
t. This arises be
ause �rms o�ering the highest wages tohigh-ability workers will also need to o�er high wages to low-ability workers in order to satisfy their in
entive
onstraint. Given a small enough ρ relative to λ, su
h a strategy be
omes too 
ostly for high-wage �rms whi
hthen prefer to hire all workers at the same initial wage, promoting high-ability workers and demoting low-abilityones after learning their types. See Carrillo-Tudela and Kaas (2011) for the formal argument using 
onstant wage
ontra
ts.19In the Burdett and Mortensen (1998) model, mass points in the o�er distribution are ruled out be
ause higherwage o�ers would lead to a pro�table in�ow of workers employed at the mass point. Here this in�ow is neededpre
isely to 
ompensate for the losses on low-ability hires.20Even though the low-wage 
ontra
t is in
entive-
ompatible, low-ability workers are indi�erent between thetwo 
ontra
ts and they may equally well a

ept the 
ontra
t with the higher initial wage. In prin
iple, su
hdeviations 
ould also o

ur at lower wages with binding in
entive 
onstraints, but �rms would easily preventthose by paying ε > 0 more to workers of low ability. At the 
ontra
t pair (w∗
H , pL), however, su
h 
ounterdeviations are not possible, sin
e �rms 
annot 
redibly o�er wages above pL to workers of low ability.16



pair (w∗
H , pL) su
h that a fra
tion of low-ability workers misreport their type, so that somepooling o

urs at these �rms. Possibly there is also a mass of �rms o�ering pooling 
ontra
ts

wH > w∗
H . We 
an equivalently interpret su
h a pooling 
ontra
t as a menu of 
ontra
t pairs

(wH , pL) where pL is so unattra
tive that low-ability workers do not a

ept this o�er but insteadreport high ability with starting wage wH . Without loss of generality and to keep the notation
onsistent throughout, we spe
ify the analysis in terms of su
h 
ontra
t pairs where initial wagesare linked a

ording to wL = ŵ(wH), su
h that pL = ŵ(wH) for wH > w∗
H , thus violatingin
entive 
ompatibility (6).In a segmented equilibrium, the di�erent types of �rms 
an be ranked a

ording to their wageo�ers wH ∈ [RH , wH ] as follows.1. For RH ≤ wH < w̃H , �rms o�er separating 
ontra
ts with sla
k in
entive 
onstraints.2. For w̃H ≤ wH < w∗

H = pL + b−RL, �rms o�er separating 
ontra
ts with binding in
entive
onstraints.3. Mass η > 0 of �rms o�er the 
ontra
t menu (w∗
H , pL). Low-ability workers misreport theirtype with probability ξ > 0.4. Firms o�ering wH > w∗

H pool all workers in the same 
ontra
t, promoting high-abilityworkers and demoting low-ability workers.The last group of �rms only exists if the learning rate is su�
iently low. In fa
t, in ournumeri
al examples, we determine a threshold value of the learning rate, denoted ρ3 (< ρ2),su
h that a positive mass o�er pooling 
ontra
ts at wH > w∗
H if ρ < ρ3. For ρ ∈ [ρ3, ρ2), in
ontrast, the highest pooling wage is at w∗

H . Although we do not have an existen
e proof for ρ3,in Proposition 2 we prove the existen
e of a pooling equilibrium for both these 
ases together.To des
ribe the equilibrium, suppose that mass η > 0 of �rms o�er the 
ontra
t menu
(w∗

H , pL), and that fra
tion ξ of low-ability workers who are o�ered these 
ontra
ts opt for w∗
H ,thus pooling with high-ability workers. Denote by ϕ = FL−(pL) = FH−(w

∗
H) the fra
tion of �rmso�ering separating 
ontra
ts stri
tly below (w∗

H , pL). When the mass point is the highest o�eredwage (ρ ≥ ρ3), we have that ϕ+ η = 1; otherwise ϕ+ η < 1.In Appendix B (proof of Proposition 2) we 
hara
terize a 
andidate equilibrium in simple
ontra
ts by a set of equations determining the ve
tor of equilibrium obje
ts E ≡ (ϕ, ξ, η, RL, RH)and we also prove that su
h a 
andidate equilibrium exists. Under the 
onditions of Lemma 1,the 
andidate equilibrium is a market equilibrium:Proposition 2: For any ρ < ρ2, there exists a 
andidate equilibrium in simple 
ontra
tswith dispersed o�ers in initial wages wi drawn from distributions Fi and support [Ri, wi], with
Ri < b. The 
andidate equilibrium is a market equilibrium if the 
ondition stated in Lemma 1holds. Firms with wH < w∗

H = pL + b − RL o�er separating 
ontra
ts to all workers. There is17



also a positive mass of �rms o�ering wH ≥ w∗
H who pool low-ability workers in the same 
ontra
tas high-ability workers.We brie�y dis
uss some of the impli
ations for labor turnover in an equilibriumwith pooling attop wages. First, low-ability workers have a higher degree of turnover. While high-ability workersare promoted at rate ρ and subsequently leave the job at rate φ+ δ, low-ability workers expe
t ademotion to wage b at �ow rate ρ, with subsequent quits at rate λ (in addition to separation andlabor market exit risks). Se
ond, the segmented equilibrium features wage gains and wage 
uts,both within �rms (promotions and demotions) and between �rms. Parti
ularly, demoted low-ability workers are willing to quit to new employers o�ering promotion 
ontra
ts with startingwages below b. Third, low-ability workers are underrepresented in high-wage (pooling) �rms, andtherefore high-wage �rms are more produ
tive. Conversely, �rms o�ering separating 
ontra
tshave a higher proportion of low-ability workers in their workfor
es. Furthermore, sin
e quitrates are falling in wages, the proportion of high-ability workers is in
reasing in wH > w∗

Hamong pooling �rms. The intuition is that high-wage �rms are able to attra
t and retain moreworkers of both types, while they demote misreporting low-ability workers at the same rate ρ(who subsequently quit at rate λ), independent of the o�ered initial wage.21 We summarize theseobservations as follows.Corollary 1: If ρ ≥ ρ2, both worker types have the same turnover patterns, no workerexperien
es wage 
uts without intervening unemployment spells, and all �rms have the sameability 
omposition of the workfor
e. If ρ < ρ2, low-ability workers have higher turnover rates,and they experien
e wage 
uts within and between �rms. Firms o�ering pooling 
ontra
ts (high-wage �rms) have a more produ
tive workfor
e than �rms o�ering separating 
ontra
ts (low-wage�rms). Among high-wage �rms with wH > w∗
H , the workfor
e produ
tivity is in
reasing in wH .4 Quantitative Impli
ationsIn this se
tion we show that our model delivers predi
tions about the relationships between jobmobility and wages and between internal mobility and �rm size whi
h are in line with empiri
aleviden
e. At the same time, we show that those predi
tions are not easily pi
ked up by standardjob-ladder models.We 
alibrate our model to mat
h the following statisti
s for the U.S. labor market. Set thetime period to a month and let φ = 0.002 re�e
t an average working life of 40 years. We set

ρ = 0.027 to re�e
t an average learning period of three years, whi
h we take from Lange (2007).2221Due to the mass point at w∗
H , the relationship between �rm size and workfor
e produ
tivity is generallynon-monotone.22Lange (2007) estimates a model in whi
h employers learn gradually the ability of their employees. His estimateimplies that employers' initial expe
tation errors de
line by 51% during the �rst three years of employment andde
line to 36% of their initial value after �ve years. This suggests that a large part of employer learning o

ursin the �rst few years of an employment relationship. Although we 
onsider a di�erent learning pro
ess, we take18



We set δ = 0.02 to re�e
t the adjusted layo� rate of Davis et al. (2008) and normalize b = 1.We set the remaining four parameters, λ (meeting rate), pL and pH (worker produ
tivities), and
α (mass of low-ability workers) to mat
h the following four 
alibration targets: (1) A monthlyjob-to-job transition rate of 2.8%, whi
h 
orresponds to the average monthly EE rate reportedby Nagypal (2005) based on Current Population Survey data for all workers and whi
h is also
lose to her estimates for workers aged 25�34. (2) An average promotion gain of 8%, whi
h
orresponds to the estimate of Pergamit and Veum (1999) based on workers with approximately10 years in the labor market in the NLSY (see Table 5, spe
i�
ation 2 in their paper).23 (3) Anaverage quit gain of 3%. (4) An average layo� loss of 4%. These last two 
alibration targets
orrespond to our own estimation results using the NLSY for workers with approximately 10years in the labor market.24To 
al
ulate the 
orresponding model statisti
s, we solve our model for the stationary equi-librium 
hara
terized above. We then simulate the labor market transitions of 100,000 workersduring the �rst ten years of their work life. The parameters are estimated by minimizing the sumof squared distan
es between the simulated moments and the data moments. Table 1 shows the
alibrated parameter values and how our model mat
hes the 
alibration targets stated above.Table 1: Parameter 
hoi
es and 
alibration targets.Parameter Value Model statisti
s Value

λ 0.118 Monthly EE �ow 2.7%
pL 1.004 Quit gain 3.0%
pH 1.131 Promotion gain 8.0%
α 0.324 Layo� loss 4.2%The 
alibrated model implies that in equilibrium 29% of �rms o�er separating 
ontra
ts,the Lange (2007) estimate as the best available for our purposes and assume an average learning period of threeyears. Using an average learning period of four or �ve years does not 
hange our main 
on
lusions. In Se
tion5.2 we brie�y dis
uss the possible impli
ations of gradual learning in our setting.23Consistent with the interpretation of our model, Pergamit and Veum (1999) �nd that in the NLSY mostworker-reported promotions do not involve a 
hange in job title and nearly all promotions involve a wage in
rease.In parti
ular, they �nd that around 56% of those who re
eived a promotion did not 
hange job title and essentiallyperformed the same duties as before. Only 14% were promoted to a higher-level job in a di�erent se
tion, whilethe rest obtained new jobs be
ause of reorganization, a lateral move or be
ause they took their supervisor's job.Of all promotions, 89% led to a wage in
rease. The reported promotion gain of 8% is the average wage 
hange forall types of promotions. But even promotions that involved performing the same duties as before raised wagesby about 7%.24These estimates are obtained by using �rst di�eren
es on the regressions used in Se
tion 4.1 and des
ribedin Appendix C for the period 1987-1994, whi
h is 
hosen so that the average potential labour market experien
eis 10 years. The wage gain estimate after a job-to-job transition is 
onsistent with that of Pergamit and Veum(1999), Table 5, spe
i�
ation 2. 19



while 71% of �rms o�er pooling 
ontra
ts.25 The equilibrium unemployment rate is 16.8%, andreservation wages are RH = 0.935 < RL = 0.999. Among employed high-ability workers, 47.7%are in the initial period of a 
ontra
t, while the rest are promoted to w = pH . Among employedlow-ability workers, 83.7% are in probation (where 89.4% of these workers are found in pooling�rms), 2.2% are promoted to w = pL, while the remaining 14.1% are demoted to w = b. Further,
4.6% of low-ability workers experien
e wage 
uts when making a job-to-job transition.Our 
alibrated model also implies that the monthly promotion rate is 1.2%. This statisti
sis a bit smaller than the average monthly promotion rate of 2% obtained by Pergamit and Veum(1999) for workers with around 10 years in the labor market in the NLSY.26 We also obtain amonthly demotion rate of 0.5%, whi
h implies a promotion-to-demotion ratio of 2.4. Given thatone tends to 
onsider demotions as infrequent events, this number might seem low. However,Belzil and Bognanno (2008), analyzing a survey of exe
utives in U.S. �rms, �nd that within-�rmpromotions are only slightly more frequent than demotions.274.1 Worker Mobility and Wage Dynami
sWe now analyze the impli
ations for workers' job mobility and wage dynami
s. Is it the 
asethat workers move to better paying jobs over time, as predi
ted, for example, by the Burdettand Mortensen (1998) model? An important �nding of Light and M
Garry (1998) is that moreseparations are negatively related to wages. But as they do not distinguish between separationsinto non-employment and job-to-job transitions, those results 
annot be dire
tly used to evaluateour model predi
tions against other theories of job mobility.To take di�erent labor market transitions into a

ount, we use a similar sample of the NLSYas Light and M
Garry (1998) and regress the log of real hourly wages on 
umulative 
ounts of job-25Among the �rms o�ering separating 
ontra
ts, η = 0.05% are at the mass point (pL, w

∗
H), where ξ = 53%of low-ability workers misreport their type. Note that our wage o�er distributions has an in
reasing an 
onvexdensity as in the Burdett and Mortensen (1998) model. The threshold values for ρ des
ribed in the previousse
tions are ρ1 = 0.123, ρ2 = 0.119 and ρ3 = 0.116. Further, the 
ondition in Lemma 1 holds in this 
alibration.26Note that in the 
alibration presented above promoted high-ability workers will not experien
e a se
ondpromotion without �rst losing their jobs. The latter arises be
ause high-ability workers will not quit their jobson
e they are promoted. This 
reates a tension with the data in whi
h many workers have more than onepromotion, and these are likely workers of �high ability�. As an alternative 
alibration, we use the 2% promotionrate of Pergamit and Veum (1999) as a 
alibration target whi
h delivers ρ = 0.05. This 
alibration still produ
esa segmented equilibria with very similar properties as the ones dis
ussed in Se
tions 4.1 and 4.2. In this 
ase we�nd that 61% of all employed high-ability workers are promoted, aggravating the tension with the data. Althoughnot pursued here, one way to address this issue is to introdu
e a reallo
ation sho
k as in Jolivet et al. (2006) oradd �rm heterogeneity as suggested in Carrillo-Tudela and Kaas (2011).27When de�ning a promotion (demotion) as an upward (downward) 
hange in reporting levels, the promotion-to-demotion ratio is 1.08. When 
onsidering only level 
hanges that were a

ompanied by job title 
hanges,the promotion/demotion ratio in
reases to 1.6. If one only 
onsiders job title 
hanges, disregarding 
hanges inreporting level, the promotion/demotion ratio is 5.05. Further, Kramarz et al. (2014), using Fren
h administrativedata, �nd that the promotion/demotion ratio within �rms is 3.6 based on o

upational 
hanges. See also Lazear(1992) and Seltzer and Merrett (2000) for eviden
e on the extent of demotions based on �rm 
ase studies.20



to-job transitions and non-employment spells, together with the same number of further 
ontrolsthat Light and M
Garry (1998) used. As Table 2 shows, both 
oe�
ients are negative in the OLSwage regression.28 In light of the literature on earnings losses after displa
ements (see Ja
obsonet al. (1993) for a seminal study), the negative 
oe�
ient on the 
ount of non-employment spellsis not surprising. But we also observe a negative 
orrelation between the 
umulative 
ountof job-to-job transitions and 
urrent earnings. This goes against the intuition from standardtheories of on-the-job sear
h where workers generally 
limb up the wage distribution as theymove between employers. Taking intervening non-employment spells into a

ount, as we do inthe wage regressions, one should therefore expe
t a positive relationship between the number ofpast job-to-job transitions and 
urrent wages. Indeed, when we run the same wage regression onsimulated data from a Burdett and Mortensen (1998) model, we 
on�rm this insight: more job-to-job transitions 
orrelate positively with wages.29 We further prove in the Appendix (Lemma A.2)that more job-to-job transitions (
ounted from the last non-employment spell) in the Burdettand Mortensen (1998) model indeed lead to higher expe
ted wages.30The last 
olumn in Table 2 shows that the same regression applied to our model 
an a

ountfor the empiri
al observations: more job-to-job transitions are negatively 
orrelated with wages,while again non-employment spells go together with lower earnings. Note that this �nding doesnot 
ontradi
t the average wage gain of 3% of a job-to-job transition in our 
alibration (Table 1).We argue that the negative link between the 
ount of job-to-job transitions and wages is drivenby worker (unobserved) heterogeneity, both in our model and in the data. To test this, we followthe pro
edure des
ribed in Light and M
Garry (1998) and run IV regressions on our data sampleto a

ount for unobserved worker heterogeneity in the error term. We �nd that in this 
ase the
oe�
ient on job-to-job transitions turns positive, while the 
oe�
ient on non-employment spellsstays negative (see Appendix C for further details). Hen
e, standard job ladder models appearto be fully 
onsistent with the data on
e worker heterogeneity is a

ounted for. On the otherhand, those models miss the fa
t that some workers 
hurn a lot in the labor market and yetremain largely unsu

essful.3128The 
oe�
ient estimates shown in Table 2 are obtained using all available years in the NLSY (1979-2010).Light and M
Garry (1998) use the �rst 8 years of workers' labor market history. Using the �rst 8, 10 or 15 yearsof workers labor market history does not 
hange our general 
on
lusion. The job-to-job transition 
oe�
ients at8, 10 and 15 years are -0.007, -0.0075 and -0.0081, respe
tively, all signi�
ant at a 1% level. The non-employmentspell 
oe�
ients at 8, 10 and 15 years are -0.0137, -0.0140 and -0.0159, respe
tively, again all signi�
ant at a 1%level. See Appendix C for the data des
ription and a dis
ussion of the regression spe
i�
ations used.29The reported regression results are based on a homogeneous worker version of the model, but it remains truewhen we use the two-worker version as in our 
alibration. It is also not sensitive to the parametrization. We usethe same 
alibrated parameters as for our model (with α = 0 so that all workers have produ
tivity pH). In thesimulated data both for our model and for the Burdett and Mortensen (1998) model, workers have very similaraverage experien
e, job duration, number of job-to-job transitions, number of job-to-nonemployment transitionsand non-employment durations; see Appendix C for further details.30This theoreti
al �nding is not trivial sin
e workers with few job transitions are predominantly workers whoinitially �nd a good job and hen
e have less reasons to quit.31Light and M
Garry (1998) also �nd 
onsiderable variation in mobility patterns. Parti
ularly, the mobility ofsome workers does not de
line over time, while other workers undergo no or only little job mobility.21



Table 2: Wage regressionsData ModelsB-M CT-KJTJ −0.0073 0.0009 −0.0051NESP −0.0185 −0.0034 −0.0040EXP 0.0431 0.0021 0.0055EXP2/10 −0.0075 −0.0005 −0.0010

R2 0.331 0.064 0.161Notes: Data regressions are based on the NLSY, regressions for the Burdett-Mortensen model (B-M) and for ourmodel (CT-K) are based on simulations of 100,000 workers; for further details about the sample, 
ontrol variablesand robustness, see Appendix C. JTJ and NESP stand for the 
umulative 
ounts of job-to-job transitions and non-employment spells, EXP is a
tual labor market experien
e. All reported 
oe�
ients are statisti
ally signi�
antat the 1% level.In our model, workers of high-ability 
limb up the distribution of initial wages with every quituntil they are promoted to their marginal produ
t in whi
h 
ase no further job-to-job transitionso

ur unless the worker is displa
ed. In 
ontrast, low-ability workers misreport their ability levelsometimes, whi
h 
an lead to demotions and to further job transitions to low-wage employers.32Hen
e, low-ability workers undergo mu
h higher job mobility.334.2 Internal Mobility and Firm SizeAnother feature present in our model that does not 
ome out of a standard job ladder model likeBurdett and Mortensen (1998), is the presen
e of within �rm worker mobility and its relation-ship with �rm size. Our model is able to generate the positive relationship between �rm size,internal mobility, wages and job stability observed in the data. In the 
alibration larger (pooling)�rms have a 2% higher internal mobility rate (de�ned as promotions and demotions relative toemployment) than smaller (separating) �rms, whi
h is 
onsistent with the eviden
e obtained byIdson (1989).34 Alongside this result, we also �nd that workers in smaller (separating) �rms have32Consistent with Gibbs et al. (2002) and Belzil and Bognanno (2008), demotions in our model are a

ompaniedby pay 
uts and by subsequent in
reases in job-transition probabilities.33Kahn (2013) also suggests that su
h 
omposition e�e
ts are present in the NLSY data, �nding that moversare on average of lower ability than stayers. In parti
ular, she �nds that movers have lower AFQT s
ores, yearsof s
hool, and tenure in the year before they moved, relative to stayers. See Table 2 of her paper for furtherdetails.34In the 
alibration the relative di�eren
e in internal mobility between larger and smaller �rms depends quiteheavily on the value of ρ. For example, with ρ = 0.05 (as obtained when targeting an average monthly promotionrate of 2%) implies that larger (pooling) �rms have around 17% higher internal mobility than smaller (separating�rms). 22



18% lower tenure than workers in larger (pooling) �rms, whi
h is 
onsistent with the empiri
allywell do
umented fa
t that larger employers have lower job separation rates.35Furthermore, as we establish in Corollary 1, pooling �rms have a more produ
tive workfor
ethan separating �rms. We 
on�rm this �nding in the 
alibrated example but note that produ
-tivity di�eren
es are tiny whi
h is explained by the feature that most workers in the 
alibrationhave high ability and that produ
tivity di�eren
es between workers are also not too large. Wedo reprodu
e, however, the usual positive relationships between �rm size and wages, 
onsistentwith the empiri
al eviden
e (e.g. Brown and Medo� (1989), Idson and Oi (1999)). Although�rms in our model are ex-ante identi
al, we expe
t that a similar 
on
lusion obtains if �rmsdi�er in their exogenous produ
tivity level, in whi
h 
ase positive sorting between workers and�rms should obtain in equilibrium.36Re
ently, Papageorgiou (2014) presents a theory that is also able to explain the positiverelationship between �rm size, internal mobility, wages and job stability. A key di�eren
e isthat Papageorgiou (2014) uses o

upational mobility within the �rm to measure and model theinternal mobility of workers (see also Kramarz et al. (2014)). Further, his theory is based onworkers' learning about their mat
h quality in a given o

upation within the �rm and hen
e is
losely related to that of Jovanovi
 (1979) and Mos
arini (2005). Instead, here we build on sear
hmodels in the Burdett and Mortensen (1998) tradition and fo
us on �rms' learning about theprodu
tivity of a worker. Also Papageorgiou (2014) does not 
onsider long-term wage 
ontra
ts,but instead uses spot wages that are determined by Nash bargaining. We see our 
ontributionsas 
omplementary. Using di�erent approa
hes, both our paper and Papageorgiou (2014) relatewithin and between �rm mobility in an equilibrium framework in the 
ontext of labor marketfri
tions.5 Further Dis
ussionHere we dis
uss some variations to our assumptions. In Se
tion 5.1 we 
onsider the 
ase in whi
h�rms 
an observe their appli
ants' employment status to analyze whether using this informationmakes it easier to separate workers. In this 
ontext we analyze two types of 
ontra
ts: (i) up-or-out 
ontra
ts, where workers that reported their type truthfully get promoted and misreportingworkers are laid o�; and (ii) up-or-down 
ontra
ts as analyzed in the previous se
tions.37 Animportant 
on
lusion from these extensions is that information on employment status strengthens�rms' monopsony power whi
h makes it easier to separate workers. In Se
tion 5.2 we dis
ussalternative assumptions about the �rms' learning pro
ess and their impli
ations.35Note that in our model the relationship between �rm size and job stability is generally ambiguous. This isbe
ause high-wage �rms have higher quit rates of demoted low-ability workers.36In a previous version of this paper with �at-wage 
ontra
ts (Carrillo-Tudela and Kaas (2011)), we prove thisassertion.37Up-or-out 
ontra
ts are 
ommon pra
ti
e in some labor markets, su
h as those for a
ademi
s, 
onsultantsand lawyers. 23



5.1 Information on Employment StatusConsider the same setup as before, but now �rms o�er a menu of four 
ontra
ts ωs
i = (ws

i , w
+s
i , w−s

i )indexed by the worker's reported ability level i = L,H and employment status s = u, e. The �rst
omponent, ws
i , denotes the initial wage o�ered to a worker of employment status s that reportstype i. When a �rm learns a worker's type, the worker re
eives w+s

i = pi if he reported histype truthfully. Otherwise, he re
eives w−s
i . In the 
ase of up-or-out 
ontra
ts, it is notationally
onvenient to assume that �rms set w−s

i below the worker's reservation wage, whi
h is equivalentto a layo�. In the 
ase of up-or-down 
ontra
ts, w−s
i equals the worker's reservation wage asanalyzed in previous se
tions. Let F s

i denote the 
orresponding o�er distribution of initial wages,where ws
i and ws

i denote the in�mum and supremum of its support, for i = L,H and s = u, e.The workers' value fun
tions are similar to the ones des
ribed in equations (19)-(22) and aredes
ribed in Appendix D. The main di�eren
e is that the o�er distributions and their supportsare now indexed by s. The in
entive-
ompatibility 
onstraint is now ws
j−ws

i ≤ ρ[Vi(pi)−Ui]. Theproblem of the �rm is to maximize ∑s=u,eΩ
s
H(w

s
H) + Ωs

L(w
s
L) by 
hoosing ws

H , w
s
L for s = u, e.Sin
e �rms 
an perfe
tly di�erentiate workers by employment status, they 
hoose (wu

L, w
u
H) and

(we
L, w

e
H) independently. Hen
e the problem of hiring workers in the unemployment market 
anbe treated independently from that of hiring workers in the employment market. Equilibriumrequires that the optimal 
hoi
es of ws

i must be 
onsistent with the o�er distributions F s
i andthe asso
iated fun
tion ŵs. On
e again we analyze a rank preserving equilibrium su
h that ŵsis in
reasing and F s

H(w) = F s
L(ŵ

s(w)) for ea
h s = u, e and for all w in the support of F s
H .Despite this 
hange, we show that for a su�
iently low learning rate, a segmented equilibriumemerges with higher turnover of low-ability workers and higher workfor
e produ
tivity of high-wage �rms. The key di�eren
e between the up-or-out 
ontra
ts and the up-or-down 
ontra
tsis that when a segmented equilibrium arises, up-or-out 
ontra
ts imply that the unemploymentpool is biased towards low-ability workers.5.1.1 Up-or-out 
ontra
tsLemma 4: Consider the model where �rms o�er up-or-out 
ontra
ts and 
ondition their o�erson employment status. Then, for any initial wages earned by workers of type i = H,L who werehired from employment (we

i ) or from unemployment (wu
i ) it holds that we

i > wu
i .The above result shows that the supports of the o�er distributions F u

H and F e
H do not over-lap. Importantly, this result is independent from whether we have a separating or a segmentedequilibrium. Non-overlapping supports imply that workers hired from unemployment quit assoon as they get an outside o�er during the probation period. Firms then maximize pro�ts byo�ering unemployed workers their reservation wage. This leads F u

i to degenerate to a mass pointat wu
i = Ri for i = L,H . Further, the in
entive-
ompatibility 
onstraint for low-ability workershired from unemployment be
omes RH −RL ≤ ρ[VL(pL)−UL], whi
h never binds sin
e pH > pLimplies that RL > RH holds for any ρ. This result shows that information on employment status24



enables �rms to exert their full monopsony power when hiring these workers, leading to an out-
ome similar to that of Diamond (1971), whi
h in turn makes it easier to separate unemployedworkers.Sin
e workers earning their reservation wage fa
e o�er distributions F e
i , the in�mum of thesupport is we

i = Ri whi
h is not o�ered in equilibrium, so that all �rms re
ruit workers hiredfrom unemployment upon 
onta
t. In Appendix D we fully 
hara
terize the equilibrium where�rms observe workers' employment status and use up-or-out 
ontra
ts. There we show that theproblem fa
ed by �rms hiring employed workers turns out to be isomorphi
 to the one fa
edby �rms o�ering promotion/demotion 
ontra
ts without 
onditioning on employment status
onsidered in the previous se
tions. In parti
ular, the in
entive-
ompatibility 
onstraint for low-ability workers hired from employment is now given by we
H − we

L ≤ ρ[pL − b]/(φ + δ). As wede
rease ρ, this 
onstraint starts to bind at high wages. De
reasing ρ further then implies that�rms start o�ering pooling 
ontra
ts when the in
entive 
ompatible we
L ex
eeds pL. Therefore

F e
H and F e

L 
an be derived in the same way as before and the main insights still apply here.The di�eren
e, however, is that with up-or-out 
ontra
ts �rms do not extra
t rents from workers
aught misreporting their type, whereas 
onditioning 
ontra
ts on employment status allows�rms to stri
tly in
rease pro�ts by segmenting its hiring markets.To illustrate the properties of this version, we provide a quantitative example using the same
alibration targets as in Se
tion 4. When �rms 
an 
ondition their o�ers on employment status,reservation wages are lower. This redu
es all initial wages in the o�er distributions whi
h makesit easier for �rms to separate workers. As a result, the threshold values for parameter ρ wherein
entive 
onstraints start and where pooling is the preferred 
hoi
e for some �rms are lower thanin the ben
hmark model. Indeed, we have that ρ1 = 0.0404 > ρ2 = 0.0395 > ρ3 = 0.0393 . Givenour a value of ρ = 0.027, a segmented equilibrium with pooling at top wages is the out
ome.In this equilibrium low-ability workers have an unemployment rate of uL = 32.8%, while high-ability workers have an unemployment rate of uH = 28.7%. Reservation wages are RH = 0.911,
RL = 0.993. Di�erent from the ben
hmark model, however, this model predi
ts a positive e�e
tof the 
ount of job-to-job transitions on wages.In the environment analyzed in this paper, up-or-out 
ontra
ts 
ould arise, for example, be-
ause �rms fa
e downward wage rigidities that do not allow them to 
ut wages. However, withoutsu
h imposed 
onstraints, �rms will always prefer to use up-or-down 
ontra
ts. To understandthis, �rst note that both 
ontra
ts o�er worker the same in
entives to report truthfully theirtype. Sin
e with up-or-out 
ontra
ts misreporting workers are laid o�, �rms make stri
tly lesspro�ts ex-post relative to up-or-down 
ontra
ts where �rms 
ontinue to make pro�ts on demotedworkers. From an ex-ante perspe
tive, �rms will also prefer to use up-or-down 
ontra
ts as theyprovide workers with the same in
entives as up-or-out 
ontra
ts. Given these arguments, we nowturn to the 
ase in whi
h �rms observe their appli
ants' employment status and use up-or-down
ontra
ts.
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5.1.2 Up-or-down 
ontra
tsThe analysis of the 
ase of up-or-down 
ontra
ts is very similar to the one of up-or-out 
ontra
tsdes
ribed in Appendix D.38 With non-overlapping supports of the o�er distributions F u
H and

F e
H , we have that information on employment status on
e again enables �rms to exert their fullmonopsony power when hiring unemployed workers, whi
h in turn makes it easier to separatethese workers. Further, the threshold values ρ1 and ρ2 as well as all separating equilibria arethe same as in the previous subse
tion. The di�eren
e arises in the 
ase of segmented equilibriawhere demotions (instead of layo�s) o

ur in equilibrium. A segmented equilibrium with up-or-down 
ontra
ts therefore has very similar properties to those of the ben
hmark model 
onsideredin the previous se
tions.To illustrate these properties, we 
alibrate this version of the model using the same targetsas we used for our ben
hmark model. The model mat
hes the targets reasonably well, exhibitinga job-to-job transition rate of 2.5%, a quit gain, a layo� loss and a promotion gain of 3.0%,

4.5% and 6.7%, respe
tively. The 
uto� values for the learning rate are ρ1 = 0.0394 > ρ2 =

0.0383 > ρ3 = 0.0380, whi
h implies the 
alibrated model is 
hara
terized by a segmentedequilibrium. In this equilibrium 80.2% of �rms o�er separating 
ontra
ts, while 19.8% of �rmso�er pooling 
ontra
ts, re�e
ting that �rms �nd it easier to separate when they 
an exert ahigher degree of monopsony power at the hiring stage. The latter is illustrated in the lowervalues of unemployed workers' reservations wages relative to the ben
hmark model, where RLand RH are now 0.994 and 0.916, respe
tively. Further, this 
alibration exhibits a promotionrate of 1.4% and a demotion rate of 0.2%, yielding a higher promotion-to-demotion ratio relativeto the ben
hmark model.Using this 
alibration we revisit the impli
ations for wage dynami
s and job mobility and therelationship between �rm size and internal mobility. In both 
ases we �nd that the predi
tionsof the ben
hmark model survive when �rms 
ondition their 
ontra
ts on workers' employmentstatus. In parti
ular, we perform the same exer
ise as des
ribed in Table 2 and obtain thatthe 
oe�
ient for the 
umulative 
ount of job-to-job transitions remains negative, although itis now one order of magnitude lower relative to the ben
hmark 
ase (-0.0002 vs -0.005). The
oe�
ient for the 
umulative 
ount of non-employment spells also remains negative and of similarmagnitude as before (-0.007 vs -0.004). Regarding internal mobility and �rm size, we �nd thatthe internal mobility rate is 14% higher in larger (pooling) �rms relative to smaller (separating)�rms. We also �nd that jobs in smaller (separating) �rms have 2.6% lower tenure than those inlarger (pooling) �rms, as well as a positive relationship between wages and �rm size.38Given the similarity between the two analyses, we do not present the 
ase of up-or-down 
ontra
ts. Theonly substantial di�eren
e is that the pro�ts of pooling �rms in
lude an additional term whi
h re�e
ts the pro�tsearned on demoted workers, whi
h is similar to the proof of Proposition 2.
26



5.2 Firms' Learning Pro
essIn the framework of our model, �rms learn worker ability with 
ertainty at Poisson rate ρ. This is
learly a strong abstra
tion whi
h masks many important features of real-world employer learn-ing. In a more general model, the �rm would draw signals whi
h are imperfe
tly 
orrelated withthe worker's ability, so that the �rm has to update its beliefs about worker ability with every newsignal. While su
h learning pro
esses are often applied in simpler environments, they tremen-dously 
ompli
ate the analysis in our model, given that we allow wage 
ontra
ts to be 
ontingenton all veri�able information. A wage 
ontra
t in su
h a general model should spe
ify sequen
esof �ow wages (w(sn))n≥0 whi
h are 
ontingent on the signal histories sn = (s0, s1, . . . , sn) wheresignals arrive at an exogenous Poisson rate. Even with a �nite (e.g. two state) signal spa
e, the�rm's 
ontra
ting problem and the 
orresponding equilibrium analysis would 
ompli
ate greatly.Alternatively, 
ontra
ts 
ould be restri
ted to a one time promotion/demotion only. In su
h aworld, making signals reveal partial information restrains the �rm's ability to promote or de-mote the worker; thus it should be harder for the �rm to satisfy in
entive 
ompatibility. This,we 
onje
ture, would lead to more pooling in equilibrium.One 
an also think about further elaborating the learning pro
ess by letting the �rm de
ide
ρ. A natural way to endogenize ρ is by letting �rms 
hoose 
ostly monitoring intensity m,su
h that an in
reasing fun
tion ρ̂(m) determines the learning rate for any given m ≥ 0. Anobvious question in su
h a setting is whi
h �rms in the wage-o�er distribution use more intensivemonitoring. Given that in
entive 
onstraints are tighter in the upper part of the wage-o�erdistribution, we 
onje
ture that high-wage �rms spend more on monitoring and therefore areable to promote (or demote) workers faster; this me
hanism would strengthen our previous resultthat larger �rms have higher internal mobility rates. By varying parameters of the monitoring
ost fun
tion, the optimal 
hoi
es of ρ will 
hange and we 
ould perform the same exer
ises asdone so far to understand �rms' ability to separate workers when information fri
tions 
hangerelative to sear
h fri
tions.6 Con
lusionsIn this paper we 
onsider a model of the labor market in whi
h sear
h fri
tions 
oexist withinformation fri
tions. The latter arise as �rms do not observe worker ability upon hiring butgradually learn it over time. Given this adverse sele
tion problem, we show that when thelearning rate is su�
iently low, an equilibrium emerges in whi
h low-wage �rms attempt tohire both low- and high-ability workers by o�ering in
entive-
ompatible separating 
ontra
ts.These 
ontra
ts o�er initially a low wage and then promote the worker by in
reasing his wageto marginal produ
tivity. High-wage �rms, however, o�er 
ontra
ts that pay the same initialwage to all workers, but after learning their employees' types they promote high-ability workersand demote low-ability workers. This implies that low-ability workers 
an experien
e a wage
ut or a wage rise when undertaking a job-to-job transition, while high-ability workers 
an only27



experien
e wage rises when 
hanging jobs without an intervening spell of unemployment.In su
h a segmented equilibrium, low-ability workers have a higher degree of job turnover andlower average earnings than high-ability workers. To gain further insights on this relationship,we 
alibrate our model and show that it generates indeed a negative overall relationship betweenthe number of job-to-job transitions and wages, whi
h is 
onsistent with the eviden
e that weobtain in NLSY data, extending the empiri
al �ndings of Light and M
Garry (1998). Su
h anegative relationship is not easily pi
ked up by standard models of job-to-job mobility, su
h asBurdett and Mortensen (1998), where workers generally 
limb up the wage ladder as they movebetween employers.It should be an interesting extension to in
lude di�erent o

upations and assignment problemswithin the �rm. For example, suppose that �rms aim to assign workers into one of two di�erento

upations, su
h that only high-ability workers 
an e�
iently perform the �high o

upation�,yielding output pH , whereas low-ability workers should be assigned to the �low o

upation�,produ
ing output pL<pH . Any mismat
h between workers' abilities and o

upations yields(weakly) lower output levels. If a worker self-sele
ts to the right o

upation/
ontra
t, the �rmpromotes the worker after learning his type, but if he is 
aught misreporting, the �rm re-assignsthe worker to the 
orre
t o

upation and pays the demotion wage. In su
h a setting, this model
ould speak to o

upational mobility within and a
ross �rms.Referen
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Appendix A: Worker strategiesLet Ui denote the value of unemployment of a worker with ability i = L,H. Note that on
e this workeren
ounters a potential employer, the �rm does not observe his ability, so that the worker 
an 
laim to beof di�erent ability. For any 
ontra
t ω = (w,w+, w−), let Vij(ω) denote the maximum expe
ted value ofemployment for a worker with ability i employed in probation at initial wage w after reporting type j.We 
an think of these workers as randomly meeting �rms who draw 
ontra
t o�ers (ωH , ωL) from jointdistribution Ψ. The worker then de
ides whi
h 
ontra
t to 
hoose (if any) to maximize expe
ted lifetimein
ome. Using this insight and standard dynami
 programming arguments, the Bellman equation thatdes
ribes Ui is given by
φUi = b+ λ

∫
max[ViL(ωL)− Ui, ViH(ωH)− Ui, 0]dΨ(ωH , ωL) . (19)The value of employment for a worker of ability i employed in 
ontra
t ωi = (wi, w

+
i , w

−
i ) at the initialwage is given by

φVii(ωi) = wi + λ

∫
max[ViL(ω

′
L)− Vii(ωi), ViH(ω′

H)− Vii(ωi), 0]dΨ(ω′
H , ω

′
L)

+δ(Ui − Vii(ωi)) + ρ(Vi(w
+
i )− Vii(ωi)) ,

(20)where the 
ontinuation value after promotion is given by
φVi(w

+
i ) = w+

i +λ

∫
max[ViL(ω

′
L)−Vi(w

+
i ), ViH(ω′

H)− Vi(w
+
i ), 0]dΨ(ω′

H , ω
′
L)+ δ(Ui − Vi(w

+
i )) . (21)Now 
onsider a worker of type i that misreported his type and is 
urrently earning the initial wage wjin 
ontra
t ωj = (wj , w

+
j , w

−
j ). This worker's value fun
tion is des
ribed by

φVij(ωj) = wj + λ

∫
max[ViL(ω

′
L)− Vij(ωj), ViH(ω′

H)− Vij(ωj), 0]dΨ(ω′
H , ω

′
L)

+δ(Ui − Vij(ωj)) + ρ(Vi(w
−
j )− Vij(ωj)) .

(22)Finally, the 
ontinuation value after a demotion is given by
φVi(w

−
j ) = w−

j +λ

∫
max[ViL(ω

′
L)−Vi(w

−
j ), ViH(ω′

H)− Vi(w
−
j ), 0]dΨ(ω′

H , ω
′
L)+ δ(Ui − Vi(w

−
j )) . (23)From (20) and (22), it is easy to see that worker i's in
entive 
onstraint Vii(ωi) ≥ Vij(ωj) 
an beexpressed as wj − wi ≤ ρ[Vi(w

+
i )− Vi(w

−
j )], whi
h is (1) in the main text.When we 
onsider simple 
ontra
ts ωi = (w, pi, b), we simplify notation by expressing workers' valuefun
tions as Vii(w) et
. rather than Vii(ωi). In those situations it is straightforward to verify that anyworker's optimal sear
h strategy is des
ribed by a reservation wage. Let Rijk(x) denote the reservation(initial) wage of a worker in a probation 
ontra
t who (i) 
urrently re
eives �ow payo� x, (ii) is oftype i = L,H, (iii) has reported type j = L,H, and (iv) when meeting a �rm de
ides to report type

k = L,H. Thus, Rijk(x) is de�ned by Vij(x) = Vik(R). Similarly, Rik(x) is the reservation (initial)wage of a promoted/demoted worker with �ow in
ome x, whi
h is de�ned by Vi(x) = Vik(R). Theabove value fun
tions imply that an unemployed worker of type i a

epts a wage o�er w′ if and only if
w′ ≥ Rik(b) for i, k = L,H.We write Ri ≡ Rii(b) for the reservation (initial) wage of an unemployed worker of type i whoreports his true type. Those reservation wages are smaller than b sin
e truth-telling workers 
an expe
ta promotion to wi = pi > b at rate ρ. 32



Consider an employed worker of type i that reported his true type and is earning initial wage wi.Given 
onta
t with a �rm and revealing his true type on
e again (i.e. k = i), (20) implies that thisworker a

epts employment if and only if the �rm o�ers a wage w′
i > Riii(wi) = wi. If the worker de
idesto misreport his type (i.e. k 6= i), however, (20) and (22) imply that the worker a

epts employmentif and only if the �rm o�ers a wage w′

k > Riik(wi) = wi + ρ[Vi(pi) − Ui]. In this 
ase, the worker mustbe 
ompensated by the expe
ted loss of misreporting his type. Next 
onsider the same worker after hisemployer has learned his true type and is earning wage pi. Given 
onta
t with a �rm and revealing histrue type (i.e. k = i), (20) and (21) imply that this worker a

epts employment if and only if the �rmo�ers an initial wage w′
i > Rii(pi) = pi. If this worker de
ided to misreport his type, (21) and (22) implythat the worker a

epts employment if and only if the �rm o�ers a wage w′

k > Rik(pi) = pi+ρ[Vi(pi)−Ui].Now suppose that an employed worker of type i misreported type j 6= i and is earning the initialwage wj. Given 
onta
t with a �rm and reporting his true type (k = i), (20) and (22) imply that theworker a

epts employment if and only if the �rm o�ers a wage w′
i > Riji(wj) = wj − ρ[Vi(pi)−Ui]. Inthis 
ase, the worker voluntarily a

epts a wage 
ut sin
e the truth-telling worker expe
ts a promotiongain relative to the demotion loss. On the other hand, if the worker misreports his type on
e again

(k = j), the worker a

epts employment if and only if the �rm o�ers a wage w′
j > Rijj(wj) = wj .Finally 
onsider the same worker after his employer has learned his true type, earning demotion wage

b. This worker then behaves like an unemployed worker and a

epts any 
ontra
t that provides utilitygreater than the 
ontinuation value from unemployment.
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Appendix B: ProofsProof of Lemma 1Consider a 
andidate equilibrium in simple 
ontra
ts. That is, for any 
ontra
t pair (ωi)i=H,L =
(wi, pi, b)i=H,L in the support of Ψ, it holds that Ω∗ ≡

∑
i=H,LΩi(ωi) ≥

∑
i=H,LΩi(ω

′
i) for all pairsof simple 
ontra
ts (ω′

i)i=H,L = (w′
i, pi, b)i=H,L. To prove the Lemma, we need to show that no otherfeasible 
ontra
t pair of arbitrary form (ω̂i)i=H,L = (ŵi, ŵ

+
i , ŵ

−
i )i=H,L 
an lead to higher pro�t valuethan Ω∗. Feasibility requires that wi, w

+
i , w

−
i ≤ pi and w+

i , w
−
i ≥ b (otherwise the �rm or the workerwould quit the 
ontra
t).Consider �rst the situation where the deviating 
ontra
t pair (ω̂i)i=H,L is in
entive 
ompatible,i.e. for i 6= j,

ŵj − ŵi ≤ ρ[Vi(ŵ
+
i )− Vi(ŵ

−
j )] . (24)Note that Vii(ω̂i) ∈ [Ui, Vi(pi)]: Vii(ω̂i) 
annot be smaller than Ui (otherwise the 
ontra
t would notattra
t any workers), and it 
annot ex
eed Vi(pi) be
ause of the feasibility restri
tions ŵi, ŵ

+
i ≤ pi.Hen
e, for both i = H,L, there exist simple 
ontra
ts ω′

i = (w′
i, pi, b) su
h that Vii(ω′

i) = Vii(ω̂i). Thestarting wage w′
i is then pinned down by

w′
i + ρVi(pi) = ŵi + ρVi(ŵ

+
i ) . (25)Now it follows that the pair of simple 
ontra
ts (ω′

i)i=H,L is also in
entive-
ompatible: for any j 6= i

w′
j = ŵj + ρ[Vj(ŵ

+
j )− Vj(pj)]

≤ ŵi + ρ[Vi(ŵ
+
i )− Vi(ŵ

−
j )]

= w′
i + ρ[Vi(pi)− Vi(ŵ

−
j )]

≤ w′
i + ρ[Vi(pi)− Vi(b)] .Here the two equalities make use of (25), the �rst inequality makes use of (24) and ŵ+

j ≤ pj (whi
h implies
Vj(ŵ

+
j ) ≤ Vj(pj)), and the se
ond inequality makes use of ŵ−

j ≥ b (whi
h implies Vi(ŵ−
j ) ≥ Vi(b)).Be
ause of∑i=H,LΩi(ω

′
i) ≤ Ω∗, 
ontra
t pair (ω̂i)i=H,L does not lead to higher pro�t than Ω∗ if we 
anprove that Ωi(ω̂i) ≤ Ωi(ω
′
i) for i = H,L. To show this assertion, note that

Ωi(ω
′
i) = ℓ′i[pi −w′

i] and Ωi(ω̂i) = ℓ̂i

[
pi − ŵi + ρ

pi − ŵ+
i

φ+ δ + λq̂i

]
,where ℓ′i and ℓ̂i are the masses of workers of type i who are employed in the starting phases of the two
ontra
ts. Be
ause of Vii(ω′

i) = Vii(ω̂i), both 
ontra
ts attra
t the same number of type i workers whohave the same quit rates in the starting phase of the 
ontra
ts; hen
e ℓ′i = ℓ̂i. The terms in [.] are the �owpro�ts for ea
h of these workers; these 
ontain the �ow pro�t pi−w′
i (pi− ŵi) and a 
ontinuation pro�tvalue whi
h is realized at �ow rate ρ when the worker is promoted (whi
h is zero for the simple 
ontra
t

ω′
i). q̂i is the probability that worker i who is promoted to wage ŵ+

i quits this 
ontra
ts when meetinganother �rm. Be
ause of these expressions and (25), the requirement Ωi(ω̂i) ≤ Ωi(ω
′
i) is equivalent toshowing that

Vi(pi)− Vi(ŵ
+
i ) ≥

pi − ŵ+
i

φ+ δ + λq̂i
. (26)From workers' Bellman equations follows

Vi(pi) =
pi + δUi + λE{max[Vi(pi), Ṽi]}

φ+ δ + λ
and Vi(ŵ

+
i ) =

ŵ+
i + δUi + λE{max[Vi(ŵ+

i ), Ṽi]}
φ+ δ + λ

,34



where Ṽi is worker i's 
ontinuation utility from a random outside o�er. It follows
Vi(pi)− Vi(ŵ

+
i ) =

pi − ŵ+
i + λE{max[Vi(pi), Ṽi]−max[Vi(ŵ+

i ), Ṽi]}
φ+ δ + λ

≥
pi − ŵ+

i + λ[Vi(pi)− Vi(ŵ
+
i )](1 − q̂i)

φ+ δ + λ
.Rearranging proves (26).Se
ond, suppose that the deviating 
ontra
t pair (ω̂i)i=H,L is not in
entive 
ompatible so that allworkers pool in 
ontra
t ω̂H . The alternative s
enario where both workers pool in 
ontra
t ω̂L is then
aptured as well: if both workers would pool in 
ontra
t ω̂L = (ŵL, ŵ

+
L , ŵ

−
L ), we 
an de�ne 
ontra
t

ω̃H = (w̃H , w̃
+
H , w̃

−
H) by w̃H = ŵL, w̃+

H = ŵ−
L , w̃−

H = ŵ+
L , and pi
k an arbitrary unattra
tive 
ontra
t

ω̃L, so that all workers pool in 
ontra
t ω̃H . We 
an therefore 
onsider the 
ase where all workers poolin some 
ontra
t ω̂H and we need to prove that ΩH(ω̂H) ≤ Ω∗. We 
an write
ΩH(ω̂H) = ℓ̂H

[
pH − ŵH + ρ

pH − ŵ+
H

φ+ δ + λq̂H

]

︸ ︷︷ ︸
≡ π̂H

+ℓ̂L

[
pL − ŵH + ρ

pL − ŵ−
H

φ+ δ + λq̂L

]

︸ ︷︷ ︸
≡ π̂L

,where ℓ̂i is steady-state employment of type i workers in the starting phase of this 
ontra
t and q̂i,
i = H,L, are the probabilities that promoted/demoted workers of type i quit 
ontra
t ω̂H when outsideo�ers arrive. As in the �rst part of the proof, be
ause of VHH(ω̂H) ∈ [UH , VH(pH)], there exists a simple
ontra
t ω′

H = (w′
H , pH , b) su
h that VHH(ω′

H) = VHH(ω̂H). This implies that
w′
H + ρVH(pH) = ŵH + ρVH(ŵ+

H) . (27)Be
ause 
ontra
t ω′
H attra
ts the same mass of H-workers as ω̂H , and quit rates in the starting phaseare also the same, it follows that ℓ′H = ℓ̂H . The simple 
ontra
t ω′

H yields higher pro�t per worker oftype H if π′H ≡ pH − w′
H ≥ π̂H whi
h is equivalent to ŵH − w′

H ≥ ρ
pH−ŵ+

H
φ+δ+λq̂H

, whi
h be
ause of (27) isequivalent to
VH(pH)− VH(ŵ+

H) ≥
pH − ŵ+

H
φ+ δ + λq̂H

. (28)Note that VH(pH) = pH+δUH
φ+δ and VH(ŵ+

H) =
ŵ+

H+δUH+λq̂H V̂H

φ+δ+λq̂H
where V̂H is the expe
ted 
ontinuationutility for a H-worker quitting w+

H . Substitution into (28) and rearranging yields the equivalent inequal-ity
V̂H ≤

pH + δUH
φ+ δ

= VH(pH) ,whi
h is ful�lled sin
e no �rm 
an o�er a greater 
ontinuation utility than VH(pH). This proves thatthe simple 
ontra
t yields (weakly) greater pro�t on H workers:
ℓ′Hπ

′
H ≥ ℓ̂H π̂H . (29)To prove that ΩH(ω̂H) ≤ Ω∗, we distinguish between two 
ases: π̂L ≥ 0 and π̂L < 0. In the �rstone, we 
an 
onstru
t a simple 
ontra
t ω′

L that is in
entive-
ompatible to ω′
H and su
h that 
ontra
tpair (ω′

H , ω
′
L) dominates pooling 
ontra
t ω̂H . In the se
ond 
ase other arguments are required.Suppose �rst that π̂L ≥ 0. By de�ning w′

L = ŵH − ρ[VL(pL) − VL(ŵ
−
H)], the simple 
ontra
t

ω′
L = (w′

L, pL, b) yields the same utility to L-workers as the pooling 
ontra
t: VLL(ω′
L) = VLH(ω̂H).Moreover, the simple 
ontra
t is feasible, i.e. w′

L ≤ pL. This follows be
ause of
VL(pL)− VL(ŵ

−
H) ≥

pL − ŵ−
H

φ+ δ + λq̂L
,35



whi
h follows from a similar argument as (26), and be
ause of π̂L ≥ 0:
w′
L = ŵH − ρ[VL(pL)− VL(ŵ

−
H)] ≤ pL − π̂L + ρ

pL − ŵ−
H

φ+ δ + λq̂L
− ρ

pL − ŵ−
H

φ+ δ + λq̂L
≤ pL .This also proves that π′L = pL−w

′
L ≥ π̂L. The pair of simple 
ontra
ts (ω′

H , ω
′
L) is in
entive-
ompatiblesin
e VLL(ω′

L) = VLH(ω̂H) ≥ VLH(ω′
H). Here the inequality follows be
ause 
ontra
t ω′

H promises alower starting wage and a lower 
ontinuation wage to L-workers than 
ontra
t ω̂H (i.e. ŵH ≥ w′
H and

ŵ−
H ≥ b). Therefore, and be
ause of VLL(ω′

L) = VLH(ω̂H), simple 
ontra
t ω′
L when o�ered jointly with

ω′
H attra
ts the same number of L-workers as pooling 
ontra
t ω̂H . Hen
e ℓ′L = ℓ̂L whi
h implies

ℓ′Lπ
′
L ≥ ℓ̂Lπ̂L . (30)Be
ause the pair of simple 
ontra
ts (ω′

H , ω
′
L) yields pro�t not greater than Ω∗, it follows from (29) and(30) that ΩH(ω̂H) ≤ Ω∗.Suppose se
ond that π̂L < 0. Here we again need to distinguish between two situations. The �rstis the 
ase where only separating 
ontra
ts are o�ered in the 
andidate equilibrium. In this situation,

ℓ′Hπ
′
H is smaller than Ω∗ and it provides an upper bound for the deviating pooling 
ontra
t ω̂H , aswe show in the next paragraph. In the other situation where some pooling o

urs in the 
andidateequilibrium, further arguments are required.Consider �rst the 
ase in whi
h all �rms o�er separating 
ontra
ts in the 
andidate equilibrium(
f. Proposition 1). Be
ause of (29) and π̂L < 0, ℓ′Hπ′H provides an upper bound for ΩH(ω̂H). Hen
e, thedeviating 
ontra
t (ω̂H , ω̂L) does not lead to higher pro�t than Ω∗ if we 
an show that ℓ′Hπ′H ≤ Ω∗. Write

wH for the highest equilibrium starting wage o�ered to H-workers, and let ℓH denote the employmentof H-workers in the starting phase of this 
ontra
t. πH = pH − wH is the pro�t �ow for ea
h of theseworkers. If w′
H ≥ wH , it follows that π′H ≤ πH . Moreover, sin
e 
ontra
t (w′

H , pH , b) does not attra
tor retain any more H-workers than 
ontra
t (wH , pH , b) (be
ause the equilibrium distribution FH hasno mass point at wH as shown in Proposition 1), it follows that ℓ′H = ℓH . Hen
e,
ℓ′Hπ

′
H ≤ ℓHπH < ℓHπH + ℓLπL = Ω∗ .Conversely, if w′

H < wH , w′
H is in the support of the equilibrium wage-o�er distribution (
f. Proposition1). Hen
e, a feasible in
entive-
ompatible 
ontra
t (w′

L, pL, b) exists su
h that ℓ′Hπ′H < ℓ′Hπ
′
H + ℓ′Lπ

′
L =

Ω∗. Consider now the 
ase in whi
h π̂L < 0 and some �rms o�er pooling 
ontra
ts in the 
andidateequilibrium so that the arguments of the previous paragraphs do not apply. In this 
ase there may notexist a feasible simple 
ontra
t ω′
L whi
h is in
entive 
ompatible to 
ontra
t ω′

H and yields the sameutility to L-workers as pooling 
ontra
t ω̂H . Be
ause of w′
H ≤ ŵH and b ≤ ŵ−

H , the simple 
ontra
t
ω′
H = (w′

H , pH , b), when o�ered as a pooling 
ontra
t, is less attra
tive to L workers than pooling
ontra
t ω̂H and it also retains fewer of those workers; hen
e ℓ′L ≤ ℓ̂L. We further 
laim that the pro�tfrom any L worker in the simple 
ontra
t is no smaller than the one with 
ontra
t ω̂H , i.e.
π′L = pL − w′

H +
pL − b

φ+ δ + λ
≥ π̂L = pL − ŵH + ρ

pL − ŵ−
H

φ+ δ + λq̂L
.Be
ause of w′

H ≤ ŵH , this follows if
pL − b

φ+ δ + λ
≥

pL − ŵ−
H

φ+ δ + λq̂L
. (31)36



Consider any arbitrary demotion wage w− and de�ne fun
tion
H(w−) ≡

pL − w−

φ+ δ + λ[1− FL(w̌(w
−))]

,where w̌(w−) is the initial wage of a simple 
ontra
t that yields the same 
ontinuation payo� to worker
L as the �at demotion wage w−, so that [1−FL(w̌(w

−))] is the probability that L-workers quit demotionwage w−. Therefore, H(ŵ−
H) equals the right-hand side in 
ondition (31). The wage w̌(w−) satis�es

VLL(w̌(w
−), pL, b) = VL(w

−) (and hen
e w̌(b) = RL). With this notation, we 
an also de�ne Γ(w) ≡
H(w̌−1(w)) for initial wages w ≥ RL. Condition (31) for any feasible value of ŵ−

H is then equivalent to
Γ(w) ≤ Γ(RL) for all w ∈ [RL, pL]. The relation VLL(w, pL, b) = VL(w̌

−1(w)) 
an also be expressed as
w̌−1(w) = w + ρ[VL(pL)− VLL(w, pL, b)] ,so that we have

w̌−1′(w) = 1− ρ d
dw

V ′
LL(w, pL, b) =

φ+ δ + λ(1− FL(w))
φ+ δ + ρ+ λ(1− FL(w))

,whi
h makes use of the derivative of (4) whi
h applies to all wages w ≤ pL. Therefore, integrationimplies
w̌−1(w) = b+

∫ w

RL

φ+ δ + λ(1 − FL(w
′))

φ+ δ + ρ+ λ(1− FL(w
′))
dw′ ,so that

Γ(w) =
pL − b−

∫ w
RL

φ+δ+λ(1−FL(w
′))

φ+δ+ρ+λ(1−FL(w′))dw
′

φ+ δ + λ(1− FL(w))
.With the 
ondition of Lemma 1, the requirement Γ(w) ≤ Γ(RL) is ful�lled so that π̂L ≤ π′L. This,together with ℓ′L ≤ ℓ̂L and π̂L < 0 proves that ℓ′Lπ′L ≥ ℓ̂Lπ̂L. Therefore, the simple pooling 
ontra
t ω′

Hyields total pro�t ΩH(ω′
H) = ℓ′Hπ

′
H + ℓ′Lπ

′
L whi
h is at least as large as ΩH(ω̂H) = ℓ̂H π̂H + ℓ̂Lπ̂L. Thisproves that ΩH(ω̂H) ≤ ΩH(ω′

H) ≤ Ω∗. 2Proof of Lemma 2Note that a worker does not misreport his type whenever the in
entive-
ompatibility 
onstraint
Vii(wi) ≥ Vij(wj) holds for any o�ered pair (wi, wj). Using (20) and (22), it follows that this isequivalent to

wj − wi ≤ ρ[Vi(pi)− Ui] ,whi
h is identi
al to the in
entive 
onstraint (1). We 
an simplify this equation by making use of thereservation wage equation
Ri = b− ρ[Vi(pi)− Ui] , (32)where Ri = Rii(b) < b is the reservation initial wage of an unemployed worker of type i who reportstruthfully. Using this equation, we 
an rewrite the in
entive 
onstraints as (2). 2Proof of Proposition 1To express the dependan
e on ρ, we write Ri(ρ), i = H,L, for the reservation wages, and wi(ρ) forthe highest wages in the support of the o�er distributions. The separating equilibrium 
hara
terized inSe
tion 3.2 is feasible provided that wL(ρ) ≤ pL whi
h is equivalent to
wH(ρ) ≤ pL + b−RL(ρ) . (33)37



This inequality is stri
tly ful�lled as long as in
entive 
onstraints do not bind (that is, if ρ ≥ ρ1), be
auseof wL < pL. On the other hand, when ρ tends to zero, RL(ρ) → b, while
wH(ρ) → wH(0) = 1

1 + α

[
p−

(φ+ δ)2(p− (1 + α)b)

(λ+ φ+ δ)2

]
.Be
ause (18) is equivalent to wH(0) > pL, inequality (33) fails if ρ < ρ1 is su�
iently small. Hen
e,under 
ondition (18), there exists ρ2 ∈ (0, ρ1) su
h that the separating equilibrium is feasible for any

ρ ≥ ρ2. On the other hand, if (18) fails, either (33) holds for all ρ ∈ [0, ρ1], in whi
h 
ase the separatingequilibrium is feasible for all ρ ≥ ρ2 = 0, or 
ondition (33) fails for some values ρ ∈ [0, ρ1] in whi
h 
ase
ρ2 > 0 is de�ned as the supremum of those values of ρ where (33) holds with equality.Conditional on ρ ≥ ρ2, we �rst solve for equilibrium reservation wages when in
entive 
onstraintsbind. De�ne

hi(w) ≡
λ(1− Fi(w))

φ+ δ + ρ+ λ(1− Fi(w))
, i = L,H ,and split the integral expressions in the reservation wage equations (13) as follows:

∫ w̃H

RH

hH(w)dw = w̃H −RH + 2C(Y 1/2 − 1)(pH −RH) ,

∫ wH

w̃H

hH(w)dw = wH − w̃H +
2C

1 + α

[
C(p−R)− (p −R)1/2(p+ α(b−RL)− (1 + α)w̃H )1/2

]
,

∫ w̃L

RL

hL(w)dw = w̃L −RL + 2C(Y 1/2 − 1)(pL −RL) ,

∫ wL

w̃L

hL(w)dw = wL − w̃L +
2C

1 + α

[
C(p−R)− (p −R)1/2(p+ α(b−RL)− (1 + α)w̃H)1/2

]
,where we de�ne Y ≡ pH−b−pL+RL

pH−RH−pL+RL
. Adding up the integral expressions gives

∫ wH

RH

hH(w)dw =
1

1 + α

[
(p−R)(1 + C2) + α(b−RH)

]

+2C
α

1 + α
[pH − b− pL +RL]

1/2[pH −RH − pL +RL]
1/2 − 2C(pH −RH)and ∫ wL

RL

hL(w)dw =
1

1 + α

[
(p−R)(1 + C2) +RH − b

]

−2C
1

1 + α
[pH − b− pL +RL]

1/2[pH −RH − pL +RL]
1/2 − 2C(pL −RL) .Substitution of these terms into the reservation wage equations (13) yields two nonlinear equations thatdetermine RL and RH simultaneously. Adding the equation for RH to the one for RL multiplied by α,we see that the nonlinear term disappears so that we 
an solve for R = RH + αRL:

R =
pρC(C − 2) + b(1 + α)(ρ + φ+ δ)

φ+ δ + ρ(1− C)2
.We 
an now substitute RH = R − αRL into the reservation wage equation for RL, whi
h is quadrati
in RL. The relevant root is obtained as follows:

RL =
4C2(F (1 + α) +G)− 2DE +

√
[4C2(F (1 + α) +G) − 2DE]2 − 4(4C2(1 + α)− E2)(4C2FG−D2)

2E2 − 8C2(1 + α)
,38



with
D ≡ b[(1 + α)

φ+ δ

ρ
+ α] + p(1 + C2)− pL(1 + α)(1 + 2C)−RC2 ,

E ≡ (1 + α)[2C −
φ+ δ

ρ
]− α , F ≡ pH − b− pL , G ≡ pH −R− pL .These reservation wages, together with w̃i from (11), wH from (17), wL = wH − b + RL, and thewage o�er distributions from (8) and (9), 
hara
terizes the 
andidate equilibrium with binding in
entive
onstraints. To prove that the 
andidate equilibrium indeed is an equilibrium, we still need to show thatno separating �rm �nds it optimal to deviate to a simple pooling 
ontra
t. We formulate this assertionas Lemma A.1 below. Be
ause of this Lemma and Lemma 1, the 
andidate equilibrium is a marketequilibrium. 2Lemma A.1: For any ρ ≥ ρ2, �rms do not �nd pro�table deviations to a simple pooling 
ontra
t.Proof: Consider a �rm o�ering a simple pooling 
ontra
t ω̃ = (wH , pH , b) su
h that wH ≤ wH , toretain high-ability workers. Note that o�ering a pooling 
ontra
t (wH , pH , b) in whi
h wH > wH is notpro�table sin
e this 
ontra
t has the same hiring and retention rate of workers as the pooling 
ontra
t

(wH , pH , b), but leads to lower pro�t per worker.Instead of o�ering the pooling 
ontra
t ω̃ = (wH , pH , b), the �rm 
an also o�er a menu of separating
ontra
ts (ωH , ωL) with ωH = ω̃ and ωL = (ŵ(wH), pL, b), ŵ(wH) = wH − b + RL ≤ pL. The pooling(separating) 
ontra
ts, 
onditional on hiring a worker, yield expe
ted pro�t values Ω̃ (Ω) satisfying
Ω̃ = ℓ̃H [pH − wH ] + ℓ̃L

[
pL − wH + ρ

pL − b

φ+ δ + λ

]
,

Ω = ℓH [pH − wH ] + ℓL[pL − ŵ(wH)] ,where ℓ̃i and ℓi are the numbers of workers of ability i in the starting phase of the two 
ontra
ts. Notethat both 
ontra
ts have the same hiring and quit rates for both worker types in the pre-promotionstage sin
e FL(ŵ(wH)) = FH(wH) and low-ability workers are indi�erent between reporting type L ortype H at the o�ered 
ontra
t wages. Therefore, ℓi = ℓ̃i for i = H,L, and the pooling 
ontra
t stri
tlydominates the separating 
ontra
t if and only if
pL − ŵ(wH) < pL − wH + ρ

pL − b

φ+ δ + λ
,whi
h is equivalent to (see (5) and (6))

wH − ŵ(wH) = ρ
pL − φUL

φ+ δ
< ρ

pL − b

φ+ δ + λ
.This in turn is the same as

φUL >
λpL + (φ+ δ)b

φ+ δ + λ
. (34)On the other hand, we have that

(φ+ λ)UL = b+ λ

∫ wL

RL

VLL(w)dFL(w) < b+ λ
pL + δUL

φ+ δ
,sin
e no 
ontra
t o�ered to low-ability workers yields utility value greater than (pL+ δUL)/(φ+ δ). Butthis inequality is equivalent to

φUL <
λpL + (φ+ δ)b

φ+ δ + λ
, (35)39



whi
h 
ontradi
ts (34) and thus proves that the separating 
ontra
t dominates the pooling 
ontra
twhen ρ ≥ ρ2. This 
ompletes the proof of Lemma A.1. 2Proof of Lemma 3We �rst show that �rms make negative expe
ted pro�t on any low-ability worker hired in a pooling
ontra
t with initial wage wH ≥ w∗
H = ŵ−1(pL), i.e.
pL − wH + ρ

pL − b

φ+ δ + λ
< 0 ,for all wH ≥ pL + b−RL. This is true if and only if

ρ
pL − φUL

φ+ δ
= b−RL > ρ

pL − b

φ+ δ + λ
.In the proof of Proposition 1 we show that this inequality is ful�lled (see equation (35)).To prove the �rst 
laim, suppose there is no mass point. Then ρ < ρ2 implies that wH > w∗

H =
ŵ−1(pL) so that some �rms o�er pooling 
ontra
ts at w∗

H + ε. In the limit ε → 0, the in�ow (quit)rates of high-ability workers at these �rms are identi
al to the in�ow (quit) rates of high-ability workersat �rms with the highest separating 
ontra
t at w∗
H . However, for ε → 0, the in�ow rate of low-abilityworkers is stri
tly larger at w∗

H + ε than at w∗
H sin
e the former 
ontra
t attra
ts the mass of promotedlow-ability workers (earning pL) whereas the latter 
ontra
t does not. Hen
e, pro�t would jump downdis
ontinuously sin
e �rms make negative pro�ts on low-ability workers in a pooling 
ontra
t wH ≥ w∗

H .This 
ontradi
ts pro�t maximization.To prove the se
ond 
laim, suppose that all low-ability workers who are o�ered separating 
ontra
ts
(w∗

H , pL) report truthfully. Then �rms o�ering this 
ontra
t earn zero pro�ts on low-ability workersand positive pro�ts on high-ability workers. A �rm o�ering a separating 
ontra
t at w∗
H − ε and

wL = ŵ(w∗
H − ε), however, also earns (nearly) zero pro�t on low-ability workers and it has the samein�ow rate of high-ability workers in the limit ε → 0; however, the quit rate of high-ability workersjumps down dis
ontinuously from w∗

H −ε to w∗
H be
ause workers earning w∗

H −ε (w∗
H) quit (do not quit)to another �rm o�ering w∗

H . Sin
e there is a mass of �rms o�ering w∗
H , pro�ts jump up dis
ontinuouslyfrom w∗

H − ε to w∗
H , whi
h again 
ontradi
ts pro�t maximization.This 
ompletes the proof of Lemma 3. 2Proof of Proposition 2The proof pro
eeds in two steps. We �rst 
hara
terize the ve
tor of endogenous variables E ≡

(ϕ, ξ, η,RL, RH) by a set of equilibrium 
onditions. Se
ond, we prove that the 
andidate equilibriumexists using Brouwer's �xed-point theorem.Steady State MeasuresWe write Gi(w) for the earnings distribution of initial wages and G∗
i (w) for the earnings distributionof wages after promotions/demotions. Sin
e the latter has mass points at pi and at b and zero densityelsewhere, we write g∗i (pi), i = H,L, and g∗L(b) for the measures of employed workers after promo-tion/demotion. Sin
e the distribution of initial wages has a mass point at (w∗

H , pL), we write gL(pL),
gL(w

∗
H) and gH(w∗

H) for the measures of workers earning pL (low ability) or w∗
H (high and low ability)before promotion/demotion de
isions. We 
al
ulate these earnings distribution measures as fun
tionsof equilibrium variables E as follows.1. Low-ability workersWrite g1 = GL−(pL), g2 = GL(pL) − GL−(pL) = gL(pL), g3 = GL(w

∗
H) − GL−(w

∗
H) = gL(w

∗
H),

g4 = GL(wH) − GL(w
∗
H), g5 = g∗(b), g6 = g∗(pL). Thus, fra
tion G0 ≡ g1 + g2 + g3 + g4 of employedlow-ability workers re
eive initial wages and fra
tions g5 (g6) have been demoted (promoted). Hen
e,40



G0 + g5 + g6 = 1. Note that no low-ability worker earns a wage in the interval (pL, w∗
H), so that

GL−(w
∗
H) = GL(pL). Remember that fra
tion ϕ > 0 of �rms o�er wages stri
tly below pL and fra
tion

1−η−ϕ ≥ 0 o�er wages stri
tly above w∗
H . Also remember that fra
tion ξ of low-ability workers a

ept

w∗
H when o�ered (w∗

H , pL).
G0, g1, g2, g3, g5 and g6 satisfy the set of linear steady-state equations

g1[φ+ δ + ρ+ λ(1− ϕ)] = [φ+ δ + λg5]ϕ , (36)
g2[φ+ δ + ρ+ λ(1− ϕ− η)] = [φ+ δ + λ(g1 + g5)]η(1 − ξ) , (37)
g3[φ+ δ + ρ+ λ(1− ϕ− η)] = [φ+ δ + λ(g1 + g5)]ηξ , (38)

G0[φ+ δ + ρ] = [φ+ δ + λg5] + λg6(1− ϕ− η) , (39)
g5[φ+ δ + λ] = ρ(G0 − g1 − g2) , (40)

g6[φ+ δ + λ(1− ϕ− η)] = ρ(g1 + g2) . (41)These 
an be solved for
g1 + g2 =

C(E + ρ) +DE

B(E + ρ) +DF
, G0 =

E − F (g1 + g2)

E + ρ
,with

B = (φ+ δ + ρ+ λ(1− ϕ− η))(φ + δ + ρ+ λ(1− ϕ))(φ + δ + λ)

+λϕρ(φ+ δ + ρ+ λ(1− ϕ− ηξ)) + λρη(1− ξ)(φ+ δ + ρ+ λ(1− ϕ)) ,

C = (φ+ δ)(φ + δ + λ)
[
(ϕ+ η(1− ξ))(φ+ δ + ρ+ λ(1− ϕ)) − λϕηξ

]
,

D = λρ
[
(ϕ+ η(1− ξ))(φ + δ + ρ+ λ(1− ϕ)) − λϕηξ

]
,

E = φ+ δ + λ ,

F =
ρλ(ϕ+ η)

φ+ δ + λ(1− ϕ− η)
.The other variables gn, n = 1, . . . , 6 follow immediately from (36)�(41). The unemployment rate is

u = (φ+ δ)/(φ + δ + λ). For the earnings distributions of initial wages, the steady state relations are
GL(w) =

(φ+ δ + λg5)FL(w)

φ+ δ + ρ+ λ(1− FL(w))
if w < pL , (42)

GL(w) =
(φ+ δ + λg5)FH(w) + λg6(FH(w) − ϕ− η)

φ+ δ + ρ+ λ(1− FH(w))
if w > w∗

H . (43)2. High-ability workersFor the distribution of initial wages, steady state relations yield
GH(w) =

(φ+ δ)FH (w)

φ+ δ + ρ+ λ(1− FH(w))
, w 6= w∗

H ,and
gH(w∗

H) = GH(w∗
H)−GH−(w

∗
H) =

(φ+ δ + λGH−(w
∗
H))η

φ+ δ + ρ+ λ(1− ϕ− η)
.Pro�t MaximizationFirms are indi�erent between all 
ontra
ts in the o�er distribution. In the following, we derive thisindi�eren
e relation for di�erent wage o�ers to high-ability workers.41



For 
onvenien
e, we de�ne α̂ ≡ α
φ+δ+λg∗L(b)

φ+δ , whi
h is the ratio of low-ability worker who are eitherunemployed or demoted at wage b, relative to the mass of unemployed high-ability workers.39 We alsode�ne parameter A0 as in Se
tion 3, equation (7).1. wH ∈ [RH , w̃H): Firms o�er separating 
ontra
ts with sla
k in
entive 
onstraints.When the �rm o�ers wi to workers of ability i = H,L, pro�t is
Ω(wH , wL) =

A0[pH −wH ]

[φ+ δ + ρ+ λ(1− FH(wH))]2
+ α̂

A0[pL − wL]

[φ+ δ + ρ+ λ(1− FL(wL))]2
.With sla
k in
entive 
onstraints, pro�t is 
onstant for both worker types independently. This gives riseto the same wage o�er distributions (8) as in the previous se
tion. Rank preservation implies that thetwo initial wages are linked a

ording to (10), and the in
entive 
onstraint (6) implies that the thresholdwage w̃H satis�es (11).2. wH ∈ [w̃H , w

∗
H): Firms o�er separating 
ontra
ts with binding in
entive 
onstraints.In
entive 
onstraints are binding so that wL = ŵ(wH) = wH − b+RL. The �rm's pro�t is

Ω(wH , ŵ(wH)) =
A0

(φ+ δ + ρ+ λ(1− FH(wH)))2

[
pH − wH + α̂(pL − wH + b−RL)

]
.The 
onstant pro�t 
ondition Ω(wH , ŵ(wH)) = Ω(RH , RL) yields the wage o�er distribution

FH(wH) =
φ+ δ + ρ+ λ

λ

[
1−

(
p̂− wH(1 + α̂) + α̂(b−RL)

p̂− R̂

)1/2
]
, wH ∈ [w̃H , w

∗
H) , (44)where we de�ne p̂ ≡ pH + α̂pL and R̂ ≡ RH + α̂RL. We de�ne

C(x) ≡
φ+ δ + ρ+ λ(1− x)

φ+ δ + ρ+ λ
,and obtain, be
ause of FH−(w

∗
H) = FL−(pL) = ϕ, an equilibrium 
ondition for ϕ

C(ϕ)2 =
pH − pL − b+RL

p̂− R̂
. (45)3. wH = w∗

H : Mass η > 0 of �rms o�er the 
ontra
t menu (w∗
H , pL). Fra
tion ξ > 0 oflow-ability workers misreport their type.These �rm o�er pL to low-ability workers of whom fra
tion 1− ξ a

ept this 
ontra
t so that �rmsmake zero pro�ts on these workers. Fra
tion ξ of low-ability workers, being indi�erent between the two
ontra
ts, report the wrong type, earn initial wage w∗

H = pL+ b−RL and are demoted to wage b at the�rm's learning rate ρ. On ea
h worker of low ability hired into su
h a 
ontra
t, the �rm makes expe
tedpro�t
JL(w

∗
H) =

(φ+ δ + λ)(RL − b) + ρ(pL − b)

(φ+ δ + λ)(φ+ δ + ρ+ λ(1− ϕ− η))
.Note that low-ability workers before demotion quit at rate λ(1−ϕ− η) sin
e fra
tion 1−ϕ− η of �rmso�er initial wages above w∗

H . After demotion, these workers quit at rate λ. Note also that JL(w∗
H) isnegative (see the proof of Lemma 3).39The mass αφ+δ+λg∗

L
(b)

φ+δ+λ
of low-ability workers are unemployed or employed at demotion wage b, whereas thereare φ+δ

φ+δ+λ
unemployed high-ability workers. 42



The rate at whi
h low-ability workers are hired into this 
ontra
t is
hL(w

∗
H) =

αλξ

φ+ δ + λ

[
φ+ δ + λ(g∗L(b) +GL−(pL))

]
=

λα̂ξ(φ+ δ)(φ + δ + ρ+ λ)

(φ+ δ + λ)[φ+ δ + ρ+ λ(1− ϕ)]
.The �rst expression is the �ow of low-ability workers who are either unemployed or who are employedat wages below pL who report the wrong type when meeting this �rm (�ow rate λξ). The se
ondexpression makes use of the steady-state earnings distribution of low-ability workers (42). Therefore the�rm's pro�t on low-ability workers at wage w∗

H is
ΩL(w

∗
H) = hL(w

∗
H)JL(w

∗
H) =

A0α̂ξ[(φ+ δ + λ)(RL − b) + ρ(pL − b)]

[φ+ δ + ρ+ λ(1− ϕ)][φ+ δ + ρ+ λ(1− ϕ− η)](φ + δ + λ)
.Workers of high ability yield a pro�t �ow before promotion pH − w∗

H , quit at rate λ(1 − ϕ − η), andthey are hired at rate λ(φ+δ)(φ+δ+ρ+λ)
(φ+δ+λ)(φ+δ+ρ+λ(1−ϕ)) . Thus, for the �rm's pro�t, we have a similar expression:

ΩH(w∗
H) =

A0[pH − w∗
H ]

[φ+ δ + ρ+ λ(1− ϕ)][φ + δ + ρ+ λ(1− ϕ− η)]
.The 
onstant-pro�t 
ondition ΩL(w

∗
H) + ΩH(w∗

H) = Ω(RH , RL) then implies
C(ϕ)C(ϕ+ η) =

pH − pL − b+RL + ξα̂[RL − b+ ρ
φ+δ+λ(pL − b)]

p̂− R̂
, (46)whi
h is an equilibrium 
ondition for the endogenous variable ξ.4. wH > w∗

H : Firms pool all workers in the same 
ontra
t, promoting high-abilityworkers and demoting low-ability workers.If the equality
1− ϕ− η = 0 (47)holds, there are no �rms o�ering wages above w∗

H . Otherwise, positive mass 1 − ϕ − η of �rms o�erwages wH > w∗
H . These �rms hire all low-ability workers who 
urrently earn w∗

H or less, in
luding thoselow-ability workers who have been promoted to wage pL. Similar to the previous 
ase, ea
h worker oflow ability hired at wH yields negative pro�t
JL(wH) =

(φ+ δ + λ)(pL − wH) + ρ(pL − b)

(φ+ δ + λ)(φ+ δ + ρ+ λ(1− FH(wH)))
,sin
e these workers quit at rate λ(1− FH(wH)) (rate λ) before (after) demotion.The rate at whi
h low-ability workers are hired into this 
ontra
t is

hL(wH) =
λα

φ+ δ + λ

[
φ+ δ + λ(g∗L(b) + g∗L(pL) +GL(wH))

]

=
λα
[
(φ+ δ + ρ+ λ)(φ + δ + λ(g∗L(b) + g∗L(pL)))− λ2g∗L(pL)(ϕ + η)

]

(φ+ δ + λ)[φ+ δ + ρ+ λ(1− FH(wH))]
.The �rst expression is the �ow of low-ability workers who are either unemployed or who are employedat wages below wH meeting this �rm. The se
ond expression makes use of the steady-state earningsdistribution of low-ability workers (43). We de�ne

ˆ̂α ≡ α
φ+ δ + λ(g∗L(b) + g∗L(pL))−

λ2g∗L(pL)(ϕ+η)
φ+δ+ρ+λ

φ+ δ
,43



and �nd that the �rm's expe
ted (negative) pro�t on low-ability workers at wages wH > w∗
H is

ΩL(wH) = hL(wH)JL(wH) =
A0

ˆ̂α[(φ + δ + λ)(pL −wH) + ρ(pL − b)]

[φ+ δ + ρ+ λ(1 − FH(wH))]2(φ+ δ + λ)
.For workers of high ability, the �rm's pro�t is

ΩH(wH) =
A0[pH − wH ]

[φ+ δ + ρ+ λ(1− FH(wH))]2
.Now the 
onstant-pro�t 
ondition ΩL(wH) + ΩH(wH) = Ω(RH , RL) yields the wage o�er distribution

FH(wH) =
φ+ δ + ρ+ λ

λ


1−

(
ˆ̂p− wH(1 + ˆ̂α) + ˆ̂α ρ

φ+δ+λ (pL − b)

p̂− R̂

)1/2

 , wH ∈ (w∗

H , wH ] , (48)where we de�ne ˆ̂p ≡ pH + ˆ̂αpL. The top wage follows from FH(wH) = 1:
wH =

1

1 + ˆ̂α

[
ˆ̂p+

ˆ̂αρ

φ+ δ + λ
(pL − b)−

( φ+ δ + ρ

φ+ δ + ρ+ λ

)2
(p̂− R̂)

]
.Sin
e the distribution of wage o�ers must have 
onne
ted support, FH+(w

∗
H) = limwHցw∗

H
FH(wH) =

ϕ+ η, we obtain an impli
it 
ondition for variable η:
C(ϕ+ η)2 =

pH − pL − b+RL + ˆ̂α[RL − b+ ρ
φ+δ+λ(pL − b)]

p̂− R̂
. (49)Reservation WagesIt remains to derive reservation wages for the two workers types. For both types, we make use of(32) and 
al
ulate the di�eren
e Vi(pi)− Ui.For workers of low ability we have from (19) and (21)

(φ+ δ)VL(pL) = pL + δUL + λ

∫ wH

w∗
H

[VLH(w)− VL(pL)] dFH(w) , (50)
φUL = b+ λ

∫ wH

RH

[max[VLL(ŵ(w)), VLH (w)] − UL] dFH(w) (51)
= b+ λ

∫ →w∗
H

RH

[VLL(ŵ(w)) − UL] dFH(w)

+λ

∫ wH

w∗
H

[VLH(w) − VL(pL) + VL(pL)− UL] dFH(w)

= b+ λ

∫ →w∗
H

RH

[VLL(ŵ(w)) − UL] dFH(w)

+λ

∫ wH

w∗
H

[VLH(w) − VL(pL)] dFH(w) + λ(1− ϕ)[VL(pL)− UL] .Subtra
ting (51) from (50) and substitution into (32) gives
φ+ δ + λ(1− ϕ)

ρ
(b−RL) = pL − b− λ

∫ →w∗
H

RH

[VLL(ŵ(w)) − UL] dFH(w) . (52)44



The integral expression in this equation 
an be 
al
ulated as follows:
λ

∫ →w∗
H

RH

VLL(ŵ(w)) − UL dFH(w) = λ

∫ →pL

RL

[VLL(w)− VLL(RL)] dFL(w)

=

∫ pL

RL

λ[ϕ− FL(w)]

φ+ δ + ρ+ λ(1− FL(w))
dw

= (pL −RL)(1 − 2C(ϕ)) +
2C(ϕ)2

1 + α̂
(p̂ − R̂)−

2C(ϕ)

1 + α̂
[pH −RH − pL +RL]

1/2[pH − pL − b+RL]
1/2 .The last equation makes use of (8), (44), and FL(w) = FH(w + b − RL) for wL ≥ w̃L = w̃H − b + RL,similar to the 
al
ulations in the proof of Proposition 1. Substitution ba
k into (52) yields an equationwhi
h de�nes RL impli
itly.For workers of high ability, we obtain a similar reservation wage equation:

φ+ δ

ρ
(b−RH) = pH − b− λ

∫ wH

RH

[VHH(w) − UH ] dFH (w) . (53)For the integral expression, we obtain
∫ wH

RH

[VHH(w)− VHH(RH)]dFH (w) =

∫ →w∗
H

RH

[VHH(w)− VHH(RH)] dFH(w) + η[VHH(w∗
H)− VHH(RH)]

+

∫ wH

→w∗
H

[VHH(w) − VHH(w∗
H)]dFH (w) + (1− ϕ− η)[VHH(w∗

H)− VHH(RH)]

=

∫ w∗
H

RH

ϕ− FH(w)

φ+ δ + ρ+ λ(1− FH(w))
dw +

∫ wH

w∗
H

1− FH(w)

φ+ δ + ρ+ λ(1− FH(w))
dw

+

∫ w∗
H

RH

1− ϕ

φ+ δ + ρ+ λ(1− FH(w))
dw

=

∫ w∗
H

RH

1− FH(w)

φ+ δ + ρ+ λ(1− FH(w))
dw +

∫ wH

w∗
H

1− FH(w)

φ+ δ + ρ+ λ(1− FH(w))
dw .Using (8), (44) and (48), the sum of the last two integrals 
an be further 
al
ulated to obtain

λ

∫ wH

RH

[VHH(w) − VHH(RH)]dFH (w) = wH −RH − 2C(1)(pH −RH) +
2C(1)C(ϕ)

1 + α̂
(p̂− R̂)

+
2C(1)α̂

1 + α̂
[pH − pL −RH +RL]

1/2[pH − b− pL +RL]
1/2 +

2C(1)(C(1) − C(ϕ+ η))

1 + ˆ̂α
(p̂− R̂) .Substitution ba
k into (53) yields the impli
it equation for RH .This 
ompletes the �rst part of the proof, namely the derivation of all equilibrium 
onditions.Equilibrium Existen
eThere are two types of 
andidate equilibria in simple 
ontra
ts. The �rst 
ase is that the mass pointat w∗

H = wH is the highest o�ered initial wage. In this 
ase the equilibrium variables (ϕ, ξ, η,RL, RH)satisfy equations (45), (46), (47), (52) and (53). Se
ond, some �rms o�er initial wages above w∗
H inwhi
h 
ase (ϕ, ξ, η,RL, RH) satis�es (45), (46), (49), (52) and (53) (so that η < 1 − ϕ). Typi
ally these
ond 
ase des
ribes an equilibrium if the learning rate falls below some threshold ρ3. If this thresholdvalue exists, both (47) and (49) are jointly satis�ed at ρ = ρ3.45



To prove equilibrium existen
e, we apply Brouwer's �xed-point theorem by de�ning a suitable 
on-tinuous map H : X → X on a 
ompa
t, 
onvex subset X ⊂ IR5, su
h that every �xed point of Hsatis�es the equilibrium 
onditions. First, we de�ne upper and lower bounds on reservation wages. Forworkers of high ability, note that the integral on the right-hand side of (53) is bounded below by zeroand it is bounded above by
∫

RH

[VHH(w)− UH ] dFH(w) <
pH − φUH
φ+ δ

=

pH − b− λ

∫

RH

[VHH(w)− UH ] dFH(w)

φ+ δ
,whi
h implies ∫

RH

[VHH(w)− UH ] dFH(w) <
pH − b
φ+ δ + λ

.Therefore, (53) de�nes upper and lower bounds on RH :
RH ≡ b− ρ

φ+ δ
(pH − b) < RH < RH ≡ b− ρ

φ+ δ + λ
(pH − b) .For workers of low ability, the integral on the right-hand side of (52) is bounded below by zero whi
hde�nes the lower bound

RL > b−
ρ

φ+ δ + λ(1− ϕ)
(pL − b) ≥ RL ≡ b−

ρ
φ+ δ

(pL − b) .The integral in (52) is bounded above by
∫ →w∗

H

RL

[VLL(ŵ(w)) − UL] dFH(w) < ϕ[VL(pL)− UL] =
ϕ(b−RL)

ρ ,whi
h de�nes the upper bound
RL < RL ≡ b−

ρ
φ+ δ + λ

(pL − b) .We 
an now de�ne
X ≡

{
(ϕ, ξ, η,RL, RH) ∈ [0, 1]3 × [RL, RL]× [RH , RH ] , η + ϕ ≤ 1

}
,whi
h is a 
ompa
t, 
onvex subset of IR5.De�ne RHS(N) (LHS(N)) for the right-hand side (left-hand side) of generi
 equation (N), and de�nefun
tions Gi : X → IR by

G1(ϕ, ξ, η,RL, RH) = LHS(45) − RHS(45) ,
G2(ϕ, ξ, η,RL, RH) = LHS(46) − RHS(46) ,
G3(ϕ, ξ, η,RL, RH) = LHS(49) − RHS(49) ,
G4(ϕ, ξ, η,RL, RH) = LHS(52) − RHS(52) ,
G5(ϕ, ξ, η,RL, RH) = LHS(53) − RHS(53) .Sin
e all steady-state measures and the other expressions de�ned above depend 
ontinuously on (ϕ, ξ, η,RL, RH),fun
tions Gi are 
ontinuous. Then de�ne the map H : X → X by
H1(x) = max{0,min{1, ϕ +G1(x)}} ,

H2(x) = max{0,min{1, ξ −G2(x)}} ,

H3(x) = max{0,min{1 − ϕ, η +G3(x)}} ,

H4(x) = max{RL,min{RL, RL +G4(x)}} ,

H5(x) = max{RH ,min{RH , RH +G5(x)}} ,46



for any x = (ϕ, ξ, η,RL, RH) ∈ X. It is obvious that H maps X into itself and that it is 
ontinuous.Hen
e it has a �xed-point, denoted x∗ = (ϕ∗, ξ∗, η∗, R∗
L, R

∗
H) ∈ X. It still needs to be shown that this�xed-point is a 
andidate equilibrium. For this we need to prove that Gi(x

∗) = 0 for i = 1, 2, 4, 5, andthat G3(x
∗) ≥ 0 if η∗ + ϕ∗ = 1.To show G1(x

∗) = 0, we have to prove that ϕ∗ ∈ (0, 1). Observe that, due to Proposition 1, ρ < ρ2is equivalent to wH > pL + b−RL, with wH de�ned in (17). This is equivalent to
C(1)2 <

pH − pL +RL − b

p−R
. (54)Hen
e, at ϕ = 1, we have that g∗L(b) = 0, α̂ = α, so that p̂ = p, R̂ = R. Then (54) implies thatLHS(45) < RHS(45) at ϕ = 1 provided that ρ < ρ2. Now suppose that ϕ∗ = 1, so that G1(x

∗) < 0.But this 
ontradi
ts H1(x
∗) = ϕ∗ = 1. Se
ond, suppose that ϕ∗ = 0, so that LHS(45) = 1 whileRHS(45) < 1, and hen
e G1(x

∗) > 0, whi
h 
ontradi
ts H1(x
∗) = ϕ∗ = 0.Next we show that η∗ > 0 and that G3(x

∗) ≥ 0, ϕ∗ + η∗ ≤ 1 hold with 
omplementary sla
kness.Suppose �rst that η∗ = 0. Then, sin
e G1(x
∗) = 0 and be
ause of [RL − b+ ρ

φ+δ+λ(pL − b)] < 0 (proofof Lemma 1),
C(ϕ∗)2 =

pH − pL − b+RL

p̂− R̂
> RHS(49) .This implies G3(x

∗) > 0, whi
h 
ontradi
ts H3(x
∗) = η∗ = 0. From H3(x

∗) = η∗ it is also easy to showthat G3(x
∗) ≥ 0 and that η∗ + ϕ∗ ≤ 1. Moreover, one of these inequalities must bind if H3(x

∗) = η∗.To prove G2(x
∗) = 0, we have to show that ξ∗ ∈ (0, 1). Suppose �rst that ξ∗ = 0; then, be
ause of

G1(x
∗) = 0 and η∗ > 0,

C(ϕ∗)C(ϕ∗ + η∗) < C(ϕ∗)2 =
pH − pL − b+RL

p̂− R̂
= RHS(46) ,so that G2(x

∗) < 0. This 
ontradi
ts H2(x
∗) = ξ∗ = 0. Now suppose ξ∗ = 1, whi
h implies g∗L(pL) = 0and therefore α̂ = ˆ̂α. This implies thatRHS(46) = RHS(49) ≤ C(ϕ∗ + η∗)2 < C(ϕ∗)C(ϕ∗ + η∗) ,be
ause of η∗ > 0 and G3(x

∗) ≥ 0. Hen
e G2(x
∗) > 0, whi
h 
ontradi
ts H2(x

∗) = ξ∗ = 1.Finally, it is straightforward to show that G4(x) < 0 (G5(x) < 0) if RL = RL (RH = RH) and that
G4(x) > 0 (G5(x) > 0) if RL = RL (RH = RH). This proves that Gi(x

∗) = 0 for i = 4, 5.This 
ompletes the proof of Proposition 2. 2Lemma A.2: In a Burdett-Mortensen (1998) model with mat
hing rates λ0 and λ1 for unemployedand employed workers, separation rate δ, birth/death rate φ, let Gi denote the earnings distribution ofworkers who had i ≥ 0 job-to-job transitions sin
e the last unemployment spell. Then Gi �rst-ordersto
hasti
ally dominates Gj for any i > j. Hen
e a worker's expe
ted wage is in
reasing in the numberof job-to-job transitions sin
e the last unemployment spell.Proof: Write F for the wage-o�er distribution with support [R,w] where R is the reservation wage.Let ei be the mass of employed workers with exa
tly i job-to-job transitions sin
e the last unemploymentspell, and let u be the mass of unemployed workers. Let Gi(w) be the earnings distribution of workersin group ei, and write gi for the density.For group eiGi(w), i ≥ 1, the out�ow=in�ow 
ondition is
ei

[
(Φ + δ)Gi(w) + λ1

∫ w

R
gi(w

′)[1− F (w′)]dw′
]
= ei−1λ1

∫ w

R
gi−1(w

′)[F (w) − F (w′)]dw′ . (55)47



For group e0G0(w), the 
orresponding 
ondition is
e0

[
(Φ + δ)G0(w) + λi

∫ w

R
g0(w

′)[1− F (w′)]dw′
]
= uλ0F (w) . (56)Partial integration and di�erentiation yields the following formulas for the densities:

gi(w) =
λ1ei−1Gi−1(w)

ei f(w)ψ(w) , i ≥ 1 ,

g0(w) = λ0u
e0 f(w)ψ(w) ,with ψ(w) ≡ [Φ + δ + λ(1 − F (w))]−1. Be
ause ψ(w) is stri
tly in
reasing, it �rst follows that

g0(w)/f(w) ≈ ψ(w) is stri
tly in
reasing. Hen
e G0 likelihood-ratio dominates F . Se
ond, sin
e g0(w)is proportional to f(w)ψ(w), it follows that g1(w)/g0(w) ≈ G0(w) is stri
tly in
reasing. Hen
e, G1likelihood-ratio dominates G0, whi
h in turn implies reverse-hazard-rate dominan
e: g1(w)/G1(w) ≥
g0(w)/G0(w) (see Krishna (2009)). Third, it follows re
ursively that any Gi likelihood-ratio dominates
Gi−1 for i ≥ 2. To see this, 
onsider

gi(w)
gi−1(w)

=
e2i−1Gi−1(w)
eiei−2Gi−2(w)

.Here the right-hand side is in
reasing i� gi−1(w)Gi−2(w) ≥ gi−2(w)Gi−1(w) for all w whi
h is true i�
Gi−1 reverse-hazard-rate dominates Gi−2 whi
h is true if Gi−1 likelihood-ratio dominates Gi−2. As thisis true for i = 2, it holds for all i > 2 by indu
tion. It follows that any Gi �rst-order sto
hasti
allydominates Gj for i > j (Krishna (2009)). 2
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Appendix C: Data and SimulationsOur dis
ussion in Se
tion 4.1 extends the work of Light and M
Garry (1998) by 
onsidering a worker's
umulative 
ount of the number of job-to-job transitions and 
umulative 
ount of the number of non-employment spells. To do so, we use the National Longitudinal Survey of Youth 1979 (NLSY), fo
usingon white male and female workers. Following Light and M
Garry (1998), we drop from this group thoseworkers with indeterminate entry dates, those with entry dates that pre
eded their 16th birthday or01/01/78 (the earliest date in
luded in our regressions timeframe), those who stayed in s
hool throughout1979-1993, those who were observed for less than 8 years after their entry date and those withoutemployment data during the 1979-1993 period. Also following Light and M
Garry (1998), to determinethe entry date we use as a guide the start of the �rst non-enrolment (in edu
ation) spell lasting morethan 12 months. Be
ause of the la
k of detailed enrolment information for the survey years 1979-1980,we use a di�erent method in those years relative to the 1981-2010 survey years. In the 1979-1980 surveyyears, the NLSY only provides information on the date last enrolled. For these two years, we use thenumber of months between the date last enrolled and the interview date, and identify the entry datefor those who had 12 months in between. From 1981 onwards, the NLSY provides a dummy variablefor ea
h month sin
e the last interview whi
h is equal to 1 if the respondent was enrolled in that monthand zero otherwise. In this 
ase we use the �rst 12-months non-enrolled streak and took the �rst monthof that streak as the entry month.An important di�eren
e with Light and M
Garry (1998) is that we 
reate a �main job� dummyvariable for a parti
ular month to 
ompute transitions, instead of using all of the overlapping jobs theworker 
ould have held in the same month. In parti
ular, for months where more than one job was held,we follow these tie-breaking rules: (i) The job that had the most hours worked per week is taken to bethe main job. (ii) If there were two or more jobs that month with the same maximum hours, the jobthat began earlier (earlier �jobstart�) is 
hosen as the main job. (iii) If two or more jobs that monthhad the same maximum hours and �jobstart�, then the one with higher wages is 
hosen as the main job.(iv) If two or more jobs had the same hours, start and wages, then the one whi
h lasted longer (later�jobstop�) is 
onsidered the main job. (v) If there were still two jobs that had the same hours, start, stopand wages, we assume these to be exa
tly the same jobs, in whi
h 
ase we 
hoose arbitrarily the onewith a smaller job id. Job-to-job transitions are then 
omputed by identifying the months for whi
h themain job 
hanged su
h that the time gap between these jobs is less than a month. The non-employmentspell variable is 
reated when the main job variable is either missing or zero.Using this data set, we take the same e
onometri
 spe
i�
ation proposed by Light and M
Garry(1998), ex
ept that instead of in
luding the total number of job separations at 2 years and 8 years asregressors, we repla
e them by the 
umulative 
ounts of the numbers of job-to-job transitions and non-employment spells. Other regressors in
lude a quadrati
 on a
tual experien
e and a quadrati
 on tenure,years of s
hooling, marital status dummy, health status dummy, a part-time/full-time employmentdummy, a government se
tor dummy, a union job dummy, one-digit industry dummies, unemploymentrate and wage index as measures of aggregate 
onditions, a dummy if the individual lived in a 
ity, adummy if the individual lived in the South and a gender dummy. The dependent variable is the real loghourly wage. All these variables are 
omputed following Light and M
Garry (1998).We then run the OLS and IV regressions 
onsidered by these authors, using their same error stru
tureand pro
edure for the IV regressions. The only di�eren
e is that we use the 
umulative numbers of job-to-job transitions and non-employment spells as part of the IV pro
edure. We perform these regressions
onsidering all available years (1979-2010), all years up to 1994 and all years up to 1989 in the NLSY.We also perform these regressions 
onsidering the �rst 15 years of workers' labor market histories,the �rst 10 years of workers' labor market histories and the �rst 8 years of workers' labor markethistories. Further, following Light and M
Garry (1998) we 
onsider di�erent spe
i�
ations for the error49



stru
ture in the IV regressions. We �rst 
onsider the 
ase in whi
h the error stru
ture only 
apturesthe e�e
ts of time-invariant individual 
hara
teristi
s. We then 
onsider the 
ases in whi
h the errorstru
ture 
onsiders the individual and mat
h-spe
i�
 e�e
ts together in the error term. Table 3 presentsthe results. We obtain a positive 
oe�
ient on the 
umulative number of job-to-job transitions when
onsidering only individual 
hara
teristi
s and when 
onsidering individual 
hara
teristi
s in 
onjun
tionwith mat
h-spe
i�
 
hara
teristi
s. Finally, to make sure we indeed follow the same pro
edure as Lightand M
Garry (1998), we repli
ate their original exer
ise, using separately all jobs and the main jobs,and obtain very similar results.In the main text, Table 2 reports the estimates using the OLS regressions without the tenure variable.See Table 4 for the full regression result under this spe
i�
ation. The reason we present the regressionsresults without tenure in Table 2 is be
ause in all our simulations we �nd that the Burdett and Mortensen(1998) model has a very strong positive relationship between wages and labor market experien
e, butnot ne
essarily between wages and tenure. In parti
ular, returns to tenure turn negative when thedispla
ement sho
k, δ, be
omes su�
iently high. With small enough δ and φ sho
ks, the Burdett andMortensen (1998) model generates an aggregate positive relationship between wages and tenure be
auseworkers in high-paying jobs stay in those jobs for a long time. However, when δ sho
ks be
ome morefrequent, in
luding our ben
hmark value of δ = 0.02, workers that 
limb the wage ladder and end up inhigh-paying jobs are not able to stay in those jobs for a long time. In these 
ases we observe a negativerelationship between tenure and wages (see Manning (2003) -Appendix 6A- for a formalization of thisargument using a partial equilibrium set up). Nevertheless, even if we in
lude a quadrati
 on tenurein the Burdett and Mortensen (1998) simulated regressions, the same general 
on
lusion drawn fromTable 2 holds.Finally the regressions for the Burdett-Mortensen (B-M) model and for our (CT-K) model reportedin Table 2 are based on simulations of 100,000 workers who we follow for up to 30 years, where allPoisson sho
ks (mat
hing, separation, learning, exit) arrive at monthly frequen
y. We also run the sameregressions following workers for the �rst 15, 10 and 8 years of workers' labor market histories (as alsodone in the data) and �nd that our results do not qualitatively 
hange. Note that for these simulationswe make sure that we generate the same data format as in the NLSY. Further, Table 5 reports theaverage 
umulative 
ounts of job-to-job transitions (JTJ) and non-employment spells (NESP) as wellas workers' a
tual experien
e (EXP), job duration (J-DUR) and non-employment duration (NE-DUR)implied by the NLSY data and the (B-M) and (CT-K) simulated data sets we use for Table 2. Bothour model and the 
alibrated B-M model �t these data averages rather well.
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Table 3: OLS and IV regressions with 
umulative job-to-job transitions and non-employment spellsAll years First 15 years First 10 years First 8 yearsOLS IV/GLS OLS IV/GLS OLS IV/GLS OLS IV/GLSVARIABLES WE WME WE WME WE WME WE WMEJob-to-job transitions -0.0040*** 0.0258*** 0.0251*** -0.0036*** 0.0183*** 0.0161*** -0.0029** 0.0261*** 0.0123*** -0.0022* 0.0168 0.0079Non-employment spells -0.0154*** -0.0578*** -0.0287*** -0.0114*** -0.0514*** -0.0137*** -0.010*** -0.0484*** -0.0065 -0.0098*** -0.0461*** -0.0020Years of work experien
e X 0.0338*** 0.0300*** 0.0268*** 0.0471*** 0.0370*** 0.0372*** 0.0566*** 0.0284** 0.0588*** 0.0581*** 0.0263** 0.0731***
X2/10 -0.0057*** -0.0051*** -0.0043*** -0.0119*** -0.0056*** -0.0066*** -0.0193*** 0.0029 -0.0200*** -0.0224*** 0.0130 -0.0308**Years of job tenure T 0.0211*** 0.0234*** 0.0169*** 0.0390*** 0.0390*** 0.0318*** 0.0454*** 0.0599*** 0.0428*** 0.0490*** 0.0672*** 0.0606***
T2/10 -0.0058*** -0.0066*** -0.0050*** -0.0203*** -0.0236*** -0.0197*** -0.0296*** -0.0523*** -0.0407*** -0.0341*** -0.0757*** -0.0759***Transitions * T 0.0005 -0.0020*** -0.0014** 0.0002 -0.0043*** -0.0028*** -0.0001 -0.0092*** -0.0034 0.001 -0.0085 -0.0030Transitions * T2 -2.23E-05 0.0009*** 0.0007*** 0.0002 0.0030*** 0.0020*** 0.001 0.0097*** 0.0041 -0.0019 0.0100 0.00411 if <12 years of s
hooling -0.2942*** -0.2380*** -0.2302*** -0.2663*** -0.1935*** -0.1783*** -0.2667*** -0.1711*** -0.1672*** -0.2596*** -0.1726*** -0.1541***1 if 12 years of s
hooling -0.1951*** -0.1774*** -0.1684*** -0.1769*** -0.1163*** -0.1144*** -0.1722*** -0.1081*** -0.1144*** -0.1655*** -0.1159*** -0.1141***1 if 16 years of s
hooling 0.2528*** 0.2311*** 0.2443*** 0.2410*** 0.2460*** 0.2454*** 0.2298*** 0.2303*** 0.2314*** 0.2248*** 0.2329*** 0.2226***1 if ≥ 17 years of s
hooling 0.3516*** 0.2326*** 0.2733*** 0.3700*** 0.3268*** 0.3026*** 0.3467*** 0.3082*** 0.2805*** 0.3450*** 0.3309*** 0.2787***1 if in s
hool -0.0746*** -0.1181*** -0.0810*** -0.0593*** -0.1033*** -0.0656*** -0.0431*** -0.0885*** -0.0471*** -0.0371*** -0.0842*** -0.0392***1 if married 0.0625*** 0.0548*** 0.0597*** 0.0310*** 0.0326*** 0.0340*** 0.0218*** 0.0309*** 0.0291*** 0.0178*** 0.0223*** 0.0210***1 if divor
ed 0.0194** 0.0236** 0.0110 0.0192* 0.0152 0.0004 0.0271** -0.0165 -0.0043 0.0187 -0.0018 -0.00801 if has health limitations -0.1204*** -0.0687*** -0.0928*** -0.0967*** -0.0300** -0.0553*** -0.1071*** -0.0279* -0.0598*** -0.1130*** -0.0411*** -0.0606***1 if works < 35 hrs/wk -0.0196*** 0.0181** 0.0481*** 0.0023 0.0386*** 0.0576*** -0.0111 0.0262*** 0.0423*** -0.0170** 0.0206** 0.0445***1 if government job -0.2821*** -0.1650*** -0.2070*** -0.1458*** -0.0566*** -0.0911*** -0.1227*** -0.0339** -0.0625*** -0.1257*** -0.0430*** -0.0690***1 if union job 0.1194*** 0.1344*** 0.1514*** 0.1557*** 0.1642*** 0.1703*** 0.1590*** 0.1695*** 0.1687*** 0.1616*** 0.1643*** 0.1674***1 if lives in 
ity 0.0518*** 0.0092* 0.0153*** 0.0818*** 0.0214*** 0.0364*** 0.0745*** 0.0230*** 0.0419*** 0.0672*** 0.0251*** 0.0419***1 if lives in the south -0.0372*** -0.0297*** -0.0251*** -0.0268*** -0.0246** -0.0200*** -0.0254*** -0.0232** -0.0207** -0.0181*** -0.0145 -0.0127Unemp rate -0.0009 -0.0032*** -0.0006 -0.0085*** -0.0130*** -0.0101*** -0.0057*** -0.0105*** -0.0059*** -0.0056*** -0.0100*** -0.0049***Log wage index 0.0312*** 0.0439*** 0.0327*** 0.0017 0.0221*** 0.0071 0.0068 0.0233*** 0.0075 0.0200*** 0.0369*** 0.0174***1 if agri
ulture -0.6141*** -0.3367*** -0.4472*** -0.4483*** -0.2169*** -0.3471*** -0.4327*** -0.2145*** -0.3396*** -0.4383*** -0.2514*** -0.3431***1 if mining -0.1782*** -0.0186 -0.0209 0.0175 0.0850** -0.1059** 0.0732** 0.1140*** 0.1383*** 0.1065*** 0.1504*** 0.1664***1 if 
onstru
tion -0.1449*** -0.0232 -0.0597** 0.0089 0.0670*** 0.0394 0.0563*** 0.0941*** 0.0713** 0.0585*** 0.0899*** 0.0792**1 if manufa
turing -0.2269*** -0.0751*** -0.1175*** -0.0853*** 0.0039 -0.0354 -0.0580*** 0.0213 -0.0172 -0.0481** 0.0217 -0.00801 if transportation -0.1372*** -0.0671*** -0.0943*** -0.0063 0.0058 0.0023 0.0347 0.0336 0.0427 0.0375* 0.0397 0.05081 if wholesale & retail -0.3961*** -0.2368*** -0.3220*** -0.2536*** -0.1519*** -0.2279*** -0.2219*** -0.1286*** -0.1928*** -0.2136*** -0.1290*** -0.1781***1 if info, �nan
e & insuran
e 0.1325*** -0.0439** -0.0257 -0.0251 0.0210 0.0394 -0.0127 0.0340 0.0448 -0.0351 0.0082 0.02681 if servi
es -0.3257*** -0.2085*** -0.2587*** -0.1847*** -0.1247*** -0.1636*** -0.1733*** -0.1229*** -0.1558*** -0.1769*** -0.1328*** -0.1580***1 if male 0.1704*** 0.1694*** 0.1753*** 0.1456*** 0.1601*** 0.1594*** 0.1366*** 0.1521*** 0.1519*** 0.1263*** 0.1406*** 0.1410***Constant 1.6531*** 1.5094*** 1.4840*** 1.6905*** 1.5935*** 1.5677*** 1.5773*** 1.5034*** 1.4332*** 1.4833*** 1.4265*** 1.3117***Obs 57,047 57,047 57,047 42,604 42,604 42,604 33,833 33,833 33,833 28,212 28,212 28,212

R2 0.3071 0.2687 0.2810 0.3445 0.3093 0.3269 0.3320 0.2929 0.3183 0.3447 0.3134 0.3287Adj R2 0.3067 0.3440 0.3314 0.3439Num of 
aseid 4,538 4,519 4,498 4,473Num of indivjob 20,325 16,744 14,629 13,198*** p<0.01, ** p<0.05, * p<0.1. Sample: Male and female white individuals. Dependent variable: log real hourly wage. WE: Error term in
luding only time-invariant worker heterogeneity. WME:Error tern in
luding time-invariant worker and mat
h-spe
i�
 heterogeneity.

51



Table 4: OLS regressions without tenureAll years First 15 years First 10 years First 8 yearsVARIABLESJob-to-job transitions -0.0073*** -0.0081*** -0.0075*** -0.0070***Non-employment spells -0.0185*** -0.0159*** -0.0140*** -0.0137***Years of work experien
e X 0.0431*** 0.0657*** 0.0792*** 0.0835***
X2/10 -0.0075*** -0.0190*** -0.0300*** -0.0360***1 if <12 years of s
hooling -0.3036*** -0.2721*** -0.2726*** -0.2658***1 if 12 years of s
hooling -0.1931*** -0.1807*** -0.1748*** -0.1683***1 if 16 years of s
hooling 0.2653*** 0.2520*** 0.2422*** 0.2372***1 if ≥ 17 years of s
hooling 0.3688*** 0.3868*** 0.3659*** 0.3646***1 if in s
hool -0.0872*** -0.0596*** -0.0426*** -0.0359***1 if married 0.0698*** 0.0349*** 0.0242*** 0.0197***1 if divor
ed 0.0184* 0.0146 0.0210 0.01131 if has health limitations -0.1166*** -0.0949*** -0.1040*** -0.1096***1 if works < 35 hrs/wk -0.0396*** -0.0162*** -0.0281*** -0.0336***1 if government job -0.2487*** -0.1433*** -0.1183*** -0.1208***1 if union job 0.1341*** 0.1641*** 0.1636*** 0.1656***1 if lives in 
ity 0.0500*** 0.0820*** 0.0751*** 0.0674***1 if lives in the south -0.0362*** -0.0310*** -0.0299*** -0.0224***Unemp rate -0.001 -0.0089*** -0.0055*** -0.0051***Log wage index 0.0331*** 0.0057 0.0087 0.0230***1 if agri
ulture -0.5755*** -0.4434*** -0.4283*** -0.4301***1 if mining -0.1473*** 0.009 0.0620* 0.0980***1 if 
onstru
tion -0.1228*** 0.0011 0.0509** 0.0558**1 if manufa
turing -0.2008*** -0.0855*** -0.0570*** -0.0452**1 if transportation -0.1151*** -0.0102 0.0327 0.0376*1 if wholesale & retail -0.3607*** -0.2573*** -0.2234*** -0.2123***1 if inf, �nan
e & insuran
e -0.1164*** -0.0299* -0.0166 -0.0370*1 if servi
es -0.3198*** -0.1902*** -0.1767*** -0.1777***1 if male 0.1707*** 0.1516*** 0.1423*** 0.1311***Constant 1.6476*** 1.7072*** 1.5934*** 1.4874***Obs 62,269 42,604 33,833 28,212
R2 0.3309 0.339 0.3275 0.3415*** p<0.01, ** p<0.05, * p<0.1. Sample: Male and female white individuals. Dependent variable: log realhourly wage.
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Table 5: Data and model averagesMeans Data ModelsB-M CT-KJTJ 4.2 3.7 3.3NESP 3.9 3.6 3.6EXP 11.6 10.8 10.9J-DUR 2.3 3.4 2.5NE-DUR 0.87 0.69 0.68
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Appendix D: O�ers Contingent on Employment StatusIn this Appendix we fully 
hara
terize the equilibrium when �rms 
ondition their up-or-out 
ontra
ts onemployment status. We �rst present workers value fun
tions. Then we prove that the o�er distributionsfa
ed by unemployed and employed workers do not have overlapping supports. Finally, we 
hara
terizethe equilibrium. The arguments used here 
an then be used to analyze the equilibrium when �rms
ondition their up-or-down 
ontra
ts on employment status.Workers Value Fun
tions: It is 
onvenient to think of workers randomly meeting �rms who drawthe high-ability wage o�er ws
H from distribution F s

H and who o�er ws
L = ŵs(ws

H) to low-ability workers.This implies that the value of unemployment is given by
φUi = b+ λ

∫ wu
H

wu
H

max[ViL(ŵ
u(x))− Ui, ViH(x)− Ui, 0]dF

u
H (x) . (57)The value of employment at initial wage w for a worker of ability i that reported truthfully his type isgiven by

φVii(wi) = wi + λ

∫ we
H

we
H

max[ViL(ŵ
e(x))− Vii(wi), ViH(x)− Vii(wi), 0]dF

e
H (x)

+δ(Ui − Vii(wi)) + ρ(Vi(pi)− Vii(wi)) ,

(58)where the 
ontinuation value after promotion is given by (21) with F e
H . The value of employment of aworker of type i that misreported his type and is 
urrently earning the initial wage wj is given by

φVij(wj) = wj + λ

∫ we
H

we
H

max[ViL(ŵ
e(x))− Vij(wj), ViH(x)− Vij(wj), 0]dF

e
H (x)

+(δ + ρ)(Ui − Vij(wj)) .The in
entive-
ompatibility 
onstraint is given by ws
j − ws

i ≤ ρ[Vi(pi)− Ui].Proof of Lemma 4: To show this, it is useful to note that in any equilibrium we
i > wu

i ≥ Ri. Thisfollows sin
e, for example, we
i < wu

i implies �rms o�ering we
i will not hire any worker and will makepositive pro�ts by o�ering a wage slightly above wu

i . We divide the proof in two steps. The �rst step
onstru
ts the pro�ts of �rms when hiring unemployed workers and derives some preliminary results.The se
ond step 
ompares the �rms' pro�ts when hiring employed workers under the assumption ofoverlapping supports.Step 1:Consider a �rm o�ering wu
H and wu

L = ŵu(wu
H) to unemployed workers. Note that this �rm 
ouldbe separating or pooling workers. When this �rm pools we have that wu

H = wu
L, while when it separatesworkers wu

H 6= wu
L. In either 
ase its steady-state pro�t is Ωu(wu

H , w
u
L) = Ωu

H(wu
H) + Ωu

L(w
u
L), where

Ωu
i (w

u
i ) =

λuiαi(pi − wu
i )

φ+ δ + ρ+ λ(1− F e
H(wu

H))
, (59)for i = L,H. Let Nu

i (w
u
i ) denote the mass of workers hired from unemployment of ability i = L,Hearning an initial wage no greater than wu

i . Steady state turnover implies that
Nu

i (w
u
i ) =

λuiαiF
u
i (w

u
i )

φ+ δ + ρ+ λ(1− F e
H(wu

H))
.54



Now we show under what 
onditions �rms would prefer to o�er separating 
ontra
ts when hiring unem-ployed workers. First, if satisfying the in
entive-
ompatibility 
onstraint of low-ability workers implies
wu
H > wu

L and wu
i ≤ pi for i = L,H, this �rm will stri
tly prefer to separate workers. To verify this
laim, suppose this �rm o�ered a wage w′u

L to low-ability workers that did not satisfy their in
entive
onstraint, while keeping wu
H 
onstant. (59) then implies this �rm will stri
tly redu
e its pro�ts bydoing so, as it will hire low-ability workers at a higher wage while keeping the hiring and retention rates
onstant. Se
ond, if satisfying in
entive 
ompatibility implies wu

H ≤ wu
L, but wu

H < RL, this �rm willalso prefer to separate workers, as o�ering wu
H to all unemployed workers will only hire high-abilityworkers. However, if satisfying in
entive 
ompatibility implies wu

H ≤ wu
L, but wu

H ≥ RL, then this �rmprefers to pool workers and o�er both types wu
H .Also note that we

i > wu
i ≥ Ri and (59) implies that in equilibrium wu

i = Ri and �rms separateworkers at low wages. Further, (59) also implies that any �rm o�ering wages wu
i ∈ [wu

i , w
e
i ) for ea
h

i = L,H, must o�er wu
i = Ri, as this �rm fa
es a 
onstant hiring rate and all workers employed in this�rm quit as soon as they get an outside o�er.Finally note that in equilibrium we

i ≥ wu
i for i = L,H. To verify this argument �x we

i for i = L,Hand suppose we
i < wu

i for i = L,H. Note that (59) then implies that the �rm o�ering (wu
L, w

u
H) willoptimally set wu

i = we
i for i = L,H, sin
e by doing so it in
reases �ow pro�ts while keeping 
onstant itshiring and retention rates. Redu
ing the wu

i below we
i will be optimal, for example, when in equilibrium

we
i > wu

i for i = L,H.Step 2:In this step we prove the non-overlapping support result by 
ontradi
tion. Suppose there exists anequilibrium in whi
h wu
i ∈ (we

i , w
e
i ] for i = L,H. We want to show that wu

i > we
i violates the 
onstant-pro�t 
ondition in the employed workers' market and hen
e 
annot o

ur in any equilibrium. To do so
onsider a �rm o�ering wages we

i = we
i for i = L,H. This �rm's steady-state pro�t is then given by

Ωe(we
H , w

e
L) =

∑
i=L,H Ωe

i (w
e
i ), where

Ωe
i (w

e
i ) =

λNu
i (w

e
i )[pi − we

i ]

φ+ δ + ρ+ λ
=

λF u
i (Ri)

φ+ δ + ρ+ λ
Ωu
i (Ri) . (60)The se
ond equality follows from noting that this �rm only hires workers that are 
urrently earning

Ri, and it maximises pro�ts by setting we
i = Ri + ε, where ε > 0 is su�
iently small, for i = L,H.Continuity of (59) then implies Ωu

i (Ri) = Ωu
i (w

e
i ). These results also imply that a �rm o�ering we

i for
i = L,H will separate workers in equilibrium.Now 
onsider a �rm o�ering a wage we

H = wu
H + ε ≤ pH to employed workers. Here we have severalpossible 
ases depending on whether the �rms de
ide to pool or separate when hiring unemployed andemployed workers. Note that �rms 
ould follow di�erent strategies when hiring workers of di�erentemployment status.First assume that the in
entive 
onstraint of low-ability workers is binding at wu

H , su
h that wu
L =

wu
H−ρ(pL−φUL)/(φ+δ), and suppose that wu

L < pL. The �rm o�ering we
H = wu

H+ε ≤ pH to employedworkers will then o�er we
L = ŵe(we

H) = wu
L + ε to low-ability workers. Sin
e wu

H > wu
L, �rms o�eringthese wages separate workers hired from unemployment and employment. Let N e

i (w) denote the massof workers hired from employment with ability i earning a wage no greater than w. The steady-statepro�t from hiring employed workers at these wages is given by Ωe(wu
H , w

u
L) =

∑
i=L,H Ωe

i (w
u
i ), where

Ωe
i (w

u
i ) =

λ[Nu
i (w

u
i ) +N e

i (w
u
i )](pi − wu

i )

φ+ δ + ρ+ λ(1− F e
i (w

u
i ))

=
λF u

i (w
u
i )Ω

u
i (w

u
i )

φ+ δ + ρ+ λ(1− F e
i (w

u
i ))

+
λN e

i (w
u
i )(pi − wu

i )

φ+ δ + ρ+ λ(1− F e
i (w

u
i ))

. (61)55



Sin
e in equilibrium ∑
i=L,H Ωu

i (Ri) =
∑

i=L,H Ωu
i (w

u
i ), 
omparing the pro�ts from o�ering (we

H , w
e
L)and (wu

H , w
u
L) to employed workers implies Ωe(wu

H , w
u
L) > Ωe(we

H , w
e
L), 
ontradi
ting the 
onstant pro�t
ondition on the employed workers' market.Now suppose that o�ering a wage we

H = wu
H + ε ≤ pH to unemployed workers of high ability im-plies that satisfying the in
entive-
ompatibility 
onstraint of low-ability workers yields a wage wu

L > pL.In this 
ase the �rms will o�er pooling 
ontra
ts with initial wage wu
H to both unemployed and em-ployed workers. Noting that we 
an still use (61), with wu

i = wu
H for i = L,H and that in equilibrium∑

i=L,H Ωu
i (Ri) =

∑
i=L,H Ωu

i (w
u
H), one 
an verify that Ωe(wu

H , w
u
L) > Ωe(we

H , w
e
L), on
e again 
ontra-di
ting the 
onstant-pro�t 
ondition on the employed workers' market.Finally, assume that the in
entive 
onstraint of low-ability workers is sla
k at wages wu

i for i = L,H.In this 
ase, we 
ould have that in
entive 
ompatibility implies wu
H < wu

L and �rms o�ering wu
H tounemployed workers of high ability 
an de
ide to pool workers, while the �rm o�ering wu

H to employedworkers of high ability de
ides to separate. Note, however, that when the in
entive 
onstraint is sla
k,the 
onstant-pro�t 
ondition 
an be applied to high-ability workers independently in both the employedand unemployed workers' market. Hen
e using Ωu
H(RH) = Ωu

H(wu
H) and (60) and (61), we obtainthat Ωe

H(RH) < Ωe
H(wu

H), whi
h 
ontradi
ts the 
onstant-pro�t 
ondition on the market for employedhigh-ability workers.Taking the above arguments together, they show that in any equilibrium we
i > wu

i for all i = L,H.
2 An impli
ation of Lemma 4 is that all �rms o�er unemployed workers the separating pair of reserva-tion initial wages (RH , RL), while employed workers are o�ered initial wages wi > Ri, drawn from 
df
Fi, su
h that the in�mum of the support of Fi is equal to Ri. We now pro
eed to 
hara
terize separatingand pooling equilibria for this e
onomy.General 
onsiderationsSin
e �rms o�er unemployed workers their reservation wage, unemployment utility for both types isidenti
al, satisfying UL = UH = U = b/φ . Bellman equations for (truthful and misreporting) low-abilityworkers and for (truth-telling) high-ability workers are
[φ+ δ + ρ+ λ]VLL(w) = w + δU + ρVL(pL) + λ

∫
max[VLL(ŵ(w

′)), VLH(w′), VLL(w)]dFH (w′) ,

[φ+ δ + ρ+ λ]VLH(w) = w + [δ + ρ]U + λ

∫
max[VLL(ŵ(w

′)), VLH(w′), VLH(w)]dFH (w′) ,

[φ+ δ + ρ+ λ]VHH(w) = w + δU + ρVH(pH) + λ

∫
max[VHL(ŵ(w

′)), VHH (w′), VHH(w)]dFH (w′) .From Vii(Ri) = U follow the reservation wage equations
Ri = b− ρ[Vi(pi)− U ]− λ

∫
max[ViL(ŵ(w)), ViH (w)] − U dFH(w) . (62)Sin
e promoted high-ability workers do not quit, it follows that ρ[VH(pH) − U ] =

ρ(pH − b)
φ+ δ

. Furtherde�ne x ≡ ρ[VL(pL)− U ]. Then the in
entive 
onstraint for low-ability workers is
wH − wL ≤ x . (63)
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Separating equilibriumSin
e all �rms o�er separating 
ontra
ts with initial wages wL ≤ pL, promoted low-ability workersdo not quit. Therefore,
x =

ρ(pL − b)
φ+ δ

. (64)Sin
e no low-ability worker misreports the type, unemployment rates for both types are identi
al,
uL = uH = u =

(φ+ δ)

φ+ δ + λ
.Let hi denote the fra
tion of employed workers of type i hired from unemployment and earning initialreservation wage Ri. Further, let Gi(w) denote the 
umulative distribution of initial wages for workershired from another employer. In steady state this distribution satis�es

Gi(w) =
λhiFi(w)

φ+ δ + ρ+ λ(1− Fi(w))
.The steady-state workfor
e of workers of ability i employed at initial wage wi is

ℓi(wi) =
λαi(1− u)(hi +Gi(wi))

φ+ δ + ρ+ λ(1− Fi(wi))
.It follows that �rms' pro�ts are again given by (7), with a rede�nition of parameter A0 ≡ λ2(φ+δ)/(φ+

δ + λ). It follows that the wage-o�er distribution for wi ≤ w̃i is again given by (8). For wages above
w̃i, the binding in
entive 
onstraint (63) and ΩH(wH) + ΩL(wH − x) = ΩH(RH) + ΩL(RL) yield thewage-o�er distribution

FH(wH) =
(φ+ δ + ρ+ λ)

λ

[
1−

(
p− wH(1 + α) + αx

p−R

)1/2
]
, wH ≥ w̃H ,where p and R are de�ned as in the main text.We again 
onsider a rank-preserving equilibrium. From (10) follows that the in
entive 
onstraint(63) is sla
k for wages

wH ≤ w̃H ≡
(pH −RH)x+ pHRL − pLRH

pH −RH − pL +RL
, (65)while for wages above w̃H , wL = ŵ(wH) = wH − x.To 
hara
terize an equilibrium with sla
k in
entive 
onstraints and to derive threshold parameter

ρ1, note that
λ

∫ wi

Ri

[Vii(w) − Vii(Ri)]dFi(w) =

∫ wi

Ri

λ(1− Fi(w))

φ+ δ + ρ+ λ(1− Fi(w))
dw = (pi −Ri)(1 + C2 − 2C) ,with parameter C de�ned as in (12). Reservation wages 
an then be obtained from (62) and (64):

Ri = pi − (pi − b)
φ+ δ + ρ

(φ+ δ)C(2 − C)
. (66)Sin
e promotion wages for high-ability workers are higher, we have RH < RL. In
entive 
onstraintsare sla
k if wH − wL ≤ x, where top initial wages wi are related to reservation wages via (12). Hen
e,threshold parameter ρ1 is the impli
it solution of

pH − pL − C2(pH − pL −RH +RL) = x ,57



with reservation wages (66).If ρ ≤ ρ1, in
entive 
onstraints bind at the top of the wage o�er distribution. A separating equilib-rium with this feature is similarly 
hara
terized as in the main text. Instead of (17) we have
wH = 1

1 + α

[
p+ αx− C2(p−R)

]
, wL = wH − x .This out
ome only des
ribes a separating equilibrium if wL does not ex
eed marginal produ
tivity oflow-ability workers. Hen
e, the threshold value ρ2 is de�ned as the highest value for whi
h wH −x = pLand hen
e ensures that a separating equilibrium exists for all ρ ≥ ρ2.In a separating equilibrium with binding in
entive 
onstraints, reservation wages for the two workertypes 
an be similarly 
al
ulated as in the proof of Proposition 1. De�ne again hi(w) ≡ λ(1−Fi(w))

φ+δ+ρ+λ(1−Fi(w)) ,and write (62) as
Ri − b+

ρ
φ+ δ

(pi − b) =

∫ wi

Ri

hi(w)dw .As in the proof of Proposition 1, these integrals 
an be 
al
ulated as follows:
∫ wH

RH

hH(w)dw =
1

1 + α

[
(p−R)(1 + C2) + α(x+RL −RH)

]

+2C
1

1 + α
[pH − pL − x]1/2[pH −RH − pL +RL]

1/2 − 2C(pH −RH) ,

∫ wL

RL

hL(w)dw =
1

1 + α

[
(p −R)(1 +C2) +RH −RL − x

]

−2C
1

1 + α
[pH − pL − x]1/2[pH −RH − pL +RL]

1/2 − 2C(pL −RL) .Adding the equation for RH to the one for RL multiplied by α, the resulting equation 
an be solved for
R = RH + αRL:

R = p− [p− (1 + α)b]
φ+ δ + ρ

(φ + δ)C(2 −C)
.Substitution of RH = R − αRL into the reservation wage equation for RL yields a quadrati
 equationin RL whose relevant root is

RL = −D +
√
D2 − 4E
2with

N ≡ x− b− 2CpL + 1
1 + α

[
(p−R)(1 + C2) +R− x

]
,

D ≡ N
C − 1

1 + α(pH − pL − x) ,

E ≡ N2

4C2 − 1
(1 + α)2

(pH − pL −R)(pH − pL − x) .These reservation wages together with the previous equations for w̃i, wH , wL = wH − x, and the wageo�er distributions 
hara
terize the separating equilibrium with binding in
entive 
onstraints.Segmented equilibrium with pooling at top wagesAs in the main text, a pooling equilibrium is 
hara
terized by the variables (ϕ, ξ, η,RL, RH). All�rms o�er separating initial wages (RH , RL) to unemployed workers and dispersed initial wages toemployed workers. Fra
tion ϕ > 0 of �rms o�er separating 
ontra
ts (wH , wL) with wL < pL, fra
tion58



η > 0 o�er the same separating 
ontra
t (pL + x, pL), and fra
tion 1−ϕ− η ≥ 0 o�er dispersed pooling
ontra
ts (wH) with wH > pL + x. Low-ability workers who are employed at initial wage wL < pL andquit to a �rm o�ering (pL + x, pL) misreport their type with probability ξ > 0. One possibility is thatthe mass point at wH = pL + x is the highest o�ered 
ontra
t; this happens when the learning rate issu�
iently large (greater than some threshold ρ3 < ρ2). The other possibility, when ρ < ρ3, is thatpositive mass of �rms o�er pooling 
ontra
ts with wH > pL + x.To obtain steady-state measures, write Gi(w) for the earnings distribution of initial wages for thoseworkers who were hired from another employer. Write hi for the measure of workers who were hiredfrom unemployment and 
urrently earn initial wage Ri, and write g∗i (pi), i = H,L, for the measures ofemployed workers after promotion. Sin
e the distribution of initial wages has a mass point at (w∗
H , pL),we write gL(pL), gL(w∗

H) and gH(w∗
H) for the measures of workers earning pL (low ability) or w∗

H (highand low ability) before promotion/layo�. These earnings distribution depend on equilibrium variables
(ϕ, ξ, η,RL, RH) as follows.Low-ability workers: Write g1 = GL−(pL), g2 = GL(pL) − GL−(pL) = gL(pL), g3 = GL(w

∗
H) −

GL−(w
∗
H) = gL(w

∗
H), g4 = GL(wH) − GL(w

∗
H), g6 = g∗(pL). Thus, fra
tion G0 ≡ g1 + g2 + g3 + g4 ofemployed low-ability workers re
eive initial wages and were hired from another employer. Fra
tion g6have been promoted, and hL were hired from unemployment. Hen
e, G0 + g6 + hL = 1. Mass αLuLof workers is unemployed and mass αL(1 − uL) is employed. As in the ben
hmark model, GL−(w

∗
H) =

GL(pL) be
ause no low-ability worker earns a wage in the interval (pL, w∗
H). G0, g1, g2, g3, g6, hL and

uL satisfy the following steady-state equations
g1[φ+ δ + ρ+ λ(1− ϕ)] = hLλϕ ,

g2[φ+ δ + ρ+ λ(1− ϕ− η)] = (hL + g1)λ(1 − ξ)η ,

g3[φ+ δ + ρ+ λ(1− ϕ− η)] = (hL + g1)λξη ,

G0[φ+ δ + ρ] = hLλ+ λg6(1− η − ϕ) ,

g6[φ+ δ + λ(1− ϕ− η)] = ρ(hL + g1 + g2) ,

(1− uL)hL[φ+ δ + ρ+ λ] = uLλ ,

uL[φ+ λ] = φ+ (1− uL)δ + (1− uL)(g3 + g4)ρ .We 
an solve these as follows:
g1 =

λϕ
φ+ δ + ρ+ λ(1− ϕ)

hL ≡ AhL ,

g2 =
(1 +A)λ(1− ξ)η

φ+ δ + ρ+ λ(1− ϕ− η)
hL ≡ BhL ,

g3 =
(1 +A)λξη

φ+ δ + ρ+ λ(1− ϕ− η)
hL ,

g6 =
(1 +A+B)ρ

φ+ δ + λ(1− ϕ− η)
hL ≡ DhL ,

hL = φ+ δ + ρ
λ+ φ+ δ + ρ+D(φ+ δ + ρ+ λ(1− η − ϕ))

,

uL =
(φ+ δ + ρ+ λ)hL

λ+ hL(φ+ δ + ρ+ λ)
.The stationary earnings distribution of initial wages is

GL(w) =
λhLFL(w)

φ+ δ + ρ+ λ(1− FL(w))
if w < pL ,

GL(w) =
λhLFH(w) + λg6(FH(w)− ϕ− η)

φ+ δ + ρ+ λ(1− FH(w))
if w > w∗

H .59



High-ability workers: Here the same equations for GH as in the proof of Proposition 2 apply.The unemployment rate is uH = (φ+ δ)/(φ+ δ + λ), and mass hH = uHλ/(1− uH)/(φ+ δ + ρ+ λ) ofemployed workers were hired from unemployment and earn initial wage RH .Pro�t Maximization: To �nd wage-o�er distributions from the �rms' pro�t-maximization 
ondi-tions, de�ne α̂ ≡ αuL/uH as the measure of low-ability unemployed workers per unemployed high-abilityworker. Hen
e, a random worker hired from unemployment has high ability with probability 1/(1 + α̂)and low ability otherwise. Further de�ne parameter A0 as above.Wage-o�er distributions in the four possible 
ases are similar to those in the proof of Proposition 2with the following di�eren
es:
wH ∈ [RH , w̃H): Separating 
ontra
ts with sla
k in
entive 
onstraints. Here the wage o�erdistributions are again given by (8), and the threshold wage w̃H is given by (65).
wH ∈ [w̃H , w

∗
H): Separating 
ontra
ts with binding in
entive 
onstraints. With bindingin
entive 
onstraints wL = wH − x, the �rms' pro�t is

Ω(wH , wH − x) =
A0

(φ+ δ + ρ+ λ(1− FH(wH)))2

[
pH −wH + α̂(pL − wH + x)

]
.The 
onstant pro�t 
ondition Ω(wH , wH − x) = Ω(RH , RL) yields the same wage o�er distributionas in (44), where the term (b − RL) is repla
ed by x, and p̂ ≡ pH + α̂pL and R̂ ≡ RH + α̂RL aresimilarly de�ned. With the same de�nition of C(x) as in the proof of Proposition 2, the restri
tion

FH−(w
∗
H) = FL−(pL) = ϕ implies the equilibrium 
ondition for ϕ:

C(ϕ)2 =
pH − pL − x

p̂− R̂
. (67)Mass point at wH = w∗

H with some pooling and layo�s of low-ability workers. Fra
tion
ξ of low-ability workers misreport their type while the rest a

ept pL. On ea
h misreporting worker oflow ability hired at w∗

H the �rm makes expe
ted (negative) pro�t
JL(w

∗
H) = −

x

φ+ δ + ρ+ λ(1− ϕ− η)
.The rate at whi
h low-ability workers are hired into this 
ontra
t is

hL(w
∗
H) = αλξ(1 − uL)

[
hL +GL−(pL)

]
=

λ2α̂ξ(φ+ δ)

(φ+ δ + λ)[φ+ δ + ρ+ λ(1− ϕ)]
.Therefore the �rm's pro�t on low-ability workers at wage w∗

H is
ΩL(w

∗
H) = hL(w

∗
H)JL(w

∗
H) = −

A0α̂ξx

[φ+ δ + ρ+ λ(1− ϕ)][φ + δ + ρ+ λ(1− ϕ− η)]
.Firms' pro�ts on high-ability workers ΩH(w∗

H) is the same as in the proof of Proposition 2. The 
onstant-pro�t 
ondition ΩL(w
∗
H) + ΩH(w∗

H) = Ω(RH , RL) then implies the equilibrium 
ondition for variable
ξ:

C(ϕ)C(ϕ+ η) =
pH − pL − x− ξα̂x

p̂− R̂
. (68)

wH > w∗
H : Pooling 
ontra
ts with layo�s of low-ability workers.This is only an equilibrium strategy if 1 − ϕ − η > 0. Otherwise (i.e. 1 − ϕ − η = 0), the highestinitial wage is at w∗

H . Ea
h worker of low ability hired at wH > w∗
H yields (negative) pro�t

JL(wH) =
pL − wH

φ+ δ + ρ+ λ(1− FH(wH))
.60



The rate at whi
h low-ability workers are hired into this 
ontra
t is
hL(wH) = λα(1 − uL)

[
hL +GL(wH) + g6

]
= λα(1 − uL)

(φ+ δ + ρ+ λ)(hL + g6)− λg6(ϕ+ η)
φ+ δ + ρ+ λ(1− FH(w))

.With the rede�nition
ˆ̂α ≡ α(1 − uL)

[(φ+ δ + ρ+ λ)(hL + g6)− λg6(ϕ+ η)](φ + δ + λ)

λ(φ+ δ)
,the �rm's expe
ted (negative) pro�t on low-ability workers at wages wH > w∗

H is
ΩL(wH) = hL(wH)JL(wH) =

A0
ˆ̂α(pL − wH)

[φ+ δ + ρ+ λ(1− FH(wH))]2
.Pro�t on high-ability workers ΩH(wH) is the same as in the proof of Proposition 2. Then the 
onstant-pro�t 
ondition ΩL(wH) + ΩH(wH) = Ω(RH , RL) yields the wage o�er distribution

FH(wH) =
φ+ δ + ρ+ λ

λ


1−

(
ˆ̂p− wH(1 + ˆ̂α)

p̂− R̂

)1/2

 , wH ∈ (w∗

H , wH ] ,where ˆ̂p ≡ pH + ˆ̂αpL. The top wage follows from FH(wH) = 1:
wH =

1

1 + ˆ̂α

[
ˆ̂p−

( φ+ δ + ρ

φ+ δ + ρ+ λ

)2
(p̂ − R̂)

]
.From the limiting 
ondition FH+(w

∗
H) = limwHցw∗

H
FH(wH) = ϕ+ η follows the 
ondition for variable

η (provided that η < 1− ϕ):
C(ϕ+ η)2 =

pH − pL − x− ˆ̂αx

p̂− R̂
. (69)Reservation WagesWe �rst 
al
ulate the value VL(pL):

(φ+ δ)VL(pL) = pL + δU + λ

∫ wH

w∗
H

[VLH(w) − VL(pL)] dFH(w) ,

= pL + δU +

∫ wH

w∗
H

λ(1− FH(w))
φ+ δ + ρ+ λ(1− FH(w))

dw . (70)The last integral is
∫ wH

w∗
H

λ(1− FH(w))
φ+ δ + ρ+ λ(1− FH(w))

dw = wH − w∗
H −

φ+ δ + ρ
φ+ δ + ρ+ λ

∫ wH

w∗
H

(
p̂− R̂

ˆ̂p− (1 + ˆ̂α)w

)1/2
dw

= wH − w∗
H − 2

C(1)[C(ϕ+ η)− C(1)]

1 + ˆ̂α
(p̂− R̂) .This equation together with (70), x = ρ[VL(p)− U ] and w∗

H = pL + x 
an be used to obtain x:
x =

ρ
φ+ δ + ρ

{
wH − b− 2

C(1)[C(ϕ + η)− C(1)]

1 + ˆ̂α
(p̂− R̂)

}
. (71)61



The reservation wage for low-ability workers satis�es
RL = b− x− λ

∫ wH

RH

max[VLL(ŵ(w)), VLH (w)]− U dFH(w) . (72)The integral is
λ

[∫ pL

RL

VLL(w)−UdFL(w)+η[VL(pL)−U ]+

∫ wH

w∗
H

VLH(w)−VLH (w∗
H)dFH(w)+(1−ϕ−η)[VL(pL)−U ]

]

=

∫ pL

RL

λ(1− FL(w))
φ+ δ + ρ+ λ(1− FL(w))

dw +
λ(1− ϕ)x

ρ +
(φ+ δ)x

ρ + b− pL

= (pL −RL)(1 − 2C(ϕ)) +
2C(ϕ)2

1 + α̂
(p̂− R̂)−

2C(ϕ)
1 + α̂

(pH −RH − pL +RL)
1/2(pH − pL − x)1/2

+
(λ(1− ϕ) + φ+ δ)x

ρ + b− pL .Here the last equation makes use of the same integral formula as in the proof of Proposition 2. Substi-tution of this expression and (71) into (72) gives the reservation-wage equation for RL.Regarding the reservation-wage equation for RH , we 
an also make use of the integral formula inthe proof of Proposition 2, whi
h gives
b−RH −

ρ
φ+ δ

(pH − b) = λ

∫ wH

RH

VHH(w) − VHH(RH)dFH(w) = (73)
wH −RH − 2C(1)(pH −RH) +

2C(1)C(ϕ)
1 + α̂

(p̂− R̂)

+
2C(1)α̂
1 + α̂

(pH − pL −RH +RL)
1/2(pH − pL − x)1/2 +

2C(1)[C(1) − C(ϕ+ η)]

1 + ˆ̂α
(p̂− R̂) .The equilibrium variables (ϕ, ξ, η,RL, RH) are determined by the �ve equations (67), (68), (69), (72)and (73), when η + ϕ < 1. Otherwise, equation η + ϕ = 1 repla
es (69).
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