FERSTETENT EMPFLOYMENT FLUCTUAT LGNS
AND CAUTIOUS WABE ADIUSTHMENT

Fotert . Hall

Hoowver nstitution and Department of Economics
Stantord University

NMational Burseau of Sconomic Researoh

June L9984

1

fn sarlier version of this paper. “The Wage Adiustment Froocess,
was presented to the Resesrch Meeting of  the Economic
Fluctuations program, BMNMBER. Falo Alto. December 2, 19834, I am

amrateful to Valerie Ramey for expert assiatance.



The economy fluctuates continually 1n a way that calls for
wace adiuvstments o preserve eoqulliprium. A ocurabnle tradition in
macrasconomi o thainking holds that stickiness or siugolshness of
wage adjustment makes emplovment and unemployment +tluctuate more
that they would 1+ eguilibrium prevalled. Thne past decade has
seen effective attacks on the theoretical foundations of this
line of thought, though the majority of practical macroeconomists
probably still believe in one of its variants. My purpose 1n
this paper is to trv to make some progress 1n improving the
theoretical backaround for the hvpothesis that excessive
emplovaent fluctuations are the result of slow wage adiustment.

My +irst major point is that the great majority of workers
are established 1n theivr iobs. Thelr annual hours of work and
annual weeks ot unemplovment can vary, but they are unlikely to
change Jobs. Theretore, thelr wages and levels of work effort
are qoverned throuah billateral relations with their emplovers,
nat through an open market. Wage adiustments ocour within a
predetermined framework., [ will arque. The framework cannot
change aquicklyv. For reasons of information asvmmetry., the most
gatisfactory framework is one where a waage ftormula dictates the
wage and the emplover chooses hours of work unilaterally. The
framework can specify that wages adjijust according to & formula in

responss Lo movements in observed variables. O+ particular



interest 18 the linkage to an observed indicator of RHCEBSG
supply.

The second major point 1s the need for caution in the design
of a wage adiustment formula. The designers of a tormuala oust
quard most of all against the possibility that thelr formula may
call for such large wage adiustments as to completely destabilize
employment. I Focus in particular on the elasticity of the
excess suwoply of labor with respect to the wage. I+ that
@lasticity is more than twice the level contemplated in the
wage adiustment tormuala, each adjustment will set off a change in
eroess supply 50 large as to call for an even larger adiustment
an the opposite direction in the succeeding period. in my {formal
model of this propblem, it becomes an imperative that wage
adjiustment be made sufticiently cautious that there is no
possibility whatever of this unstable case. Any chance at &l of
explosive instabillity makes the eupected deadweight loss in the
employment relationship infinite.

Another reason for caution in the wage adiustment formala is
meEasurement @rror. When the formula must set wages in response
to impertect measures of excess supply and other conditions, the
optimal adiustment speed is 1lower.

When emplovyment is determined by the unilateral profit
maximization of emplovers with respect to & wage that responds
cautiousliy, i1mportant persistent departuwes trom equilibrium can

oeour ., The desdwelaht loss from these departures has been the
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focus of criticism of the general line of thought attributing

tluctuations to sluggish wage adiustment. The critics have said,
surely private agents can get toaether to make the Fareto—

superior changes that are so evidently available 1n the
diseguillibrium described by the theory. fecause the agents don 't
make the obviouws moves-—s5ay to increase emp%myment cduring A
recesslon-—the theorv must be wrong in ﬁqué%tinq disequilibrium,
Instead, some real forces have conspired to bring a temporary
decline in the eqguilibrium level of employment.

I arque, to the contrarvy, that persistent deadweight loss
from dissguilibrium is the constrained optimum for the employment
relationship in a turbulent economv. Losses from other wave of
managing the employment relationship would be even larger. In
particular, the finding that most workers are in jobs that will
last for decades sugests the importance of job-specific human
capital. Inducing workers and emplovers to form this capital,
and pregerving 1t once it is formed, are matters of central
importance. The deadwelght loss of an economv with a spot labor
martet, with a fluid response to agoreaate fluctuations but with
distinctly suboptimal specitic capital, might well be far greater
that the admittedly high deadweight loss from fluctuations.

Wages are set and paid in daollars, and wage adiustment is
vigwed in nominal terms in this paper. The issue of the response
of wages to published price indexes is investigated in detail in

this paper in parallel with the issue of bthe response o measures



of ewcess supply. There is no presumption of nominal stickiness,
but there i1 an investigation of the actual role of prices and a
comparison with the optimal role. Hécauﬁ@ prices increased the
most duwring the two oll price shocks, when unemplovment rose
sharply, the optimal degree of indexing over the postwar period,
viewad in retrospect, ie negative. Actual indexing was positive,

wWwith an elasticity of about O.4.



L The consistency praoblem in the enplovment relation

and wage tormulas to solve 1t

Mot wmrk@ts have long-term relationships with theilr
emplovers (Hall. 1980 and 1981). Because of job-specitic human
capital . their productivity in theilr current Jobs exceeds their
prodguctivity an thelr next best jobs. Their hourse and wages
cannot be determined by standard competitive principles.
Instead, eilther an unstructured bargaining proocess governs
compensation and ettort, or some kind of rmpllcit contract or
wage policyv sets the terms of emplovment.

At the time a worker 1s recrulted, an emnplover needs to
make a long-term promise about compensation and work etfort. The
worker has to be convinced that this job otfers at least as good
a deal in the long run as any other job. But once a worker has
worked for a few vears, the smplover has an incentive to cut his
wages to the level of the best alternative now open to him, which
may involve a signifticantly lower wage than was originally
promised., Folicy inconsistency is a serious problem in the
emplovment relation. A successtul emplovmeant arrangement
invaolves some kind of solution to the inconsistency problem, a
solution that prevents opportunistic wage cuts.

The tvpe of employment arrangement considered in this paper
relies on a wage adiustment foroula to determine emplovment and

Ly
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compansatlion. Frecommitment to a formula avolds the

inconsistency problem, e success Oof the formula in achieving
emplovment efficiency rests on its use of adeguate information
about the current state of the economy. The tormulas studied in
this paper make use of intormation about the excess demand for
lTabor in the firm and information about the general level of
DrlCes.

Because the wage adjiustment formula 1% a permanent
commitment on the part ot the emplover at the beginning of a job
that may well last for decades, the formula cannot change rapidly
in response Lo chanoges in the economic environment. Instead., the
tormula governing the wage of a particular worker is the optimal
solution to the problem as it is seen at the time the worker is
hired. Chanaes in the environment that are not captured by the
varliables 1n the wage +ormula may influence the foarmulas for
workers hired subseguently., but not the formulas for existing
WOr kers.

Une of the goals ot this paper is to characterize the
economic enviranment {for which the observed wage ajustment
process 1s an optimal solution. It reaches two fairly sharp
conclusions:

1. The wage adjustment process in the postwar U. 8.
contenplates a random upward dritt in the price level-—-—the

formula behaves optimally in the presence of & random walk in the

underiyving nominal driving variable of the economy. However , the
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tormala does not contemplate the possibility of random derift in
the rate of intlation. Rather, it incorporates the assumption
that bursts of inflation will be temporarvy.

20 The wage adjiustment process 1s built on the beliet+ that
there is random drift of the sefficient wage level relative to the
merasured cost of living. The level of the cost of living has no
effect 1n the long run on the level of the wage. However, recent
changes in the cost of living are helpful in inferring the
etficient current value of the wage. RBecause of the random drift
wn the cost of living relative to the waage., the wage adjiustment
formula makes extensive use of intormation about the excess
demand for labor.

The theory of the labor market underlving this paper draws
heavily on the conclusion of recent work that certain realistic
circumstances make it desirable for the employment arrangement to
ne gaverned in the following general wave The wage formula sets
a wage that is the best possible inference of the current
apoartunity cost of workers’ time. Emplovers set emplovment so
as to madimize cuwrent protit, taking the formula wage as the
cost of labor. Such an arrangement is robust with respect to
unexpected shifts in product demand, no matter what their
magnitude. lte overall efticiency depends criticelly on the
success of the formula in setting the wage to the opportunity

cost of time.
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Lo The consistency preoblem in wage setibing

The problem of tormulating a consistent monetary palicy has

heen emphasized by  bBvdland and PFrescott (1978) and Harro ancd

Gordon L9835 . Related problems abound in all arsas of  policy
making. Everv judge sentencing an offender is tempted to give a

Light sentence on the around that nothing at this stage can deter
the corime already committed, even thouagbh the same Judge would
threaten the same criminal with a lengthy sentence before the
crime took place. To take another example, the government has no
desire to induce people to live in  flood-prone areas, vet

routinely bails out the victims of floods.

Emplovers face the same problem in setting wages. In &
EENEE , it i drrational to pay the wage promised ten vyvears
earlier o a worker. The promise was necessary at the time ot

hirinag, but 1w no longer neaeded to keep the worker on the  Job.

Because the eeoplover has this incentive to dishonor wage
PEOmL SEE ., WoOrkers may  not believe in the promlses. Lack of

credibility will inhibit long-term relationsg that would be the
gfficient solution to the emplovyment problem with extensive
specific capital. Emplovers need waves to precommit  to  wage
policies, s0 that workers can be confident that they will not be
cheated in the future.

The best form  of precommitment is to develop a wage and

emplovment  formula, which gives compensation and houwws as



functions  of as many observable indicators of the state of tne
aconomy as possible. Were every important aspect of the economvy
measurable, emplovers could establish wage-emplovment  formulas
once  and for all. These tormulas would guarantee the efficient
level at  employvment wunder all contingencies and could also
provide the level of compensation expected by workers at the time
of agreeing to the long-term relationship.

Of  course, merely developling and announcing & wage formula
dosgs not solve the problem of consistencv. Faormulas can be
changed. A fancitul solution i to build a maching incorporating
the Fformuia, with a meter showing the correct level tor  the
current wadage, put the machine in & sealed glass case, and swear
that wages will alwavs be set by the meter. tr. the +irm could
irrecovably  grant the wage-setting power to & trusted third
party, who would be reguired to follow the wage formula exactly.

A more realistic solution is based on reputation, as
sugaested by Carmichael (198%). A firm develops a reputation for

obeyving a suitable wage adjiustment rule. Then 1t faces an

+
it

incentive to stick to the rule, becausse 1t would lose 3
attractiveness to future recruits if it viclated the rule.

The technigues and results in this paper do not rest on any
particular solution to the consistency problem. Rather, they are
compatible with any solution based on a wage-—adiustment Formul a
that depends on the two obvious signals for the wage-—-edcess

demand and the cost of living. They also reguire some degree of



gtability 1mn the formula over time. Eather formal orecommdtment

ar a reputational eauiltibrium provides the needed stabilitv.
robert L.ucas famous critioue ot econometric policy

evaluation (L1976 singled out work on wage adiustment as an  area

where the relations uncer study could not be considered as

permanent structural featwes of the sconomv. instead, the wage
ad justment rormula  should change every time the ECOMNOMIL G
anviranment changes. But solutions to the consistency problem

invariably i1involve long-lasting predetermination of the wage
adiustmant formula. Lucas’ critigue is blunted as & result.
lL.ucas tundamental point-—that the wage adiustment process ought
to be the solution to a stochastic optimization problem——is

precisely what motivates the work in this paper.

-y

“de.  The basic form of the emplovment arrangement

# number of authors, including Hall and Lilien (1979  and

Wei tzman, nave made the following point about bilateral
contracts: I+ the value of the good to the buver is variable,

and no variable observed by both parties indexes that value, then
an etticient contract will set a price egual to the marginal cost
of the selier and let the buver choose the guantity. If mardinal
cost is known to both parties., this contract gives the wactly

eftficient aquantity.
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In the probliem considered in this paper, I wiil assume that
the firm faces a marginal revenus curve,
(2.1) LT e
Here L is the level of emplovment, o is the elasticity of the
demand for labor, and g is the log of & nominal shift in demand.
Now suppose that a rule provides that the log of the wage 1s
ta be w, even though the log of the true opportunity cost  of

labor 1s n. The rule bas made an error in setting the wage of n-

Wa The +irm sets L unilaterally by eguating marginal revenuse to

the waage:
(e log L= xig — w)

The etficient level of emplovment ococuwrs at the point of equality

of maraginal revenue product and the opportunity cost ot labor:

(.3 log L = «lq — nJ

I define ¢ as the emplovment error or excess demand +or labor:

(2. 4)

§

¢ = Jog L o~ log L¥ = qin — w)

e

Excess demand does not depend on the demand shitth, . The +torm
ot the emplovment arrangement provides tor an efficient response

to demand shifts. Uniy the wage error, nw, causes emnpiovment

i1



itnefticiencias.
The deadweight loss from an emplovment error is proportional
to the squared departure of log L from log L*, which in ftwn is

proportional to the squared difference between n and we

(e S5 Deadweiaght loss = (n—-wr#

The objective of wage-setting will be to minimize expected

deadweiaht loss.

e Deasigning the waage tormula

I will consider the situation of an emplaover who is
d@signing a wage adiustment +tormula to ofter to a new emploves.
The emplover and the emplovee aqgree on the stochastic
environment. The wage adjiustment foroula minimizes vpechted
tleadweiaht loss for the next few decades given beliefs prevailing
now about  the future environment.

The wane adiustment process operates freguently in this
model s the time period for the empirical work 1s the calendar
s Ter . Nothing important happens dwing the period when the
wage 15 held +fixed. At the beginning of each guarter, there are
veriftiable but noisy measures of the state of excess demand in

the previous quarter ., M- and the cost ot Living, o PR The



wage acdjustment rormula derives a level for the waoge this quarter

based on the values of #, D. and w in eariier quarters:

(3. 1) Wy, = é)‘it-m P TR W Wy ey, 8 ] B

This formula is similar to ones studied in papers on the Fhillips
curve. with two important differences. First, the way that waoes
and prices enter the farmula is not restricted to +irst
differences., Hs [ o will show shortly, the formula is in first
difference torm only in certain types of stochastic environments.
It is interesting to test the first-difference form against the
more general level form. Second, the excess demand variable., He-
v+ has no lag expression mualtiplving it. If there were one, wWe
could divide the whole formula by the lag expression to  get  an
formula  in this form. Recent research that has “plored for
rate-of-change and lagged eftfects ot unemplovment in the Phillips
curve fhas failed to note the superftluous generality of & wage
equation with full lags on wages, prices, and unemplovment. fAny
guestion about the effects of lagged unemployment can be
rephrased as a gquestion about the lags on wages and prices.

In the general wane adjiustment formula, the lag polynomials
wil) and i) must have only non-negative powers of Lj otherwi se
they would call for unknown values of w and p.

The optimal wage policy minimizes (n—-w)® with respect to the
distribution of n conditional on the available information., HXees s

[ — 1 £ o2 .o W — 1 » T tarlier values of

-

are
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supertlous: anv information they contain is also available in the

history of w. In other words, the wage adiustment ftormula sets
We T the least-soguares prediction of ne based on lagged %, p,
and  w. I should note parenthetically that uncertainty 1is not

ignored in this models rvather, a guadratic loss ftunction is the
natural assumption and minimization of quadratic loss leads to
certainty equivalence.

The problem, then., 1s to choose ¢. wil.), and gy so that

CRLED BEinesr = -t T Ml tWgey + BlLIDeg—2

There is one special characteristic of this problem that neesds to
e kept in mind in the minimization: The information in  the
ercess demand indicator. He.r. depends on the wage policys; it is
not an exogenows random variable.

Fundamental aszssumption:

The noise in the excess demand measuwre, 2, 18 stationarys

following a deflection, the noise tends to return to zero.

This assumption is fundamental in the following way: I+ both x
and p  contain non-stationary errors, there 18 no reliable
information at all about the appropriate level of the wage, andl
it im hopeless to look for a wage adiustment formula based on X
and . fhe data suagest rather stronagly that p contains a random

walk Serror ., a0 Lt 18 essential that » not drift away +from the
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true measure Of edcess demand.

Now let:

e
~

KE ¢t rMolse 1n excess demand indicator,

Yl noil se 1n nominal indicator, p

Then,
(ELE) He & Bile =~ We + B¢l

Define the observable variable = as

- 1

(5.4 Ty &mt + W
Ch. 50 = Ny t ¢
ﬁlEQ!

(E.8) PDe = Ny + Ve

With this specification, together with information about the
processes tor n, €. and v, it 1s possible to derive the optimal
tormula for anferving the current value of n given past values of

e [P, oAancd w.

(A7 MNe = ﬂ(i..)zt-;l + \P(i._.'}!:mmm

The lag polvnomials wmdl) and ¢ invoive only non-negataive
powers of L, corresponding to lagoed values of = and p.

Because the rule is to set the wage eqgual to the 2 et e

value of M n an implicit characterization of the optimal WRC) &
policy 1w

CEE) We = MiLITees + ¥(LIpgos
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However , ze on the riaght hand side involves lagged values of the

wage, since the wange atiects edcess demand. W-ite this out
M. . P /

explicitly:

N A | o

CE09 W = n\L)&&xﬂw1 oWy ) UL Dy

oW solve 0 Wes

(L0 we = T L) =y alwW
54 LS N TAL T . .
* o et L (i) A

Tmig is the optimal wage adiustment equation.

1. Nominal shift. ne 18 & random walky; pe 18 completely
uninformative.

In this case, the problem boils down to a standard signal
axtraction problem (see, @.0., Nerlove (1967))1. 2« is8 the sum of
a random walk and white noise. The coetticients for inferring M.

from lLagged data are

QI mik) =
wal.y = O
The optimal wage adiustment equation - after SOMme
simplification.
(R, 120 Oy =




This 1 an  oald-tashioned Fhillips Cur Ve, without any
eppectational  shift. The strenath of the response to excess
demand depends inversely on the elasticity of demand. o. it also
depends on the guality of the intormation in . I+ there i1is only
& little noise 1in x, 0y 1% close to zero and the weight on HMe-s
is larage. The more noise there is in ., the higher is w, and the

tlatter is the FhRillips curve.

e The rate of change of the nominal shift 18 a random walk: p

ig completely unintormative

In this case,

(2=wy L~ (l—wa)l. =
L=ws ol =

CRL LS ml) =

¥ (L)

)

The wage adiustment eguation 1s

(E. 149 PAY P Mg [ N LW .y F }\AWQ-_-—_';? + )\"“"'Awh.u.,g L S |

This is a modern Fhillips cwve with an expectational shift. The
coetficient applied to excess demand has the same character as in

the first example-—the more neoise there 1% in the variable, the

smaller i1is the coetficient. The second term applies a set of
welghts summing to ong to the lagaged rate of wage qgrowth. Unece



