     De p a r tment of Economics, University of W estern Ontario, London, Ontario Canad a

                           *

N6A 5C2; CLS Aarhu s, Department of Economics, University of Aarhus and Department

o f  E co n omics, Cornell University, Ithaca NY 14853; and Department of Economics ,

Un iversity  of Iowa, Iowa City IA 52242.  This work was supported in part by NSF gran t

SES-9122253.

                                                                                                                   Fitting Equilibrium Search Models to Labour Market Data

Audra J. Bowlus

Nicholas M. Kiefer

George R. Neumann

*

Draft Date: March 14, 1995

Print Date: March 5, 1996

1.  Introduction

                                                  The essential idea of equilibrium search models of  labour market behaviour is that
wage policy matters.  In contrast, the stylized neoclassical competitive model predicts that
firms paying  a wage above the competitive equilibrium will disappear; those of f ering less
will  a t tract no workers.  The search approach introduces "f riction" via inf ormatio n
asymmetries.  Here,  f irms that of f er high wages are more attractive to workers, obtaining
and  retaining employees more readily than firms offering lower wages.  Other things equa l
high wage firms generate lower profit per worker but make it up on volume.  These simple
id e a s  a b o u t  wage policy have been stated in inf ormal ways by several scholars. Hick s

(1932,  [1966]) discusses the ’Gospel of  High W ages’ whereby unusually successf u l
employers pay high wages to have the "pick  of  the market" (p.36).  Kerr (1954) initiated a
long-surviving, althoughnevermainstream,lineofresearchonempiricalcorrelatesofwag e
policy that has since become known as  "Dual Labour Market" theory.  W hile these early
discussions of wage policy are often  colorf ul,  f ormal content has been given to the ideas
o n l y  recently in equilibrium search models by Albrecht and Axell (1984), Burdett (1990) ,

Burdett  and Mortensen (1995), and Mortensen (1990).  In competitive models wage polic y
doesn’t matter because by definition in equilibrium the law of  one price holds:  all workers
of a given type receive the same wage.   Even in simple monop sony models of  the labour
m a rk et  (Card and Krueger (1995)) wage policy does not matter because the law of  on e
p rice  s till holds, albeit at lower than the competitive level.  In contrast, search model s
generate dynamic monopso ny power f or employers due to the presence of  f rictions such

a s  th e  le n gth of time it takes to find a new job.  A firm’s wage policy is important in suc h

models because it d irectly affects the distribution of income in an economy.  Moreover in

su ch  dynamic monopsony models public policy experiments such as introducing o r

changing aminimumwagecanhaveemploymenteffectsthatarequitedifferentfromthos e

expected in the standard competitive case.

                                                  B e ca u s e  equilibrium search models provide a natural interpretation of interestin g

la b our  market phenomena, the estimation of such models has attracted considerabl e

a tte n ti on.   Eckstein and W olpin (1990) estimate a version of Albrecht and Axell’s (1984 )

model; van den B erg and Ridder (1993,1994), and Kiefer and Neumann (1994) estimate

a  version of Mortensen’s (1990) model.  Although these models differ in the forces o f

competition generated by firms, each predicts a dispers e price equilibrium to exist.  In the

Albrecht and Axell model the equilibrium wage distribution is determ ined by heterogeneity

in reservation wagesofworkers.InMortensen’sapproachtheequilibriumwagedistributio n

is  d e te rm in e d  by the technology that matches workers to jobs.  This is a pure searc h

equilibrium  model, in that heterogeneity in workers or firms is not required for the existenc e

of  a dispersed equilibrium.  The key insight was the addition of the reasonable assumptio n

that  workers search while on the job and change jobs for higher wages.  To date, efforts

at fitting these models to data have not been com pletely successful.  The tight theoretical

structure  needed to generate simple estimation strategies results in a poor match betwee n

th eory  and evidence.  Evidence in this context is the data on the search time to fin d

employment, the wage rate received a nd the duration of the job.  W hile the duration data

are in reasonable agreement with the predictions of the theory, the distribution of earning s

is  not.  This is to be expected:  when wage policy matters, higher wages bring forth greate r

labour supply to firms, and since  workers prefer higher wages, the distribution function of
wa ge s  is p redicted to have a thick right tail.  On the other hand, empirical wag e
distributions typically have thin right tails, lo oking much like income distributions for which

Pareto  distributions are frequently used to characterize the upper tail.  One explanation fo r
this  mismatch between theory and evidence is that unmeasured differences acros s
workers  and jobs can not be ignored.  Of course unobserved heterogeneity, like dumm y
variables  in a regression, can be used to explain almost any error divergence between fac t
and theory.  W e adopt the approach of introducing heterog eneity in small doses - so  that
th e  e sse ntial information basis for wage dispersion is not completely absorbed int o

"heterogeneity."

                                                  In this paper we provide methods for estimating equil ibrium search models using a
non-parametric estimator of heterogeneity.  In Section 2 we describe the basic equi librium
search  modeldue to Mortensen (1990)and Burdett and Mortensen (1995)and we develo p
the likelihood function appropr iate to data generated by this model.  For the case that we
co n sid e r,  namely a discrete number of firm types having different productivity levels P ,
j
j=1 ,..,J,  the estimation problem is non-standard, and the likelihood function is no t
d if f e re n ti able.   W e characterize the MLE for this problem and provide a means o f
computing  it.  The computational method we employ exploits the special structure of the
p ro b le m.   In the first part of the algorithm we calculate the points of support of the wag e
distribution  in the presence of heterogeneity; in the second part the profile likelihoo d
fu nction, conditioned on the points of support of the wage distribution, is maximized with
re sp e ct  to the remaining parameters in the usual manner.  Asymptotic independence o f
these parameter blocks guarantees that the stepwise maximum is a global maximum.

                                                  The  third section contains a Monte Carlo study of the properties of the estimators

we  propose using all the data from the search model - unemployment durations, accepte d

wa ges,  and job transitions.  In Section 4 we apply this technology to labour marke t

transitions for young males using the National  Longitudinal Survey of Youth (NLSY).  Our

conclusions are given in the fifth and final section of the paper.

                                                                                                    r

                                                                                                                    b

�
( �

0

�

1

)

P

�
r

[

1

F ( w )

1

�
�

1

( 1

F ( w ) )

] dw

(1)

2.  Equilibrium Search Models

                                                  To characterize labour market transition data we  use the equilibrium search model
set out in Mortensen (1990).  W e summarize the homogeneous version of it briefly here.

The  primitives of the model are (1) the offer arrival rate for unemployed workers, � , (2) th e

0
a rriva l  ra te of offers while employed, � , (3) the job destruction rate,  , and (4) th e

1
productivity  level of firms, P.  In the model workers, taking the wage offer distribution of th e
f irm s  a s given, solve the standard search utility maximization problem and adopt a
reservation  wage strategy.  Following Mortensen and Neumann (1988) a worker’ s
reservation wage while unemployed is:

wh e re  F(w) is t he wage offer distribution, � = � /   and � = � /  , and b is the value of non -

0 0 1 1
market time.  Unemployed workers se e jobs arrive at rate � , and they accept the first job

0
th a t  offers more than their reservation wage.  W hile employed at wage w, a worker’ s
reservation  wage is also w.  Job offers arrive at rate �  for employed workers, and jobs ar e

1
destroyed at rate  .  In the homogeneous version firms are identical with pr oductivity level

P,  face constant returns to scale in production, and maximize profits by choosing the wag e
to pay.  The balancing condit ion which equates supply and demand is that firms will offer
higher  wages if and only if they can expect to get an additional number of workers to cove r
the lower per worker profits.  H igher wages attract more workers to a firm and allow firms
to  retain the workers longer.  Mortensen (1990) shows that the unique equilibrium wag e
distribution is:

           F ( w )

                                                                                                         1
�

�

1

�

1

[ 1

(

P
w

P
r

)

1 / 2

]

           f ( w )

                                                                                               [

                                                                                                        1
�

�

1

                                                                                                                     2 �

1

]

1

( P
w ) ( P
r )

.

(2)

(3)

                                                                                                           Figure 1(a) Figure 1(b)
with density

                                                  T h e  development so far has considered the case where all firms have identica l

productivity,  P.Bowlus,KieferandNeumann(1995)andKoning, Ridderand van den Ber g

(1995) point out that this implies from (3) that the density of wage offers, shown in Figure

1(a),  is increasingoverits support.  This is the estimated equilibrium wage distribution fro m

Kiefer and Neumann (1994).

B

u t

,

a

s

n

o t

e

d

           P

                        j

                                                                            w

                                                                                          H j

B
j

w

H j

1

                                                                                                            1

B
j

.

           f ( w )

                                                                M Q

                                                                  j

                                                                            1

                                                                                            [ [

                                                                                                          1

                                                                                                                       �
�

1

[ 1

�
j

1

) ]

2 �

1

] [ ( P
j

w ) ( P
j

w

L j

) ]
1 / 2

]

�

I ( w

L j

< w � w

H j

)

(6)

(7)

wh e re  w  is the lowest wage that will be offered by a firm of type j and w  is the highes t

                                                               Lj Hj
wage paid by a type-j firm.

                                                  Several restrictions are implied by the model. First,
w  = r, and w  = w , j = 1,..,Q-1.  Second, F(w ) = � (P ), j=1,...,Q.  Define B  = [(1+ � (1-

            L1 Hj Lj+1 Hj j j 1

� ))/  (1 + � (1 - � ))]  and observe that 0 < B  < 1 ~  j. Then, from the condition F(w ) = �  i t

        j 1 j-1 j Hj j

2
follows that

E qu a tio n  (6) implies that if we know � , r, w  and � , j = 1,..,Q, we can estimate th e

1 Hj j
unobserved productivity levels, P .

j

                                                  T h e  st ochastic processes induced by the model described above completel y
ch a racterize  labour market histories, whether complete or incomplete.  The data to b e
explained  are durations of unemployed search, D , the wage received on an accepted job ,

1
w,  th e  le ngth of that job, D , and whether the job ends because it was lost (C=1) or lef t

2

(C=0).   Accordingto the theoryunemployed search durations are exponentialwith intensit y
parameter � .  The marginal distribution of accepted wages is f(w) given by

                                                                                         0
where  I(x) is the indicator that the event x occurs.  The theory also predicts that conditiona l
o n  th e  wa g e rate received, w, the density of job durations, f(D  w), is exponential wit h

2

                                                                                         Pr ( C

1  w )

�

�

1

( 1

F ( w ) )

.
(8)
in te n sity  p a r ameter (   + � (1-F(w)) where F(w) is given in equation (4).  Finally th e

1

probability that a job ends by being lost rather than left, Pr(C=1  w), is

The likelihood function for this segment of the labour market history is:

5 ( � )= �  exp(- � D )f(w)exp(-(  + � [1-F(w)]D ))   ( � [1-F(w)]) . (9)

                                           0 0 1 1 2 1

C 1-C

                                                  W e  p a rtition the parameters of this model into three groups as: �  = < � , � , �  >

1 2 3

where

                                                                                                    �  = < w , w , .., w  >

                                                                                                             1 H1 H2 HQ-1

                                                                                                    �  = < r, w  >

                                                                                                             2 HQ

                                                                                                    �  = < � , � ,   >.

                                                                                                             3 0 1

Ob s erve  that the likelihood function is continuous but not differentiable in w ,...,w ,

H1 HQ-1

which  canbeseenfromthedistributionfunctionof wages shown in equation (5).  However ,

the  cut points w , j=1,..,Q-1, are points of discontinuity of the density and the results o f

                                                                                                                      Hj

Ch e rn o f f  a nd Rubin (1956) show that maximum likelihood estimates of discontinuity i n

density converge to their true  value at rate N.  Therefore asymptotically, to order N , the

1/2

va ria b ility  in estimates of w  is unimportant and can be ignored.  W e provide empirica l

Hj

evidence on this conclusion in a small sampling exper iment below.  In our application, we

use  the bootstrap to provide standard errors for these parameters.  The likelihood functio n

(9 )  wit h w  treated as known remains non-standard because the range of the rando m

                                                                           Hj

variable,  w , is from r to w  and these are parameters of the model.  Kiefer and Neuman n

                                                                              1 HQ

(1994) propose the estimators

                                                                                                            �r
min { w
i

} , �s
max { w
i

}

                                                                                                      5 ( � )

M
wc �

[ 1 n ( 1 / 2 �

1

)

1 / 2 ln [ ( P

1

w ) ( P

1

R ) ] ]

�

M
w � �

[ ln ( ( 1

�
�

1

) / 2 �

1

)

1 / 2 ln [ ( P

2

w ) ( P

2

� ) ] ]

�

�

(9)
for r and w .  The estimators r  and s   are super-ef f icient but in f inite sample they are not

                                                                             HQ

^ ^
necessarily the MLE’s for r and w .  However, a symptotically they are the MLE’s and the

HQ
theory of  local cuts (Christensen and Kief er (1994)) justif ies conditioning on them.

                                                  A characterization of maximum likelihood estimators for  w  j=1,..,Q-1 in wage data

Hj
is given by the following theorem.  The result is that the ML Es f or these parameters occur
at observed wages.

                                                  Theorem 1.

                                                  Let {W } be the set of obser ved wages f rom a sample of  size N drawn f rom

                                                                                                   N

                                                  t h e  wa g e distribution described in equation (7).  Denote the parameter s

                                                  corresponding  to points of discontinuityof this distribution as w , j = 1 to Q-1 .

Hj

                                                  The maximum likelihood estimator for w , denoted w , is a (Q-1 ) element of

Hj Hj

^

                                                  W .

                                                                  N

Proof.

                                                  W rite the likelihood f or wage data

He re  P  a n d P  are f unctions of  �  and �  is a single kink point in the distribution.  Th e

                                                       1 2
argument  is as follows:  if  does not occurat an observed wage, then the first and secon d

�

�

                                                                                                  M

                                                                                                 w < �

[ ( P

1
w )

2

�

( P

1

R )

2
] ( 1

B

1

)

2

                                                                                       M

                                                                                     w � �

                                                                                                                        [ ( P

2
w )

2

�

( P

2

� )

2
(

B

2

/ ( 1

B

2

) )

2

                                                                                      M

                                                                                     w > �

                                                                                                                     [ ( P

2

� )

2
( B

2

/ ( 1

B

2

) )

                                                                                      M

                                                                                     w � �

                                                                                                                      [ ( P

2

� )

2
( B

2

/ ( 1

B

2

)
�

1 )
order  conditions for a maximum must be satisfied at .  W e show this is not possible.  It

su f f i ces  to do this for the case where �  is the only unknown parameter as we show th e

se co n d  derivative is positive - so in the multiparameter case a diagonal element of th e

Hessian would be positive, violating the second  order condition.  Differentiating twice and

using 0 P / 0 �  = 1/(1-B ) and 0 P / 0 �  = -B /(1-B ) gives

                                                                1 1 2 2 2

                                                  2 5  =

                                                                 �

                                                      +

                                                      +

                                                      +

                                                      > 0

T h e orem  1 tells us that there is no purpose looking for solutions to normal equations fo r

estimates  of the points of discontinuity; the estimates are observed values of wages, whic h

are  the points of discontinuityof the likelihood function of the sample.  Though ourtheore m

a n d  p ro o f  focus on the leading case of wage data (the most relevant, and necessary ,

source  of information on the wage distribution), experience has shown us that the additio n

o f  duration data, etc. does not affect the main result.  Many variations are possible wit h

different  data configurations.  For Q known there are N!/(N-Q+1)!(Q-1)! potential estimate s

of w , which can be a large number.  Finding the maximum of the likelihood function can

                     ^

                             Hj

�

�

1

�

�

3

.
�

�

2

�

�

3

.

be  donebyagridsearchin lowdimensions, although forQ >3 this becomes time intensiv e
for samples of the size typically used in panel data-- that is, N �  500-1,000.  For example,
for  Q=3 and N=500 there are N(N-1)/2 =124,750 distinct combinations of w  and w

H1 H2
possible.  The N(N-1)/2 elements are the upper off-diagonal elements in a matrix array of

W  x W  where search is restricted by the order relation w  > w .  This triangular array is

H2 H1
replaced in higher dimensi ons by the suitably restricted sub-matrices with w  > w  for j >

Hj Hi
i �  Q.  Not al l of these ordered points are admissible.  To be admissible we must have P
j

>  P  whenever j > i. Mortensen (1990) shows that P  > P  <  w  > w , but the converse is no t

                         i j i Hj Hi
true as can be seen from manipulation of equation (6).  Equation (6) provides the solution
to  P = A*W  , where P is an Mx1 vector of productivities of the M firm types, and W  is  an

                                                                                      H H

(M+1)x1 vector of wage cut points -- W (1) = R, W (2) = w , etc.  W hen P is not ordered,

H H H1
the estimate of w  that generated P is not admissible, and the likelihood function need not
                                                                                                                   ^

Hj
be evaluated at that point.

                                                  The likelihood function shown in (9) can be maximized using an iterative pr ocedure
with two steps in each iteration.  In the first step  of the algorithm the function 5 ( � | � , � ) is

1 2 3
maximized  using Simulated Annealing (Szu and Hartley (1987), Otten and Ginneken ,

(1 9 8 9 ))  to obtain an estimate of � , � . In the smooth maximization step �  is used t o

1 1 1

^ ^
maximize  5 ( � | � , �  ) using a Newton-Raphson procedure.  These steps are iterated until

                                                                                              3 2 1

                                                                                                          ^ ^
convergence  occurs.  Since the estimator  converges at rate N (Chernoff and Rubin ,

1956)  it is asymptotically indepenent of   The estimator  is also superefficient (an d
a local cut) and asymptotically independent  of   Thus iterative separate maximizations

le a d  to  a  j oint maximum of the likelihood function on convergence.  In the Simulate d

A n n e a lin g  ste p we use a maximum number of iterations that depends on the number o f

points  of support of the heterogeneity distribution, Q, with a "wrong" acceptance probabilit y

o f  .0 5  f o r a  u n it step in the wrong direction.  On the smooth part of the function w e

m a xim ize  5 ( � , � | � ) using Gauss’s OPTMUM procedure with a stopping criteria of a

                                                                                                   2 3 1

^

change in function value less than 10 .

-8

                                                  S o  f a r  we have treated Q, the number of points of support of the heterogeneit y

distribution, as known.  The choice of Q in this framework is simil ar to choosing the points

of support in the Heckman-Singer (1984) estimator of a mixing distribution.  As yet there

is  n o  f o rm a l  test for choosing the correct level of Q.  Certainly one could conside r

conditional moments tests, choosing the first Q that produces a set of estimated mome nts

within  a given tolerance range of the sample moments.  In our experience the quasi -

likelihood  ratio test - -2* � logl < 3  - appears to work reasonably well as a criterion fo r

2

. 05

choosing Q.  W e describe o ur experience with this rule with a small Monte Carlo study in

Section 3.

3.  Monte Carlo Results

                                                  To examine th e behaviour of the estimator described in section 2 we conducted a
sm a ll  Monte Carlo analysis.  Samples of size 500 were generated according to the tru e
model and 500 replications were perfor med.  The true model is specified as �  = .03, �  =

0 1

.0 1 ,    = .0 0 3 5 , Q=3, r = 100, w  = 179, w  = 377, w  = 677.35, �  = .3, �  = .7.  Th e

H1 H2 H3 1 2
m o d e l  wa s estimated for Q= 1,...,7, and the number of break points was selected b y
co m p a rin g  minus twice the loglikelihood difference associated with increasing Q by on e

(this statistic is denoted V) with the .05 critical value of x (1).  W e denote the Q chosen by2
th is  crit erion as Q .  As we noted above, the sampling distribution of V is unknown.  It i s
*
clear  that the likelihood function is nondecreasing in Q.  Note that the Neyman-Pearso n
lemma  applies, so V is the right criterion function to use. W hat remains unknown is th e
distribution of V and therefore the appropriate critical values.

                                                  For the500 replicationsthemarginaldistributionof theestimatedQisgiveninTabl e

1.

Table 1

Sample Distribution of Q
^

True value of Q = 3

                                           Q  = 1 2 3 4 5+
                                                   ^

                                  h(Q ) = .000 .000 .368 .398 .234
                                                     ^

Using this  criterion Table 1 indicates a tendency towards overfitting the points of support
for the wage distribution.  Note  that this is the opposite of the pattern noticed in using the

He ckm a n -S in ger  estimator.  In fact, Heckman and Singer (1985) find that the estimato r
typ ica lly  chooses a small number of points of support.  As Table 1 shows, in this mont e

     The e stimates of the reservation wage r and the highest wage w  are unaffected by

                       1

HQ

the choice of Q.

     The estimate of �  does not depend upon the value of Q.

                       2

0
carlo  experiment we never underfit Q and 63% of the time we choose a value greater tha n

th e  tru e  va lue of Q.  This bears further investigation and suggests increasing our critica l

values.

                                                  T h e  o bvious question is how does the choice of Q affect the estimates of th e

p a r ameters  of the model, in particular � , � , and  .   Table 2 shows the samplin g

0 1

1

distribution for these p arameters with Q chosen according to the criterion we have given.

Thus these are marginal quantities (with respect to Q).

Table 2

Sample Distribution of � , � , and

0 1

                                   Parameter Mean 5th %-tile 95th %-tile

                                                                   � 0.030 0.028 0.033

                                                                           0

                                                                   � 0.010 0.009 0.011

                                                                           1

                                                                      0.0035 0.0031 0.0038

A s  t he table shows the mean values of these estimates are dead on.  Furthermore th e

sampl ing variation is very small.  For example, 95% of the sampling distribution of �  lies

1

between .009 and .011, and for   between .0031 and .0038.

2

                                                  If we use a value o f Q  greater than the true value of Q, Q ,  we find that this has a

^ o

relatively small effe ct on the parameters.  For example, the root mean square error for �

1

in cre a se s  by 2.4% if we compare the estimates implied by Q  with those produced usin g

^

Q .   However, the root mean square error for   decreases by 2.2% using the sam e

             o

     W e use the 5th and 95th percentiles from the set of hourly wages for paid hourl y
                              6
wo rke rs  from the March outgoing rotation groups for each year.  This avoids wag e
co n ve rsion  problems also present in the CPS.  The lower bounds are quite close to th e
minimum wage.

                                                  W age  data in the NLSY are categorized according to time rates: hourly, daily ,
weekly, bi-weekly, monthly, and annu ally.  Each time a respondent is questioned about a
job, wage information is co llected.  For this study the first wage reported for a job is used
a s  the accepted wage offer.  All wages are converted into weekly wages and reported in

1982 constant dollar s.  Some care needs to be taken with the wage information reported
b y  th e  NL S Y.   Several cases can be found where a respondent reports a time rate tha t
does not agree with the pay rate.  To identify these problem responses we cro ss check all
ti me  and pay rate responses against upper and lower bounds collected for males of th e
same  age and education from the Current Population Surveys (CPS) for 1979-1991. 6

Those respon dents with wages that do not fall within the acceptable ranges are dropped
from the sample.  W ages greater than $600 per week are also dropped from the sample.

                                                  T a b le s  3  and 4 contain the estimation results for white and black males ,
re sp e ctively.   In both cases a large improvement in the log likelihood occurs whe n
h e te ro ge n e it y  is introduced.  As in Bowlus, Kiefer and Neumann (1995) the value of th e
log likelihood stabilizes as  Q gets larger.  Using our criterion the optimal choice for Q is 4
for  whites and either 3 or 4 for blacks.  For ease of comparison of wage distrinutions we
choose  Q=4 in both caes.  Examining the behaviour of the parameter estimates over Q w e
find that they converge as well.  At leve ls of Q beyond the optimal choice, the differences
in the parameters across Q are insignificant.

     T h e  r atios of the job offer arrival rates to the job destruction rate, �  and � , can b e

                           7

0 1

viewed as the relative competition levels firms face for workers.

     The mean wage for whites is $291.70 and for blacks $255.08.

                       8

                                                  Co m p a ri ng  the estimates across the two groups reveals that blacks face a

significantly  higher arrival rate of offers while unemployed, � , and a significantly higher jo b

0

destruction  rate,  .  Interestingly enough � , the arrival rate of job offers while employed,

1

is not different for young black  and white males.  These results imply much lower relative

competition  levels for blacks than whites.   The values of � (= � /  ) and �  (= � /  ) for whit e

7

0 0 1 1

m a le s  a re  3 .0 3  and 2.96, respectively, while for black males they are 1.81 and 1.06.

T a b l e  5 shows the estimates of r, w , and �  and P , j=1,..,Q , for both groups.  It i s

Hj j j

*

in te re stin g  to note that black and white men have similar reservation wages and simila r

d istrib utions  (white men have an additional cut point).  However,  blacks earn 87.4% o f

wh ite s  in  t his sample.   This wage differential arise, render this search interpretatio n

8

b e cause  job offers while unemployed arrive sloer than for whites and because jo b

d e stru ctio n  is higher.  Because of this higher outflow blacks have less opportunity t o

a d va n ce  u p  the wage distribution. Thus, the wage differential is explained in this mode l

p rim a rily  by differences in labour market competition across the groups.  Table 6 give s

bootstrap standard errors  based on 100 replications for the parameters corresponding to

Q*.   ThestandarderrorsfromtheHessianare given forthe regularparameters.  These lin e

up  well with the bootstrap, showing that the asymptotic standard errors are a goo d

approximation. Forthechange-pointparametersthebootstrapstandarderrorsaretheonl y

ones available.  Note that, as expected, these parameters are quite precisely estimated.

 Table 3

                                                                                                           Estimates f or W hite Male High School Graduates

Q � �  LogL

0 1

1 0.013359 0.004079 0.005143 -7231.67

                                                                                     (.000769) (.000302) (.000303)

2 0.013359 0.006660 0.004643 -7100.35

                                                                                     (.000769) (.000477) (.000293)

3 0.013359 0.007855 0.004449 -7074.06

                                                                                     (.000769) (.000562) (.000288)

4 0.013359 0.008007 0.004415 -7065.83

                                                                                     (.000769) (.000572) (.000288)

5 0.013359 0.008224 0.004379 -7064.80

                                                                                     (.000769) (.000591) (.000287)

6 0.013359 0.008255 0.004372 -7063.22

                                                                                     (.000769) (.000769) (.000287)

Table 4

                                                                                                            Estimates for Black Male High School Graduates

Q � �  LogL

0 1

1 0.022258 0.003207 0.008448 -3064.56

                                                                                     (.001798) (.000450) (.000694)

2 0.022258 0.006940 0.007730 -2958.37

                                                                                     (.001798) (.000923) (.000674)

3 0.022258 0.007472 0.007634 -2939.99

                                                                                     (.001798) (.000971) (.000673)

4 0.022258 0.008001 0.007551 -2938.17

                                                                                     (.001798) (.001065) (.000671)

5 0.022258 0.008165 0.007519 -2936.45

                                                                                     (.001798) (.001078) (.000670)

6 0.022258 0.007978 0.007532 -2935.97

                                                                                     (.001798) (.001080) (.000672)

Table 5

                                                                                                    Estimated Support Points of the W age Distribution

Parameters Q=4 Q=4

W hite Males Black Males

r 145.54 143.79

w 291.74 253.16

            H1

� 0.6118 0.6315

        1

w 374.66 281.83

            H2

� 0.8244 0.7563

        2

w 469.48 373.26

            H3

� .9399  .9301

        3

w 597.16 598.47

            H4

Table 6a

Comparison of Hessian and Bootstrap

                                                                                                Standard Deviations For White Male NLSY Sample

Parameter  Hessian Bootstrap Bootstrap

                                            s.d.’s x (10 ) CV
+3

                                                                                      � .769 1.844 0.068

                                                                                              0

                                                                                      � .572 0.736 0.097

                                                                                              1

                                                                                         .288 0.425 0.095

Table 6b

Bootstrap Standard Deviations
of Cut Points

Paramaeter S.D. Parameter S.D.

                                                                 R 3.638 P 21.767

1

                                                      W H 28.782 P 57.484

                                                                                  1 2

                                                      W H 43.857 P 97.972

                                                                                  2 3

                                                      W H 50.611 P 157.307

                                                                                  3 4

                                                      W H 4.941 -- --

                                                                                  4

5.  Conclusions

                                                  W e  h ave demonstrated that the equilibrium search model with heterogeneity i n

firms’ produc tivities can be estimated and provides a dramatic improvement in fit relative

to  the homogeneous model.  The estimation problem is nonregular but its special feature s

ca n  b e  exploited to design an efficient estimation procedure.  A limited samplin g

experiment  verifies that the estimates are feasible and have reasonable properties.  W e

provide an appli cation using NLSY data on new entrants in the U.S. labor market.  Since

th e  m o d e l is nonlinear and nonregular we provide bootstrap standard errors of ou r

parameter estimates.  Our results show that unemployed blacks receive fewer offers than

wh ite s  and employed blacks are more likely to lose their jobs.  Importantly, employe d

blacks and whites have equal probabilities of  advancing up the job ladder.  The net result

is  th a t  the black employment flows lead to higher concentrations in lower wage jobs .

These findings underscore the importance of labor market institutions - affecting m atching

and job loss -in explaining racial differences in incomes.

References.

A lb re ch t,  J. W ., and B. Axell, [1984] "An Equilibrium Model of Searc h

                                                  Unemployment," Journal of Political Economy , 92:824-40.

van den Berg, G. J., and G. Ridder, [1993] "On the Estimation of Equilibrium Searc h

                                                  Mo d e ls  from Panel Data," in J.C. Van Ours, G. A. Pfann, and G. Ridder ,

                                                  eds.,  Labor Demand and Equilibrium Wage Formation , New York: North -

                                                  Holland, 227-245.

________, [1994] " Estimat ing Equilibrium Search Models from W age Data," in N.

                                                  C.  W estergård-Nielsen and P. Jensen, eds., Proceedings of the Thir d

                                                  S ympos i um  On Panel Data and Labour Market Dynamics , New York :

                                                  North-Holland, 43-55.

B o wlu s,  A ., N. M. Kiefer, and G. R. Neumann, [1995], "Estimation of equilibriu m

                                                  wage  distributions with heterogeneity," Journal of Applied Econometrics ,

                                                  forthcoming.

B u r dett,  K., [1990], "Search Models: A Survey," University of Essex Discussio n

                                                  Paper.

Burdett, K., and D. T. Mo rtensen, [1995], "W age Differentials, Employer Size, and

                                                  Unemployment," International Economic Review , forthcoming.

Ca rd,  David, and Alan B. Krueger, [1995], Myth and Measurement: The Ne w

                                                  Economics of the Minimum Wage , Prin ceton University Press: Princeton,

                                                  N.J.

Chernoff,  H., and H. Rubin, [1956], "The Estimation of the location of a discontinuit y

                                                  in  density", Proceedings of the Third Berkeley Symposium o n

                                                  Mathematical Statistics and Probability , Berkeley: University  of California

                                                  Press, 1, 19-37.

Ch ris tensen,  B. J. and N. M. Kiefer, [1994], "Local cuts and separate inference, "

                                                  Scandinavian Journal of Statistics , 20:1-13.

Devine, T. J., and N. M. Kiefer, [1991], Empirical Labor Econ omics: The Search

                                                  Approach , Oxford: Oxford University Press.

E c kstein,  Z., and K. I. W olpin, [1990], "Estimating a Market Equilibrium Searc h

                                                  Model From Panel Data on Individuals," Econometrica , 58:783-808.

Heckman, J. J., and B. Singer, [1984], "Econometric Dur ation Analysis," Journal of

                                                  Econometrics , 32:59-84.

Hicks,  J. R. [1932], The Theoryof Wages , MacMillan, London. [2nd edition, 1966] .

Kerr, C. S., [1954], "The Balkanization of labor markets," in E. W right-Bakke et al.,

                                                  eds., Labor Mobility and  Economic Opportunity , MIT Press, Cambridge,

                                                  MA.

Kiefer, N. M., and G. R. Neumann, [1991] "Notes On Monopsony Models", mimeo,

                                                  Princeton University.

________, [1994] "W age Dispersi on with Homogeneity: The Empirical Equilibrium

                                                  S e a rch  Model," in N. C. W estergård-Nielsen and P. Jensen, eds. ,

                                                  Proceedings  oftheThirdSymposiumOnPanelDataandLabourMarke t

                                                  Dynamics , New York: North-Holland, 57-74.

Kirkpatrick,  S., C. D. Gelatt, Jr., and M.P. Vecchi, [1983] "Optimization by Simulate d

                                                  annealing," Science , 220:671-80;

K o n in g,  P., G. Ridder, and G. J. van den Berg, [1995], "Structural and frictiona l

                                                  unemployment in an equilibrium search model with heterogeneous agents,"

                                                  Journal of Applied Econometrics , forthcoming.

Mo r tensen,  D. T., [1990] "Equilibrium W age Distributions: A Synthesis," in J .

                                                  Ha rto g,  G. Ridder, and J. Theeuwes, eds., Panel Data and Labor Marke t

                                                  Studies , New York: North-Holland, 279-96.

Mo rte n se n,  D. T., and G. R. Neumann, [1988], "Estimating structural model o f

                                                  u n employment  and job duration in dynamic econometric modelling, "

                                                  Proceedings  ofthe Third International Symposium in Economic Theor y

                                                  and Econometrics , Cambridge University Press.

Otten,  R.,andL.vanGinneken,[1989], The AnnealingAlgorithm , Boston: Kluwer .

Szu,  H., and R. Hartley, [1987] "Fast Simulated Annealing," Physics Letters , A ,

                                                  12:157-62.