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0: INTRODUCTION

This paper merges the two daminant and, sa far, distinct

" approaches to labor turnover. 0One approach has been to model
turnover as a response to the changing composition of product
demands acraoss firms. See Lucas and Prescott (1274). As demand
for a firm's product rises relative ta those of other firms, it
raises its wages and attracts workers fraom the ather firms.
NMotice that this re-allocation af labor will occur even if
workers are homogenous in their productivities and even in the
absense of uncertainty. The alternative approach, job—-matching,
relies instead on uncertainty and worker heteraogeneity to
generate turnover. See Jovanovic (1979). In these models a
worker 's productivity will depend upon which firm he 1s
employed by. The worker, therefore, searches for firms with
which he is better matched and so aver his career will move
between jobs as better matches are found.

It is clear that both reasons for turnover are operating
at once in the economy. Much of the movement of labor out of
the steel industry and the north—-east and into the service
sector and the south-west is not due to a massive and highly
correlated (across workers) change in match qualities. Hawever,
much of the turnover found in panel data, for instance that of

new entrants to the labarforce L[Topel and Ward (19835)1, is
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presumably not due to changes in the composition ofrprnduct
demand across firms. Thus, to explain actually observed
turnover, a model must allow for both causes. As will be shown
later in the paper, explicitly including both causes in a model
is especially important because they interact in rather complex
ways. For instance, workers may well transfer to a job that has
a lower match but whose output is currently 1in high demand.
Thus many of the usual results in the matching literature on
wage as function of tenure require mndificatinn. Similarly,
recognition of the presence of matching means that even with
complete information a firm or sector will face an upward
sloping supply curve of labor.

A second advantage of including both sources of turnover
in a model is that it enables one to merge, to some extent, the
theories being used to explain labor market behavior at the
macro and micro levels. As Heckman (1784) has pointed out, many
models of macro labor market behavior (time series data), e.g.
Kydland and Prescott (1982), Long and Plosser (1983), largely
because they are representative agent models, cannot explain
ubserved behavior at the micro level (panel data). For
instance, such models cannot shed light on the unemployment
series, or, indeed, even the existence of unemployment.
Similarly, models designed to explain panel data are not
successful at explaining macro time series data. This is

gbviously an undesirable situation which this paper goes some



way to remedying by introducing relative demand shocks into a
matching model.

The paper is organized as follows. The next section
presents the model and studies the impact of a mean preserving
spread of either the distribution of match guality or relative
labor demands on welfare. Section 2 looks at the impact of
introducing relative demand shocks on the behavior of wages
with tenure. Section 3 looks at the empirical implications of
this model. A likelihood function i1s derived for wage changes
and the probability of separation given tenure. We also note
the implications for wage—tenure regression analysis. Section 4
shows that including relative demand shocks into a matching
model will cause average wages paid by a firm to respond only
slowly and in an autocorrelated way to product price changes
even when each individual worker ‘s wage is sgqual to his value
marginal product and when the relative demand shocks are iid
over time. Finally, section S contains some concluding

comments.

1: THE MODEL

All workers are risk neutral, have the same value of
leisure, u, the same discount factor, 8, (0<p<{1) and the same

constant hazard of death (1-v), 0 < (1-7) < 1., Thus in each



paeriocd the probability that a worker will live to the next
period is v. Workers differ only in their match parameters, 6§,
which are their productivities at a given firm. For an
individual worker these are distributed according to the
cumulative distribution G(8) with support [8,81, 0<£8<{8<m,
across firms. The draws from G(8) are iid across workers. A
worker 's match with a firm is time invariant. The wage paid to
a warker in any period is just his value marginal product at
the firm that period, py8. Prices across firms follow a Markaov
process with a steady state cumulative distribution F¥(p) and
transition probability function F(pg,1ipg? with support

[E,E], OgE<ﬁ<w.

Workers can, whether employed or urnemployed, sample only
one firm each period and the cost of this sampling is, for
simplicity, set at zerao. The sampling is random and reveals
both py and 8. These offers cannot be recalled. Given these
canstraints it is clear that all workers wWwill search each
period and an unemployed worker will take a job if P8 > u. As
we shall see presently, the absence of recall implies that some
jobs for which pg8 < u will alsoc be acceptable. The acceptance
strategy of an employed worker is more caomplex. Define A as the
present value of quitting a job and becoming unemployed. The

worker ‘s value function can then be defined as
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vipg,8 = ped + vB[[[Maxtn,vipray, 8 ,vip 8703
pp B

dF (pp4y35PL)dF*(p )dG(B") (1)

Where F*¥(p) and F(pys+1;Pe) are related byl

F¥(p) = Fi(p,s)dF¥(s) (2)

{0 —0I

From (1) the value of quitting can be found to be

A= u+ YB[ Max {a,vip,8)3dF*(p)dGa) (%)

From (1) and (3) it follows that when p¢l=u, v—-A 1s in general
strictly positive, which means that certain jobs for which
pt8<u will also be acceptable. Thus the warker may choose to
take a job that has a high permanent component to the wage
(high 8) even if the current wage is low because aof a

(transitary) low product price. This result is due, of course,

————— e e e e e et e

1 710 ease notation multiple integral signs and the limits of

integration will only be made explicit where there is a risk of
confusion.



to the absence of recall of past offers.

To gain some understanding of (3) it is best to consider
two extreme cases. First, consider the case in which the price
at a firm is perfectly autocorrelated. In this case, because
both the quality of the match and the price are time invariant,
the worker will care only about the wage offered and not about
its composition in terms of p and 8. Thus the worker’'s value
function reduces to a function of p8. In this case we get a
standard on-the-job search model and the worker will accept any
and all jobs that offers a higher wage than his current one (or
u if he is unemployed). In B8-p space, the worker 's i1ndifference
curves coincide with the iso—-wage curves which are themselves
rectangular hyperbole. (S5ee Figure 1).

The second special case is that in which prices are
serially independent. Notice that in this case py does not
appear under the integral signs in (1) and so the value

function reduces to

vipg,8) = ped + T(H) (4)

where T(8) is saome differentiable, increasing function of @

alone. (4) shows that, unlike the previous case, the worker is
na longer indifferent to the composition of the wage offer. In
particular, because the match component is permanent while the

price component is transitory, the former will have a larger
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impact on the worker ‘s acceptance decision than the latter.
This is shown by the worker 's indifference curves in Figure 1
being much steeper than the iso-wage curves when the price is
serially independent.2

The traditional matching model can be regarded as a
special case of the model described abaove in which E=ﬁ. In
that case there are no relative labor demand shocks affecting
turnaver and the only reason to re-allocate labor is in order
to imprave the match qguality. In this enviranment the workers’
opportunity set will be a horizontal line at height E=§ in
0—p space. Conversely, a composition of demand model is a
special case in which 8=8. In this case there are no
productivity reasons far turnover and only movements 1n
relative labor demand drive turnover. Here, the workers’
opportunity set will be a vertical line at 8=8. In the
general case dealt with in this paper, both reasons for
turnover are operative and this results in a two dimensional
opportunity set.

To gain a better understanding aof the impact of
non—-degenerate distributions of both matches and relative

prices on labor allocation, let us cansider two simple

2 In the case of time invariant prices dp/d8 = —-p/8 while,
from (4), in the case of serially independent prices dp/df =
~{p+5°)/08. The convexity of the indifference curves in this
latter case follows from the convexity of vi(p,8) in 8 which
implies that %' ’>0.




depictions of the labor market.> Consider first the impact of
diversity of matches on the intersectoral flows of labor.
Assume for simplicity that there are two firms, 1 and 2, and no
uncertainty. Workers prefer firm 1 over firm 2 iff w;>wp or,
alternatively, if w; = pj8;, i=1,2, they will prefer firm 1 iff
py83/pp - 85 > O. If By and 8, are normally and independently
distributed with a common mean, ux0, and variance, az, then the

fraction of workers prefering firm 1 is

C1~(py/po)lu (5)
1 - F - s s(py1/po,a)
Ci+(py/pm)<117%5

where FL.] is the standard cumulative normal function. Three of
these supply functions are shown in Figure 2. Notice that they
become less elastic as the variance of the distribution of
matches increases and that when the match distribution is
degenerate (a2=0) the supply curve is horizontal. Thus the
amount of labor reallocated between sectors in response to a
shift in relative demands is reduced by matching.

An exactly analogous analysis holds for the impact of
relative price dispersion on the arbitrage of match

differentials. Assume that workers are matched with sectors (1

3 This analysis relies heavily on Roy (1%31).



and 2) rather than firms and that firms in each sector have
product prices which are normally and independently distributed
with the same mean and variance in each sector. In this case
the supply curve of workers to sector 1 is given by (35) with
the p's replaced by 8's. These supply curves will look exactly
like those in Figure 2 with the axes appropriately relabelled.
Thus price dispersion will reduce the amount of labor
reallocation in response to changes 1n sectoral match quality
(technolagy}.

If both the distributions of match quality and relative
demands are important for turnover, a relevant question to ask
is how welfare in the economy would change if these
distributions changed. That is, how do the returns to ssarch
and turnover change? Here we restrict the changes 1in
distributions to be mean preserving spreads. hese have the
advantage of leaving the expected value of output on a random
worker—firm assignment constant.? So any change in welfare must
come about only from an increése in the returns to search and
turnover. The results are summarized in the following two

propositions.

Proposition 1

4 Random assignment of workers to firms implies that Ep#® =
EpES.
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A mean preserving spread of G(8) increases both A and vi(.,.).

Proof See Appendix.

Thus as the quality of matches becomes more variable, the
welfare of both employed and unemployed workers increases. This
is due to the fact that the employed waorker can always stay at
his current job at the current 8§ while an unemployed worker can
stay unemployed and receive u. In other words, both hold put
options and the value of those optiogns rises with the
dispersion of the underlying distribution.

Now define Fi(p’';p) to be a mean preserving spread of
Fo(p'3p) if, for each p (fixed), Fy{(p';p) is a mean preserving

spread of Fo(p’';p).

Proposition 2

If Fi(p’';p) is a mean preserving spread of Fo(p’';p) and if
Ff(p) ti=1,2) are the corresponding steady state
distributions, and if FT(pJ is a mean preserving spread of
Fﬁ(p), then the mean preserving spread leads to an increase

in both A and v(.,.).

Proof See Appendix.5

—— —— e i e g T n ——— ——

3 Note that a mean preserving spread on the transition
probabilities does not by itself guarantee a mean preserving
spread of the steady state distributions. For instance, if the

-—10_



The rationale for this result is the usual option argument
used in the search literature namely that the option to search
rather than accept a job rises in value with the dispersion of
the distribution of offers. Notice that this result goes some
way to providing the theoretical underpinnings for Lilien’'s
{1982) empirical model. Here we have seen that an appropriately
defined mean preserving spread on the distribution of the
relative demands for labor will raise the value of quitting
into unemployment, A, and so the level of unemployment in the
steady state. MNote, however, that the result requires that the
transition probabilities undergo a mean preserving spread and
that it implies that welfare increases. We turn now to the

econamic implications of the model.

2: WAGES AND TENURE

The model vields a new explanation for why wages graw with
tenure. The explanation is due neither to learning about the

guality of the match (Jovanovic, 1979) ncor to selection out

transition probabilities were such that F(psp’) = Fi{p ';p) for
all p and p’, then the steady state distributions would be
invariant with respect to mean preserving spreads of the
transition probabilities. See Parzen (1962), p.233.



through on-the-job search (Jovanovic, 1984), but rather to the
presence of a time-varying product price. In matching models
that ignore price variability across firms and in which the
quality of the match is revealed at hiring, a new hire’'s wage
is expected neither to grow nor fall with tenure. The average
wage of workers hired at a given date is, however, expected to
grow with tenure because on—-the—job search by these warkers
will result in those whose matches are poorest leaving the
firm. This selection process will drive up the average wage of
a tenure cohort as tenure lengthens.

In this model, even if there were no on-the—-job search,
there would be a selection process at work that would drive up
average wage for a tenure cohort. Over time a given cohart will
encounter lower product prices and so lower wages and these
will induce those workers with the lowest gquality matches to
quit and become unemployed. However, there is also a
countervailing force at work. Here, in contrast to the usual
matching model, a worker 's wage is expected ta fall with
tenure. Consider the set of all potential new hires who, if
hired by the firm under consideration, would have a match of
8;. Let the firm’s price at the time of hiring be pg. The
proportion of this zet of workers that would accept an offer
from the firm of wp=pp8; is clearly increasing in pg and so the
expected wage of a new hire with match 8;, Wo=pplj, is

greater than 8; times the expected price [the mean of F*(p)1,



M. That is the average price at hiring is pg > u. If the
distribution of prices is stationary, then the expected price
as the tenure of these new hires lengthens goes to p and so
their expected wage goes to u8; < pp8j. Thus, absent any
selection effect, the average wage of a tenure cohort will fall
because workers will typically be hired at times when business,
and so value marginal product, is unusually goad. ©

In order to contrast the forces at work here from thaose in
a typical matching model we will, for the rest of the sectian,
assume that there is no aon-the-~job search and so workers that
leave the firm become unemployed. Without explicit functional
forms there is little that can be said about how average wage
for a tenure cohaort will behave as a function of tenure when
tenure is relatively short. The rate at which an individual
worker ‘s wage is expected to decline is inversely related to
the degree of autacarrelation in the firm's price process, i.e.
the degree of persistance in business conditions. Using the
notation of the previous sectiaons, the average wage of workers

at the time of hiring if the price is pg is

o

pogﬂd@;(ﬂ;po) (&)
(pg?

—— e ——— — — s —a

4 This is consistent with the empirical findings of Adams
(1983, Table II, p.42). Using panel data he found that industry
growth rates had a significant positive impact on wages.



where ﬁ(po) is the minimum quality match that will give a

wage (ppl) that will induce the worker not to quit and

a(ﬂ;po) is the truncated distribution of § with truncation
point ﬁ(poJ. If we assume that the price process is AR(1)

with autocarrelation coefficient p and mean u, then in the
absence of selection the expected average wage for this cohort

of workers in the period after hiring {(tenure=1) is

o o0
Epllpoéﬂda(ﬂ;po) = [(1-p) wropglfedB(a;pg) (7)
(po) 3(p0)

Subtracting (&) from (7) gives the expected change in the
average wage of this cohart as they go from new hires to having
one period of tenure. Notice that this change will obviously
depend upon the wage at hiring and so ta get the ex ante
expected change for new hires we must integrate over the price

price distribution. This gives

7] o
(1=p) [(u-p) L [adB¢o;p) JdF*(p) <O (8)
p g8(p)



The sign of the expected change follows because more new hires
will join the firm at high prices than at low prices (the term
in square brackets is increasing in p) and so these high prices
receive more weight than the low prices. However, as we can see
from (&) and (7)), it is precisely prices above the mean that
lead to an expected fall in average wage. The role of the
degree of autocorrelation in prices is clear from (B). The
lower the autocorrelation coefficient, 5, the larger is the
expected fall in average wage and so the more likely it is that
this effect will ocutweigh the selection effect. Conversely, the
higher the degree of autocorrelation in prices the more likely
it is that the selection process will dominate and the tenure
cohort’'s average wage will rise with tenure. Note that in the
extreme case of perfectly autocorrelated prices, each
individual worker 's wage is independent of tenure and so
expression (8) is zero and only the selection effect is at
work. However, this selection effect does not come from
on—the-job search as in the usual matching models but rather
from quits induced by laow product (and so value marginal
praduct) prices.

In the limit as tenure increases the selection effect will
dominate the behavior of wages as a function of tenure. This
follows immediately fraom the stationarity of the price process.
As tenure goes to infinity, the average wage of workers that

. tenure cohort will go to



o
u{ﬂd@(ﬂ;p) = w
(p) - -

Thus selection ensures that the only workers that will remain
with the firm in the limit are those that are so well—-matched
that they will not leave the firm even when their value
marginal product is as low as it can be. In contrast, in the
absense of selection the wage of the same cohort would, in the

limit, go to

o
ufedBe;pg) < w
(po) -

Thus regression to the mean in the price canncot dominate the
selection process in the long-run as far as determining the
behavior of wages as a function of tenure.

The next section deals with the implications aof this

theory for empirical work on wage-tenure profiles.

3: IMPLICATIONS FOR EMPIRICAL WORK

There are two empirical approaches to estimating the
relationship between wages and tenure on panel data namely

estimating the likelihood function of future wages conditional



on tenure and estimating some form of wage regression. We will
first develop the appropriate likelihood functions and then
develop some of the implicatiaons for wage regressions. In both
cases, the major problem raised by the theory for empirical
work is that many wage changes and job changes may be caused by
changes in relative product prices. This force is aomitted in
existing empirical work. The major difficulty with including it
explicitly in empirical studies is that observations on these
prices are not included in panel data nor is it clear how they
could be obtained from other sources and matched toc the panel
data. Thus empirical studies must either be designed to avaid
any bias caused by this omitted variable and/or must use a
proxy {for the impact of changes in relative prices. When the
bias cannot he avoided caution must be used i1in i1nterpreting the
time series behavior of residuals in wage eguations and the
presence of sectoral dummies as indicators of the behavior of

match qualities.

Likelihgod Function

To bring out clearly the role of relative price movements,
assume that there is no on-the-job search. Let w, p and T
represent, respectively, current wage, product price and
tenure. We wish to knaow the likelihood functicons over the wage

next period for this worker should he stay at the firm and over



the praobability that he will leave his job. This is straight
forward if one has data on the triple (w,p,7) but all panel
datasets of which we are aware only have (at best) data on
(w,7). Thus to be empirically relevant the likelihood function
must be conditioned only on wage and tenure. We now develop
such a function under the assumption that prices are iid aover
time.

Conditional on &, next period's wage (w’) is 0p°’, where p’
is next period’'s price, and so the probabiltiy distribution of
w' conditional on 8§ is just F*¥(w‘'/8). The data on tenure gives
us information indirectly about 8 in the following way. For any
p there is a minimum level of match, ﬁlp), such that workers
with matches equal to or above ﬁ(p) will stay at the firm.

This "reservation match" is decreasing in p. Since the worker
has stayed 7 periods we know that 8§ > Pt—jo _i=1,..,'r—1.7
However, because ﬁ(p) is decreasing in p this amounts to # >
$p%_1) where p¥.; is defined as Min{py-;: 3=1,..,7-11.

So the tenure data gives us infarmation about 8 by telling us
the size of the sample of prices and so the distribution of the
minimum price that the worker has faced. However, we have more

infaormation on 8 than that in the length of tenure because we

also have the worker ‘s current wage.

7 Note that this is the minimum past price, i.e. it excludes
. the current price,.



Cansider first the information caontained in the length of

tenure. The cumulative probability distribution of p¥_{ is

Hip®*;7-1) = 1 — [1 = F¥(p*)37-1

Thus, conditional an p%_.;, the cumulative distribution of 8

is just

F*¥¢8) — F*Cip¥_4)1 )
for Bx8(pX_y)

Bigiak s 1 - F*riop¥_pa
sPy—1? =

0 octherwise

This gives the distribution aof 8 amongst those workers who
stayed with the firm faor the 7—-1 periods prior to the current
one, conditional upon pY¥_;. Integrating out over pJ_; gives
the distribution aof & for this group conditional only an the

observable tenure,

G*817T-1) = [ Bozz2rdH(z; ™

We now need to incorporate the information that the

workers stayed with the firm in the current period at a wage w.

Conditional on 8, the probability of this event is just the




probability that p = w/8 and that 8 > ﬁ(p). But

Pr. L p=w/b and p > 3(p)]

Pr.Cp=w/8 | p>8 Y (®)IPr.Cp>é-1(a)1

F*¥w/801 - F*C8 (002 if w/e z 6-1¢m

O otherwise

qiwl@)

Thus q(.) gives the probability density of staying at wage w
during the current period conditional on 8.

We can now combine the two pieces on information. Let
¥(wilT) be the density of current wages among all current

workers with tenure 7. Then
Ywim) = {qewi8)dB*(817-1) (%)
By the rule of conditional probability,
Qiwie)g®talr—1) = d (8jw) ¥lw|m) (10)

: . where g®(.) is the probability denstity function corresponding

_20_



to G*(.) and B, (8tw) is the density of 8 among workers with
tenure T conditional on the current wage. Combining (2) and

{10} gives

giwl8ig*(alT-1)

Br(Blw) = (1)
Jatwiz)dG* (z i7-1)

{11) leads directly to the two conditional likelihoods
that we are looking for. Conditional con 8, the probability that
a warker will quit next period is just the probability that

p’<3(0). Thus the likelihood of gquitting next period is

J Fra=teerade, (81w

where €(.) is the cumulative of #(.). The probability that a
worker with tenure 7 will receive an acceptable wage offer w’
next period, conditional on 6, is just the probability that the
price next period will be w'/8 which is f*¥(w ' /78) [where +%(.)
is the density of F¥(.)]1 if 8 > F(w’'/78) and zero otherwise.

Thus, the Jjoint likelihood of acceptance and w' is

J #¥ w70 100-F(w /78) Tdé (01w

where I(y) = 1 for y>0
0O otherwise



Wage Regressions

The most popular empirical approach to the wage-tenure
relationship is to use a wage regression. Suppose x% is a
vector of the observable characteristics of worker i at time t.
Then writing productivity as ptﬂ£f(x%)s£ = w%, the

following regression is implied where j indexes the smplover,
In wid = 1nf(x}) + ufd (12)
The unobservable component, U%j, can be decamposed inta,
u{j = lnpg + ineld + lna%j. (13

The term el in (13) is assumed to be iid. 1n8lJ is the
match—-specific fixed effect which i1s time invariant, although
if the worker changes employers, he abtains a new draw of 8,
The compeonent lnpé is employer-specific and not time
invariant. In our theoretical development we assumed pé to be
a first order Markov process in anticipation of strong,
positive serial correlation as could be captured, for instance,

by



1nPe+d = oinpd + nd, (o e [0,1))

with hé an iid process. So while 8 is a permanent component
of u{j, pé is less so depending on the value of oo In
particular, at the extremes when o« equals QO or 1, lnpé
becomes distinguishable from a{j and lnaij, respectively,
only by the fact that it is fixed across all workers at the
zsame firm. As panel data does not usually include several
workers from the same firm, empirically, in these extreme
cases, these different effects cannot be distinguishead.

In the more reasonable case in which O<w<l, one would
expect the unobservable component of wage to exhibit
autocorrelation exactly as has been found in the data by, for
instance, MaCurdy (1982). An alternative way 1n which pg may
show up in the data is in industry dummies. How good a proxy
such dummies are likely to be depends on two factors: the
extent to which the product in the 5IC code is homogenous and
the degree of autocorrelation in the price process. In the
extreme case i1n which hoth the product is homogenous, so that
all firms in the industry have the same price, and o=1, the
industry dummy will pick up all of the uncbhserved heterogeneity
caused by variation in the pé across sectors. Unfortunately,
however, neither limiting case is likely to hold in practice.
First, each sector is subject to demand shocks and technology

shocks which lead to variations of pg over time. Second, it



e

is well known [See Stiglef and Kindahl, 19703 that the degree
of product heterogeneity which exists even in the narrowest SIC
code is usually vast. Sectoral dummies are not, therefore,

likely to control fully for the unobhserved variation in the

pd.

4: DOWNWARD STICKINESS AND AUTOCORRELATION IN THE AVERAGE WAGE

One advantage of incorporating the demand =ide into a
model of turnover is that one can derive implications for the
responsiveness of wages to demand shocks. In the usual matching
models demand shocks effect wages only if they have a
technological impact on the quality of matches. Thus simple
shifts in relative prices which shift the value marginal
product of all workers at a firm are not considered.
Introducing stochastic relative product prices, as has been
done in this paper, provides interesting dynamics for the
average wage paid by a firm. In particular, because of the
selection process induced by price changes, the average wage
paid by a firm will respond asymmetrically to price changes and
will exhibit downward stickiness even though each individual
wnrker's‘wage is always equal to his or her value marginal
product. Moreover, even when the relative price process is iid,

the average wage will not be iid. The average wage will show a

...24_



very camplex autocorrelated structure because the average
product of a given tenure cohort depends on the minimum price
that has been realized during that tenure. Thus the average
product, and so the average wage, of the current workfaorce
depends 1n a camglex way on current and all previous product
prices. It is this same dependence of average product on price
that causes the downward wage stickiness.

To see clearly how selection caused by price changes can
cause daownward stickiness 1n the average wage we will assume
that there is no on—the-job search. Let the price in the
current period be pgp and consider the average wage paid to

workers with tenure 7>0,

w0
po‘gﬂda(ﬁ;p#) = HWg (13)
(p%)

Note that p:, the minimum price that has been realized over
the length of these workers’ tenure, is less than or equal to
po- Clearly, if the price in the following period, py, is the
same as pb then there will be no change in the average wage
paid to this tenure cohort. If the price rises by some amount
k>0, then p¥ will not change, no workers in this tenure
cohort will leave the firm and so the average wage paid will

rise in proportion to the increase in price. Alternatively, the

change in the average wage will be

- 25 =



X
mi-Ag = k[edB(e;ph (14)
8 (p¥)
Now cansider what would happen to the average wage if, instead,
the price had fallen by k>0. In this case W{ 1s given by
oD

cpo—k>£ed@(a;p$) (15)
(pH)

Notice that this only implies that the fall in the average wage
is the same size as (2) if pg-k > p%. In this case no

workers of tenure 7 will leave the firm as a result of the
decline in wages. However, if pp-k is the lcowest price that has
occured since these workers joined the firm, i1.2. p:+1 is

Po—k, then some workers will quit or be laid off. As these
workers will have the lowest guality matches {lowest marginal
products) the average wage will drop less than in proportion to
the fall in price. Thus the average wage paid to this tenure
cohort will exhibit some downward wage stickiness ance the
price drops below p:.B

Because this effect is at work on all tenure cochorts

—————— e i e e

B Stockman (1983) finds that compositional changes in the
laborforce over the business cycle dampen the observed
sensitivity of the average manufacturing wage to business cycle
conditions. Notice that the compositional effect in this paper
~yields an asymmetric response of average wage to demand shacks.




i

within the firm it follows that the average wage paid by the
firm to all its workers will exhibit this type of downward
stickiness. Moreover, because p# is (weakly) decreasing as a
function of T, the average wage of those cohorts with least
tenure will show the greatest degree of downward wage
stickiness in the sense that the shorter tenure is, the less
price will have to drop before some of the warkers of that
tenure leave the firm. Notice that none of this wage
sluggishness is due to non—-maximizing behavior naor does it
indicate any kind of inefficiency.

The selection process that generates the downward
stickiness determines an impulse response function from product
prices to the average wage. The average product, AP(pﬁ), of a
given tenure cohort depends on the minimum price that cochort

has suffered during their tenure with the firm,

w0
AP (p¥*) = {ndéca;pﬁ) (18)
(ph
Defining u(T,pﬁ) as the measure of tenure cohort 7 in the

firm’s labor force,q then the average wage paid by the firm at

date t, wy, 15 just

? The direct dependence of the measure on T comes from the
axponential death rate of workers.



Wy = pt.; aP(pH) ouCr,ph (17)
T=0

While this impulse response function shows clearly that an
iid price process will not generate an iid average wage
process, it is perhaps less clear that the {function can give
some very unusual dynamics.10 To illustrate this consider the
following case. Up until time t the price facing the firm had
been constant at p,. Thus for all tenure cohorts in the firm
prior to t, p:=p0. At t the price fell to py and at t+1 it
returned to pg where it stays forever. The response path of the
average wage to this price path is shown in Figure Za. Notice
that it is decidedly nonmonotonic. The ratiocnale for this
response path is as follows. At t when the price dropped the
average wage fell less than proportionately because some
workers, those with low productivities, left the firm. This is
shown in Figure 3b by the average wage falling along the curve
to wy rather than along the ray from the origin through
(Poswg—~1)- In t+1 the average wage of those workers with
positive tenure rises in proportion to the price.
Diagrammatically, it rises along the ray through (py,wt) to w'.
However, the firm will also hire some new workers. These new

hires will have a lower average product than the workers with

10 Altonji and Shakotko(1985) and Raisian(1983) provide
empirical evidence on the dynamic responses of wages.
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positive tenurell because for the new hires p*=po while for all
the other workers p*=py. Thus the addition of the new hires
will push the firm's average wage below w’ but will leave it
above w¢_y. As time progresses, the old, higher qguality workers
will die out and be replaced by new workers. As the measure of
workers who have suffered py goes to zero, the average wage
converges from above to wg_.y aonce more.

This simple example of the complexity of the i1mpulse
respaonse function of average wage to a relative price shock
should act as a warning that simply observing that the process
governing wages is more sluggish (e.g. a higher AR process)
than that governing prices does not necessarily mean that
individual wages respond sluggishly to demand shocks, far

example, because of implicit contracts.

S: CONCLUSION

This paper has shown that it is impartant to merge both
existing approaches to turnover. This is not only desireable at
a theoretical level but is also important at the empirical

level. In particular, empirical studies carried out on panel

11 The new hires’ average product will be exactly the same as
the average product of the initial workforce prior to the price
drop.



data which adopt a purely matching approach to turnover are
liable to be misspecified and so lead to erroneous inferences
simply because the role of movements in product prices in
determining wages, and so turnover, will have been omitted.
Furthermore, the results of empirical studies of wage behavior,
especially wage behavior in response to demand shocks, that use
average wage paild by a firm or sector can only be interpreted
correctly in a model with matching.

In addition, we have uncavered a new explanation for upward
sloping wage—tenure profiles {(Section 2} ard for the persistant
effect of price shocks on wages (Section 4). Finally, we have
shawn (Section 3) that the model can, at least under certain

additional assumptions, be implemented empirically.
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Appendiy

Froof of Proposition 1

Let f(pt,E) = Max (A,v). Thus

A=+ ypf[ee dF¥prd G
(A. 1)

The Max (A, vi(py y,8), vip', 8701 = Max [f(p,, 8, $(0',8°)1 and so (1) can

be written as
VIp . 8) = D6+ rajjjnaxiitp£+1,a),+cp*,e*)}dF(pt+1,pt)dF*(p’)dﬁ(ef) (A.2)
(4.1) and (A.2) imply
f(p,,8) = Max [(A.1),(A.2)1 = T4 (A, 3)

But TG preservecs convexity in 6, i.e., if +0 is convex in 8, then TG{O also

{n)

is. By inductiaon, TE +0 is also convex for all n and so

£ = 1im 1My
n=ao

g

is convey in 6.
hNext note the following fact:
I4:  f{a) +1(x) and fz(x} are convex functions and fl(x) 2 fz(x)
{h} Gi(xJ ang Eztx) are distributions-s.t. Eitx) is a mean preserving
spread (MPS) of Gztx),
then [+, d6,(6) > [f dG,(6)
Now let %1 and +2 be the solutieons to (A.3) under B1 and EE' We wish to prove

that +1

M.

fa. But (n
- 0= lim 1"

i = e F s
i ; f. (i 1,2} for any fo
n=+o

0



{(Recall that TE ic a contraction mapping on a complete metric space).

Moreover , TG‘ preservecs convexity in € and 15 monctone. This, plus the
i

= {n) . !
above fact, provecs that for all n, TGl fo 2 Tg, fO‘

implies that

f.0py8) 2 F,(p,8) v

1

This

(A.4)

Letting vy and Ai be the corresponding solutions to (A.1) and (A.2) leads to

Froposition 1,

Froof of Froposition 2

Same es for Proposition 2 with the roles of £ and p reversed.





