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Abstract

This paper analyzebedemand for older workers, their substitutability with younger
workers, and how wethe demand for older worketsacks changes in the age composition of
the labor force.The main data source for the analysis isQarterly Workforce Indicators
from 20 to 2018 which provids earnings and employment by sector and metropolitan
statistical areaThe analysis alsoses KLEMS national data to estimatiee sectorspecific price
and quantity of capitadnd theAnnual Social and Economic Supplemainthe Current
Population Surveyo estimate educational attainment and annual hours worked by age group and
sector. The paper posdgranslog production functiamsingcapital and three types of labor as
inputsi youngworkers(ages 16 to 34), matuveorkers(ages 35 to 54), and olderorkers(55
and older) to estimateartial crosselasticities of factor demand and factor pésemeasures of

the substitutability between labor categories

The paper found that:

1 There is some evidence that the substitutaldiiyveen older and younger workers
increased over the past two decades, but the finding is not robust. One specification
shows an increasing trend in the substitutability, but two alternative specifications do not.

1 There is a substantial amount of sedemel heterogeneity dhetrends in the

substitutability between older and younger workers.

The policy implications of the findings are:
1 Understanding the demand side of the labor market is a key to understanding and
projecting trends in employment.
1 Although our findings do not offer robust results that can be directly applied in policy
making, they point to the need for future research into employer demand for older

workers.



Introduction

The US. labor force has been aging rapidly, a trend that is likely to continue as the
population grows older and the labor force participation of older adults incredsssrding to
U.S.Bureau of Labor Statistics data, the share of workers ages 55 and dluetis. labor
forcehasdoubled ovethepast three decades and now exceeds 23 perklentever, previous
research has shown that many emplogéiserappear reluctant to hire older workers or might
encourage theolder employeeo retirein theface of increased competitive pressures (Bello
and Galasso 2020ohnson and Gosselin 2018; Neumark, Burn, and B@@a8;andPerron,
2018. These findings suggest that employers do not perceive older wasqmgect
substituts for their younger countparts If this perception persists asdppresses thdemand
for older workers despite their growing supply, unemploynfamthis population might increase
andtheirwagesmight fall. Moreover,supplysidepolicies designed tmcrease employmeiai
older agedy encouraging worknight prove to be misplacedf employers remain reluctant to
employ older workers, policies thiablsterlabor demand instead of supply might more
effectively increase employment at oldgres(Kondo and Shigeoka, 2017).

The presenstudy aims to extend the existing literatorethedemand for older workers
by providing i nsi ghworkersulistautabkility@hddhowevelldisge views e ws o f
track changes in the age composition of the labor fotae approach relgeon estimating a
production function that, in addition to capital, uses three types of labor yquurtg (ages 16 to
34), mature (ages 35 to 54) old (55 and older) Our measures of substitutability between
labor categories are crestasticities ofactor demand and factor priaglculatel based on our
estimates of the production functioWe positthe translog production functioanapproach
previouslyused ina number oktudiesof labor demand with heterogeneous laborjuding
some studies #t focus on hoviabor demandariesby agegroup Our principal data source is
theQuarterly Workforce Indicator@QWI) from 2000 to 2018, which we use to compile a panel
dataset consisting of information on factor prices, compensation shares, and factor quantities by
sector and metropolitan statistical area.

Our estimateslemonstrat¢éhatsubstitutability between older and younger worlarsid
plausibly have increased over timaytwe fail to find convincing evidenceThe main challenge
in estimating labor demand based on a production function is identificd8ecausenly the

equilibrium employment is observed, any identification of labor demand must be based



onsimplifying assumptioa We estimated three specifications, which rely on mutually
exclusive assumption®©ne set of estimataesdicates that older workers have becasuomewhat
more substitutable with both mature and younger workers over our analysis patitte other
two estimates do nahowsuch arend.

Background

Formany yearsresearchers have recognized and stualmimplexdynamic between
employers and workers as workers.agéorkersdvalue to employex most commonly measured
as productivitygenerallyincreases witlage aghey improvetheir skills by accumulating
experience and learning on the jdbater in life, aging might reverse some gains for older
workers who experiengehysical and cognitive declind hetiming of this inflection point
varies by person amatcupation A worker in poor physical health with excellent cognitive
skills is likely to exhibit low productivity in gohysically demandingccupatiorand high
productivity in an occupation that requirasly strongcognitive skills.

Another part of this equation ise compensation workers receiva general,
compensation increases or stagnates teitlare butvery rarelydoesit decreasdor a worker
who remains on the same jgbustmann and Meghir, 2005 he cost of employingnolder
worker is higher at only becausearningggenerallyincrease with tenurdut also because the
cost of somdringe benefitdncreass with age For exampleMermin, Johnson, and Toder
(2008) argue thahe cost of providing health benefits increases with age becausevolders
usemorehealth services than younger workefhey alsanotethat the cost oflefinedbenefit
pensionplansgenerallyincreases wittageas well

Becaus e aostprafile gererallysncreases monotonicadigdherproductivity
profile is parabolicworkers are generally underpaid relative to their producteatyy in their
careers and are generally overpadtsey get olderTwo hypotheses have emerged to explain
this discrepancy: the tdd wage profile could be a device for retagnworkers (Salop and
Salop, 1976) or, alternatively, for deterring wosk&tomshirking (Lazear, 1979)Either way,
workers reach a point at whicthar cumulative cost to the employer exce#dusr cumulative
valug reduang theincentivefor employersto retainthem Some researchgeviewedmandatory

retirement whichwasoutlawedin the Unhited Statesby the 1967Age Discrimination in

Ippolito (1991) found that a tilted wage profile did not have a significant effect on tenure.



Employment Act, as a mechanighat limits the length oémploymentand thugprevents overall
labor costs fronexceeding worker productivityConsistent with this explanatio@Jark and
Ogawa (1992) found that incressn themandatory retirement age in Japaducedearnings
growth In the absence @mandatory retirement agemployeramayfind other ways tonduce
older workers tseparat, although empirical evidence for this is smar

This theoreticaframework provide a way to think about labor demand for older
workers butit is notalwayssuitable forquanttative analysis One way tcassesshedemand for
older workers is to look at hiring and firimgtesfor this population Johnson and Gosselin
(2018) estimated the incidence of empleyaated involuntary separations and earnings on
subsequent jabfor workers who are in their 50s and e&0g They found that more than one
half of older fulttime workers experienced at least one involuntary job separation and only one
tenth of those who lost their joleserearnedas nuch after their separatioasthey didbefore
Johnson and MommaertsO21) compared older and younger workargl found that, when
controlling for job tenure, older workers are as likely to become displaced as their younger
counterparts, bueemployment was much more challenging for older workéfeen older
workersfound a new jobtheywere more likely to earn less than at the previous jdtese
findings are consistent with theage tilt theory Although wags rarelyfall astenureincreases
older workersvho are newly hiredeceive lower wages.

Anothercommonapproachor quantifyinglabor demangwhich we use in this papes,
to estimaé a production functiomnd ug itto calculate measures labordemand The
canonical form otheproduction functiorhas only two inpu capital and labd@ but
researchersftenposit production functions with more than two inpwtsen labor is assumed to
be heterogenoug~or example, Johnson and Blakemore (1979) estimated a production function
with 14 labor inputs classified by age; Merrilees (1982) used two age andxwoos@s to
create four labor inputas did Costrell, Duguay, and Treyz (1986 Lewis (1985)
Estimating a production function with heterogeneous labor allows researchers not only to
guantify the demand for each labor group, but alsmtdyzesubstiutability among labor
groups This is particularly relevant to our study, which seeks to understand if and how this
substitutability changed as the composition of the workforce changed.

The two main measures of substitutability are the cross elastfdégtor demand and,

its dual form, the cross elasticity of factor pricdhe crosselasticity of factor demand between



inputsi andj is defined as the percentage change in the deXdaodi caused by a orgercent

increase in the prioe of j:

T
T1D

The elasticity- can be positive or negativé\ positive value means thatjibecomes
more costlythe demand forwould fall and itwould bepartially substituted by, indicaing that
the inputs ar@-substitutesa negativesalueindicatesthat they arg-complementsWhen'Q "Q
the expression represents own demand elasticity.

Analogously the crosselasticity of factor price is defined as the percentage change in the
pricew of i that would becaused by a orpercent increase in tiseipply X of j:

AN
T B

In this case, @ositive valuemeans that an increasethe supply ofj causeghe price ofi
to increaseindicating complementarifyand the inputs are said to gEeomplementsA negative
value indicateshat the inputs arg-substitutes

Both elasticities are defined under the assumptiorthieafuantities and prices of other
inputs areheldconstantin addition, demandlasticities assume thatitputis held constanand
price elasticities assusrthatmarginal costs held constantThese assumptions make direct
estimation of the elasticities extremelificult, but theycan be estimateddirectly from a
production finction.

Theassumedorm of a production function isrucial The @mmonly useadonstant
elasticity of substitutioproduction functiorand its special cas€obb-Douglas are not suitable
for this kind of investigation because they impose the samediedgical parametersn all pairs
of inputs resulting inthe samealegreeof substitutability between inputd he elasticies of
factor demand and factor prigary only whenfactor sharesliffer. The two functional forms
that aretypically usedvhenstudying heterogenous labor demargkeneralized Leontiednd
translogfunction® allow muchricher interactions between factorrThegeneralized Leontief
functiondefinesaf i r mé s o0 ut pwetghtadsum ofteegensetric Mmeans gfairs of
factorquantities It was used byBorjas(1983 1986 to study the substitutability between
workers of different racial and ethnic backgrouadslbetween nativdornand immigrant

workers.



In this paper, we usé@e translog faction, whichhas been used muahore frequentlyn
theliteratureonthedemand for heterogeneous lal@ee, for examplesrant, 1979; Grant and
Hamermesh, 198 Hamermesh, 13B; Ferguson, 1986 It definesaf i r m6s out put i n
thelogarithms offactor quantitieswhichenter the expression as a sum of individual factors and
as a sum of productd each pair of factorsLike generalized Leontief, the translog function has
its dual formthat defines theost of production in terms of factpricelogarithms Both forms
can be transformed into a system of equationsdibfate factor shares #imearfunctions oflog-
guantities in the case aheproduction functionand logprices in the case ahecaost function
This system of linear equations is most commonly estimated in empirical studies.

The present study is similar to a papeiyine and Mitchell (1988hatusel afactor
sharesystem ofequations in logjuantities to project changes in relative wages over time caused
by a projected change theage composition of the labor forc&heyrelied onthe 1985
demographic projectiorfsom the Bureau of Economic Activity and Social Security
Administration, whichanticipateda surge in the number of workers ages 55 and bl@020
The authors reasoned that such a dramatic change in the compoditiefabbrforce must
affect relative wagesAn increase in the supply of older workersuld reduce their wages,
which would decrease the demand &ge groups that are viewed tieir substitutesdriving
downwagesfor those age groupsAge groups thatomplement older workers, on the other
hand, shoul@éxperience aimcrease in demand amnelceive highewages.

Levine and Mitchell (1988jlivided workers into eight sexge groups Both female and
male workers were classified into teens (ages 16 to dApg/workers (ages 20 to 34), mature
workers (ages 35 to 54) and older workers (ages 55 and.oldexfiditionto theseeight labor
types their production function also used capit@ihey used national aggregate datawages,
employment, the price alapital, andhe capitalstock from 1955 to 198 estimate the
production function coefficients, which allowed them to project changes in wegdtng from
theanticipateddemographic ltanges They projectedthat wages in 2020 would be higher &b
sexage groups, but older workesgboth sexesvould receive the smallest increase.

While the projected increasetime supply of older workers dithaterialize it is difficult
to find evidence of the prediction abdbechange irelativewages Over our analysis period
from 2000 to 2018wvhichisonl y about half as | theUp labosforecee vi ne

grew by 28.6 millionwvorkers almost twethirds of which, or 18 millionywerepeople ages 55



and older The number of workers in thegge grouplmost doublegincreasingrom 18.8

million to 37.0 million(Figure 1) In contrast, the number afatureworkers ages 35 tod5grew
by only 2.5 million(4 percentover the same periodnd he number of young workers ages 16
to 34 grew by7.9 million (15 percent Based on the model estimated by Levine and Mitchell
(1988),this dramatic shift inthe agecomposition of the labor forcghouldcause changes in
wages that are negatively correlated with changes in labor suppbgher wordswe would
expect thesmallestincrease (or largest decrease) in wdge®slder workers However,older
workers, whose wages increased by 7.5 percent, receividdbstincrease in wagesver this
period while wages for younger and mature workers éased by between 5 and 6 percent.
Even though this comparison is not based on a rigorous application of the mi@deds it
guestions about its validity.

Onelikely reason for tadiscrepancy between the model prediction and historicalislata
that the parameters of the model changed over tlregine and Mitchell (1988) estimated their
production functiorusingdata from 1955 to 1984 assuming ttke functionis time-invariant
and will not change over the followir@b years But there is nmbviousreason why this would
be the caseEmployerscanreact to demographic changes not only by substitin@tgeen
different age groups according to a given substitutability, but alehdnyging that
substitutability due to changestimeir views of different age groups or changesame
characteristics of these groupgSor exampleanincreag intheautomation of production
processeblasreducedohysical demands on workers, thus making older workers more likely
substitutes for workers youngerage groups Similarly, the educatioal attainmenbf older
workers increased substantially oviee obseration period which isalsolikely to affectthe
degree ofheir substitutability withyoungerage groups.

In this paper, wadoptthis dynamicview of everevolving employers and their
production functions by allowing the substitutability between various labor types to change over
time. We estimate production functions at multiple times and separately for each sHutor
allows us to track changestime substitutability between older workers and their younger
counterparts and tgolate the labesupply contribution to wage chargfeom the contribution

of changes ithe production function.

2These results are based on simple averages, but results are similar when we controlled for changes in educational
attainment.



Data

Our econometric approach requires data on compensation shares and quantities of factor
inputs bysectorand metropolitan statistical area (MSAJecause no single data source contains
this information, we combined several of the@ur main data sourcQuarterly Workforce
Indicators(QWI), containghe quantity and compensation of labdt is a publicly available data
set compiled by th&.S.Census Burea(2020)throughits Longitudinal Emplger-Household
Dynamics program, which links administrative and survey data to create a longitudinal
employeeemployer datasetEach quarter, QWI repottie numbers of employees and their
average earnings aggregated by employer charactersgict®iandMSA) and employee
characteristics (gender, age group, race, and education).

The QWI datastartas early as 1990 for some states, but other states entietéiset later
(Figure2). In selectingour analysigeriod, weconsideredhetradeoffbetweeriengthandthe
number of states that could be included in the samft®ther constrainbn our choicevasthe
availability of otherdataneeded for thanalysis Finally, because labor demand varies with
business cycles, it was importantttamparedemandat the same phase thie business cycle
Consideringhese requirements/e use data fron2000, 2006, and 2018hepeaks othelast
three businessycles We also includelata from2012 toequalize the timbetween
observations Our sample includesll MSAs that areavailable in the QWI data those four
years

We useEmp a variable that contains employment at the beginning of a quarter, and
EarnBeg the average monthly earnings for those who were employed at the beginning of a
quarter We convert quarterlgmploymento annual data by averagiitgpver four quartersWe
multiply monthly earnings bthreetimesquarterly employment to obtain total quarterly earnings
and hen suntotal quarterly earningsver a year and dividiae sumby the average annual
employment to obtaiaverage annual earningg/e usedotal annual earnings by age group to
calculate labor cost shares for each groygector and MSAEven though earnings do not
account forthefull labor cost, which also includésnge benefitandtheemployed portion of
the payroll taxwe believe thathis discrepancyloes not significaiy bias the estimation dhe
elasticity of substitution betwedwo labor inputs While this would represent a critical issue if
we were interested in the substitutability between labor and capital, the measurecoshtaf

each labor inpuit affectedby a similar erroandtheir effects should cancelt



We use three age categories: young workersd&fjned asages 16 to 34; mature
workers (M), ages 35 todband older workers (O), ages 55 and aldszvine and Mitchell
(1988) had a separate group for teenage workers (T) for ages 1ttd thss group represents
anextremely small share of workers in most industriegure 3). The small sample generated
imprecise estimates, e mergdeenage workrs into our group ofgung workers In addition,
Levine and Mitchell (1988) classified workers by sé&his was important foa model estimagd
with aggregate data, because substitutability between women and men vaeeoby
However, consideringhat we estimate our model separately for esshior we believe thathe
benefits of having separate sets of estimates for eachaéd betoo gnall to justify the
additional analytical complexitshat would result

QWI useshe North Americaindustry Classification System (NAICSyhichclassifies
industries into 2@wo-digit sectors Two of these sectors may be less suitable for our estimation
but we decided to keep them in the samflbe real estate sectavhich includes leasing of
buildings and houses, counts these buildings as capital resulting in an extremely small labor
share Dividing labor into three groups produced even smaller shares, which is likely to result in
imprecise parameter estimatéhe government sectes usually &cluded from this kind of
analysis because inpatitput accounting uses a different methodoltsgyn what is usedor
other sectorsin particular, the output of private companies is valued at market prices, while the
output of the government is valuedtatcost of productionThis difference, however, does not
play a significant role in our case becaase key variables are inputs and their costs, and they
are accounted in the same way across sectors.

To calculateagegroupcompensation shares as ssof totacompensatiojrather than
shares obnly labor compensation, we need to kneesw compensation is split betwelaor
and capital Unfortunately, this information is not available at the MSA lewdlich forced us to
makean assumption of fixed industrgpecific labor and capital shares across MSHAse best
available data is KLEMS national data frahe integrated industrievel production account
jointly produced by the Bureau of Economic Adiyvand Bureau of Labor StatistiBEA,
2011) It contains information on quantity and compensation for main types of produngtiats
(i.e., labor, capital, energy, materials, and services) as well as quantity of output by indiestry
used this datatestimataotal compensatiosharedor labor and capital inputsy industry We

combinedthese sharesith the agegroup sharesf labor compensatiocalculated from the QWI



data to estimatthe agegroup shargof total compensationnder the assumpticof constant
capital and labor shares across MSAs for any given industry

Having information on labor compensation by industry and MSA, and information on
labor and capital shares allowed us to estimate capital compensation by industry and MSA
Finally, the quantity of capitalsed in the productignhe last missing piece of data, was
obtained by dividing the compensation to capital by the capital price index, which we obtained
from the KLEMS The KLEMS data providgquantities of five types afapital (art, R&D, IT,
software, and otherp the form of an index thaqualsl00 in 2012 We created an aggregate
capital index as a weighted average of indices for individual capital types weightezirby
compensation.

The main shortcoming of the QWlata is that they cannot be disaggregated by both the
age and education of employees, but only byaragacteristi@at a time Because age is our
explanatory variable of interest and education is a key determinant of worker productivity, this is
a signficant limitation. In addition, QWI providsonly thenumber of workers employed in a
given quarterrather tharthe actual labor supplied in days or houf#is is alsaa significant
shortcoming because the distribution of the number of hours worems @ the job in a given
guarter variescrossagegroups We worked arounthesemeasurement probleny using the
Annual Social and Economic Supplement (ASEC) of the Current Population SGREY,
which was harmonizeby Flood King, Rodgers, Ruggles, and Warren (2020@gndjustthe
quantity of labor for education amehnualhours worked by industryna age groupBecause
CPS does not use the NAICS, we mapped the ind
system to NAICS.

Methods

Our main goal is to understatite degree o$ubstitutability between workens different
agegroupsand how thasubstitutability changes over tim&/e adopt ampproactbased on
estimaing aproduction functiorwith heterogeneous labdror its dualform, a cost functio®
andusingthese estimates to calculat®sspartial elasticitiesbetween workers in different age
groups which relatevages of one age growyth the quantity of anotherThe crosselasticity of
factor demandepresentshe percentagehange inthedemand fomworkers in one age group

caused by onepercentthangan thewagesof anothemgroup A positive value indicates that



the workers in two age groups are viewed as substitutes, and a negative value indicates
complementarity Converselythe crosselasticity of factor pricehows the percentage change in
wagesof oneage grougaused by a orpgercent increase supply ofworkers in another group
In this case, @ositive valuandicates complementarity and a negative value indicates
substitutability In this paper, we arnaterested in changes in this relationship over tihne
particular, we are interesta@dwhether older workersavebecome more substitutable with
workers in other age groupsstheir relative supply increade In addition, we usgéthe
estimated produmn function to predict changes in earnimy®r time We decomposé¢hese
changes into a component caused by changie guantity of inputs and a component caused
by changes ithedemand for inputs.

We posita translogproduction functiorwith four input® onecapitalinputandthree
labor inputs young, mature, and old workédsfor each economic sector his functional form
allows a high degree of heterogeneity in substitutability between inpuigke the Cobb
Douglas or constartlasticity-of-substitution functions, which impose the same parameters for
each pair of inputs, the translog function alleany degree of substitutability (or
complementaritypetweerany two inputs In addition, undecommonly mad@assumfons, the
function can be transformed into a systenir@ar equationghat can be easily estimated using
standard econometric techniqué3enoting output agband inputi as®, thetranslog production

functioncan be written as
@ | 1 Tae ™ Tl Tad Tag

Assuming constant returns to sédlaposes the constraings | pandB | Ttfor
eachj, and the symmetry of second partial derivatives implies T . Under the assumption
of competitivefactor markets a system of equations for cost shacas be derived Usingi  to
denote the cost share of inpuh MSA k, and adding a residual term , we can write our
econometric modedsa system of four linear equations with factor shares asndigmt variables

and logarithms of factor quantities as independent variables

3 Constant returns to scale are commonly assumed in the literature. We also tested this assumption and were not able
to reject itfor most sectors in the sample.
4 For a derivation of the cost shares system in the case of three inputs, see Hamermesh and Grant (1979).

10



1 | I 1 1aC - HQ pBh (1)

We obtaineddbor quantif & directly from QWI and adjusteitifor annual hours
worked and quality of labdyased on the CPS ASEC daW¥e calculated the national average
number othours worked by age group and sector and multiplied the QWI number of employees
by it. Adjustment for quality of labor took into account differemceeducational attainment
amongage group# each sectorWe used the CPASECTto create a labor quality index similar
to the oneconstructedy Harper and Field (1983)vho used wage as a proxy for labor
productivity toadjust statdevel laborquantityfor differences ireducation, race, and sex
Becauseesearch showhat differences in wages by race and sexdaxen moreby
discriminationthan by differences in productiviffPaulet al, 2018 Weinberger andoy, 2007,
we use only education to make this adjustméhir indexr is calculated for each age group
and sectos by weightingthe quantity of labor in each ageducatiorgroup0 by asector
wide, educatiorspecifiG hourlywage 0 , and normalizing it by the sectoral mean wageand
sectorage labor quantity :

; BO O
00

Assuming that residual terns (1) are correlated across inputs but actossMSAs®, we
estimate this system of equatisras seemingly unrelated regressi¢88R)for the economy as
a whole andor eachof the 20sectos at four points in time2000, 2006, 2012, and 2018
Ordinary least squares (OL8anyield efficient estimatesvhen all equations have the same
regressorsbutnotin the presence of restrictions on coefficiemsvhich caseSUR is necessary
to obtain efficient estimatgsee Greene, 2002, p. 34Becauseur assumptions about the
production functiorcoefficiens makethe system overdeterminede drop the capital equation
and estimatenly three laborsharesquations The estimated parameters allow us to calculate
crossprice elasticities of demand that indicate the degree of substitutability between two inputs
In addition, this functional fion is suitable for predicting changes in wagassed by changes in

labor supply.

5We assume th@®d- - 0B Y, if t=s, and O otherwise.
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While this model is useful for our purposeraquiressomestrongidentifying
assumptions Themainsource of identificatioms the implicit assumption that labor supjsy
infinitely inelastic(or at least much less elastic tHabhordemandg, and therefore all the
observedrariation inwages and consequenthabor compensation shareomes fronvariation
in labordemand If labor supply was not infinitelynelastic, ashock to labor demanaould also
cause a change in employmemtaking factor quantities endogenoWhile a case for inelastic
supply at the MSA level can be made, it is mucherdfficult to do so at theectorMSA level
The cost of switching industries within an MSA is laamd workerdrequently switch industries
in response to a changeanindustryd Bbordemand Consequentlythe effects of changes in
labor supply on wages based on this assumption are most likely overestimateprasent only
the upper bound

One way to address this problem is to use the M&#her than theectorMSA, as a unit
of observatiorand make thassumption of inelastic labor supply at the MSA levdthough
the labor supply curve is still not verticiljs would represent a significant improvemerithe
main downside is that we lose the heterogeneity across sectors beczse waassumehat
all sectors have the sampeduction function We use this estimate as onearfr robustness
checks

Another way taassess thebustness of ouesults is to estimate the dual functional form
that requires making the opposite assumptidrigs functional formsd er i ved fr om t he
cost functionand defines factor compensation shares as linear functions of logarittfextoof
prices :©

i () ol 10C - AQ pMBh (2)

In this casethe identifying assumption requires factor prices, rather than quantities, to be
exogenous, or equivalently, that labor supgyn be considerddfinitely elastic.In other words,
each sector within an MStakes wages as givei his propositioris easieto defend at the
sectorMSA level All MSAs in our sampleontain multiple sectorandvery few of them have
a high sectotevel concentrationWe show this by calculatingpe Herfindaht Hirschman Index

(HHI) indexfor sectoflevel labor compensatiornThe index iggenerally used for assessing

6 For derivation, see Hamermesh and G(a8a79).
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market concentration of sellers in markets for goods and serbiges can also be used to
assesthemarket concentration of buyers in the labor market (Azar et al., 2@20¢ulated as
the sum of squaremarketshareexpressed as percentagiés maximum value is 10,000 for a
market dominated by a singdatity. The US Department of Justice and Federal Trade
Commission consider values between 1,500 and ASb@icatorsof moderately concentrated
markets andralues greater than 2,5@8indicators of highly concentrated markéfThese
rangesshould beanterpreted only as rough guidescause¢heyare definedvith respect tdirms
rather than sectsrand for the case skllers, rather than buyerEigure 4 shows thdhe
majority of MSAs in our sample exhibit a low seetevel concentration and only a small
fraction is highly concentrated.

We usethe estimategroductionfunctioncoefficients to calculate factprice

elasticities whichin this casearewage elasticitiesA crosswage elasticity indicatesthe

percenagechange in thevage of workers in group 0 , due to a orpercent increase in the
guantity ofworkers in group. Own wage elasticity indicates the percentage changéia

wage caused by a opercent increase in the quantity of workers in the same group.

i — (39)

i — p (3b)

The expressions fdactor demand elasticity parallel those abbuéuse the coefficient

from the cost function

e?

.
T‘
T o
T T

The expressions farariances of thesestimates werderived by Levine and Mitchell

&)
T (4a)

2

P (4b)

(1988) in the working paper version of their study.
As the last step, we use estimated production function coefficients to predict changes in

wages over the anaigperiod We then decompose these predicted changesamponents

"AHori zont al Merger Guidelineso, U.S. Department of
March 2021, https://www.justice.gov/atr/horizortaérgerguidelines08192010.
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that can be attributed tbhechanges in coefficients and those that can be attributed to changes in
inputquantites. We start withthedefinition of thecost sharé = —— , whereis autput, and
we logdifferentiate it to obtain
ATDG 2 Al BCAI BG
We then differentiate equation (tb) obtain arexpression foAi , which wesubstituten
the equation aboyand use the approximatidnl E0C B i A1 £ @ obtainan expression for

predicting changes in wagesworkers in age groupdue to changes in production function

coefficients and factor quantities
Al T0C IB A A 11d¢C Al TaC Al T6C
(5)
i Al Tag

The expressioron the righthand sidecontains 13 termsvhich we group into three grosp
terms with differentials in coefficients andi  wherej is another age group; terms with
differentials in quantities of labor; and terms with differentialatesl to capitain coefficiens or
guantity We are mostly interested in the first group, whiepresentshanges in wages due to
changes in labor demand and substitutability between age gemgpthe second group, which
represents changes in wages ttuehanges in the composition of the labor fordée use

expressior{5) to predict wages of workers in the three age groups by sector and to decompose

these changes into the above three groups.

Results

Becauseheapproximate value and treiodl many of our estimatesre more interestg
than their precise values, we rely mostly on visual presentaftioar resultgather than tables
All estimates are presented with their@&rcent confidence interval®Ve startwith estimates of
crosswageelasticites, which represent the percent change in wagese group caused byla
percent increase itmelabor supply of another groufWe first present our estimates by sector
and then show aggregate results the inerest of space and considering that we are most
interested in the substitutability between older workers and thake ather twoyoungerage

groups, we present sectgpecific estimates only of the elasticity of wages of mature and
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younger workers witinespect to older workersAggregate estimates are presented for all
combinations of age group¥Ve then present the estimates of crdemand elasticity, which are
based on our estimates of the cost functibhese results are used as an indirect festio
identifying assumptions.

Most of aur estimatepassthe basic validitycheckin that they have the expected sign
and fall in the expected rangAll estimates of owrwage elasticity are negative, which is
consistent with theoryOur estimates of crosgage elasticity fall betweei®.4 and 0.2, which is
very similar to theange ofestimates by Levine and Mitchell (1988r groups that doot
involve teenagerévhotend to have higher values of elasticifjeshich falls betweer0.4 and
0.3 Elasticities that are based on an aggregate production have similar values to those obtained
by aggregating sect@pecific elasticities Own demand elasticities are also mostly negative
only 3 of 240estimateg20 sector®ver4 yeas and 3 age groupsye positive and statistically
significant.

The estimates dhe crosselasticity of wages of mature and younger workers with
respect to older workeeyreshownby sector for years 2000, 2006, 2012, and 2018 in figures 5
and 6 Mature and older workers start the period as complements inseatorancluding
accommodation and food, agriculture, arts and entertainment, business services, health care,
management, and professional services, although some of these estimatéistarallgta
indistinguishable from zero at the-p&rcentsignificancdevel. In other sectors, they were
viewed asveaksubstitutesasindicated bya crosswage elasticity in the range between 0 and
0.1. Over our analysis periothe crossvage elasticity for mature workers with respect to older
workers declind in most sectors, indicating increasing substitutability between these two
groups In 2018, the estimates were Roegative only in management aredail. Our estimates
of the substitutability between younger and older workers showigume 6 have been lower
and more stable, but patterns across the sectors are similar.

This decrease ithecrosswage elasticity omatureand younger workers wittespect to
older workerscould indicate that older workeasany age have become more substitutable with
their younger counterpart$or example, a technological advance that reduces physical demands
on workers couldncrease the demand for older workeHowever, it could alsbe caused by
rightward shift in the ageroductivity profileconsistent withan increasing capacity for woek

older ageslue to improved health arah increasing life expectancyven over this relatively
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shorttime period, average life expectancy increased by more than 2.1 years for women and 2.5

years for mel.A 55-yearold womanin 2000 had the same life expectancy as a womath age

57.4 in 2018 If we used an alternative measwof agelike the one constructed by Cosic and

Steuerle (2018hatcontrok for life expectancyyworkers ages 56 and 57 would be categorized as

mature ratherthanoldin2018 f t hi s shi ft occurhutedtinbun empl oy
classificatian, it would cause an increase in measured substitutality data daot allow us

to disentangle the effect ahacrossthe-board increase in substitutability from a shift in the

threshold between mature and older workers, but it is veortsideringt as apotentialfactor.

This sectorspecific view is useful becausehighlightsthe sectoilevel heterogeneity in
substitutabity between age groupsHowever, sectors also vary by employment and this view
does not providany informationabout the overall trendTo do that, we aggregatéhese
elasticities by calculating a weighted mean, in which we use sgwtorfic employnent shares
as weight$.We aggregated both point estimates and confidence intervals in the samia way
addition,we estimated an aggregate production functiod used it to obtain an alternative set of
crosswage elasticities, which providereference for ourobustnessheck Both sets of
estimates are shawn Figure 7, those based on sectspecific production functionarein
yellow and those based on the aggregate production furastam blue

Theaggregatedectorspecific estimatemdicatethat mature and older workers have
become more substitutable over the observed pefibdweighted mean afrosswage
elasticity for mature workers with respect to older workers decreased@r@inand statistically
insignificantin 2000to -0.06 and statistically significanh 2018 The95-percentconfidence
intervals estimated in these two years do not overldqe substitutability between younger and
older workers increased as well but by a smaller amountvethdessstatisticalsignificance
The crosswvage elasticity for young workers with respect to older workers decreaseedi@n
and statistically insignificant in 2000 6.04 and statistically significant in 2018ut tere is a
substantial overlap between the two conficke intervals The substitutability between younger

and mature workers remained relatively stable over the observed period.

SAPeriod Life Tabl es, 0 So fuwa.btsa.goeaact/HistBstPerlAfeTatlesHomethtmb t i o n ,
9 The aggregate elasticity represents a mean percentage change in wages in all sectors. A mean percent change for
the sample can be calculated as a weighted mean of percent changes of its parts.
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The estimatesf crosswage elasticity thadrebased on the aggregate production function
show a lower degree of substitutabilitgtweerage groups and smaller changes over.time
These estimates were higherabsolute valuéhan those based on seesprecific production
functions in all but two cased he two sets of estimates are relatively close, which gives us
some confidenci our estimation methodbutthe systematic differences between the brog
our identifying assumptionito question We can think of three reasons for these differences
First, the sectoispecific estimates wemgygregated bweighing themby sectoral employment
sharesbuttheestimates based on thggregate production functi@o not take sector size into
account If the crosswageelasticities in largsectos were lowerthan in small sectors, a non
weighted average would bias it upwar However, we were able to reject this hypothesis by
estimating norweighted means of sector specific elasticities, which were even lower than the
weighted means

The other tw@otentialreasondor differences between estimates based on aggregate and
sectorspecific production functionare related to the identifying assumptiors discussed in
the previousection the main weakness of our ideniifig strategy is the assumption arfi
infinitely inelastic labor supplgt the secteMSA level This assumption is much more likely to
hold at the MSA level, which is the unit of observation for our estimaticghefggregate
production function Consequently, ithe sectoispecific estimates yielded the upper bound on
substitutability, the aggretgestimates should be closer to the true val@sthe other hand,
the assumption of a homogenous production function across sectors might be tao strong
Imposing the same production function on sectors with very different technologies and labor and
capital shares could lead tonaisspecifiednodel| and consequently biasecklasticityestimates

Although wedo nothave a direct way of distinguishing betweba lasttwo reasons for
the discrepancy, we caonsider another measuresofbstitutability which requires less
problematic assumption® shed some additional lighh this questionAs discussed in the
previous section, the dual specificati@) that isbased on the cofitinctionis more likely b be
well identifiedat the secteMSA level than specification (1) that is basedthe production
function We estimated model (2) angedthe estimateé parameterto estimate crosdemand
elasticities between age groupghis elasticity representsdtpercentage change in demand for

labor in one group caused byl-gercent increase in wages of another grdups positive when
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two groups are substitutes and negative when they are compler@emtsectosspecific
estimates aggregated as weighted means are shdwgune 8

A surprising result from this figure is that the croesnand elasticity between mature
and older workers is negativeadicating that the two groups are complements ratteer
substitutes These elasticitiedlferight-mostchart in both rows ofigure § arenegative for all
four yearsalthoughthey are statistically indistinguishable from zatdhe perio ends (.e.,
years 2000 and 2018Equally surprising is thiack ofatrendin these estimateOur
hypothesis was that employers' views would change with the composition of the workforce and
that older workers would become more substitutable, or at least less complementary, to other
workers but these results stv that elasticities chanddittle over the analysis periodThese
estimates put our results based on cweage elasticities in doubfThey are nobnly showing
different magnitudg but they are indicating the opposite type of relationbbigveen older and
mature workers Estimates of the crossage elasticity between young and old workers and
between young and mature workers are positive in all ygaligatingnetsubstitutability but
statistically insignificanaind equally flat overhie observed period.

We alsoshowestimates of owswvageand owndemancelasticityin figures9 and10.
These elasticities represent the relationship between changes in wages and employment for the
same group of workersAs with crosswage elasticities, we estimatedo sets obwn-wage
elasticitiesin two ways:weighted averages of sectgpecific elasticities and aggregate
elasticities based on the aggregate production funchaal & with crosswage elasticit
estimaes the averaged elasticities have larger magnitudes than those based on the aggregate
function Somewhat surprisingly, the averaged estimates indicatéhth@emand for mature
workers is more elastic than the demand for younger and older woHkewsever, the aggregate
estimates have similar values for all three grougdsreover, theyexhibitsimilartrends. At the
beginning of the period Jasticities are betweed.15 and0.18 They increasei.¢.,fall in
absolute valuein 2006 and 2012eachig about-0.12 and therfall in 2018 Estimates of own
demand elasticities, shownkigure 11, are closer to what we expectadparticulay the labor
demand is most elasticd., the elasticity is the lowest) for young peaplehis result is
consistent with theory and wésundin previousempiricalstudies(see Bazen and Martin, 1991;
Grant, 1979; Hamermesh, 188
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Finally, wediscusghe changes in wages predicteddayation §) and the components
of these changeswvith the caveat that this analysis is based on our estimattespybduction
function that did not pass the robustness ché&tgure 1l showsactual and predicted changes in
wages from 2000 to 2018 by ageup and sectorActual changes in wages were demeaned by
subtracting the mean change in wages for all workers over this p&itr@dresults are mixed
Comparing onlythesigns of our predictionwith actual change®ur success rate jgst barely
higher than 50 percenPredicted wages for older workeell fn most sectors and increakie
only six of them They did increase in five out of predicted six sectors, but they also increased in
seven others for which we predicted decreasing wages fer wlotkers We predicted that
wages for younger workers would increase in 10 sectors, buathegilyincreasd in only 4 of
those and one other for which we predicted a decrdasemature workers, we predicted
increases in 16 sec®they occurredn 10 of those an& others for which we predicted
decreases.

Figure 2 shows results ahe decomposition of the predicted changes in watjes
components caused by changes in the production function, changes in the age composition of the
labor force, and changes related to capitath its roldn the production processd quantity
As expected, the changes in age composd#lonewould have reduced wagesrfolder workers
whose number increased dramaticaltyalmost all sectorsHowever, age composition had a
negative contribution in most sectors Yeorkers inthe other two age groups whasembers
increased much less théor olde workers A possible explanation is that the increase in the
number of younger and mature workers wasdaetptive tothe increase in the quantity of
capital and that thiselationshipdominated in some sector$he changes ithe production
functonal so had a negative | mpact weexpesttddhemtowor ker
counteract the effects of changes in age composifitve estimatedantribution of capitais

positive across the board, fartually all ages and sectors.

Conclusion

The aing ofthelabor force improvements iworkerhealth conditional on age, and
technological advances production processes are likely to chattyerelative demand for
workers of different agedn this paper, we searched for evidence of slerhanl shifts from

2000 to 2018 based dSA-level QWI dataon employment and earningg/e found some
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evidence that points in the expected direction, but it is far from concluSiveestimates ahe
crosswage elasticity of demand, which are base@ dranslog production function with three
labor inputs corresponding to thrage categorieshow that older workers have become more
substitutable in the production process with their younger counterfartsheseestimates are
based on the assumptionasfinfinitely inelastic labor supply at the secidiSA level,whichis
unlikely to hold Our alternative models show little or no trend in the substitutability between
older and younger workers.

Although thisoutcomeis somewhat disappointing, it posesew question that future
research should addresSur paper failed to provide evidence of a trend in substitutability
between workers in different age groups, but it also has not provided evidence of the lack of a
trend Our alternative models thdtd not show a trend are also based on assumptions that are
unlikely to hold Becauselte assumption of a production function that is homogenous across
sectorsandthe assumption ofrainfinitely elastic labor supply are likely to be violated, it is
importantto keep in mind that they represeiifterent but not necessarily more correct models

The present study showed that identifying assumptions matter and that these estimates are

sensitive to themWe leaveito f ut ur e r esear ¢ h odebthatcampdovide A mor e

evidenceof changes in relative labor demand with less ambiguity.
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Figures

Figure 1.PercentChange in Weekly Wages anabor Forceby Age Group2000 and 2018
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Notes: The analysis groups workers into young (Y) ages (16 to 34), matuagési(35 to 54), and older (O) ages

(55 and older). Labor force size was estimated as the number of people who participated in the labor force. Weekly
wages were estimated as annual earnings divided by weeks worked-fondylfull-year workers (35 amore

hours per week, 40 or more weeks per year) whose hourly wages were between $3 and $300 in 2019 inflation
adjusted dollars.

Sourcs: Aut hor sd& c o mp @inaat Soaahasd Econamic Suppleanent of the Current Population
Survey(2001, 2019) anédmerican Community Survé3000, 2018).
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Figure3. Shares of Workers by Age Group &ettor 2012
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Figure 4 Distribution ofHerfindahl Hirschman IndeXor SectorLevel Employment
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SourceeAut hor s & c¢ o muarterly Workfance IndicataranU.S. Census Bureau (2020).
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Figure 5 CrossWage Elasticity of Demand for Mature Workers with Respect to Older Workers
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Figure 6 CrossWage Elasticity of Demand for Young Workers with Respect to Older Workers
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Notes: This elasticityepresents the percent change in the wages of young workers (ages 16 to 34) caused by a 1
percent increase in the supply of older workers (ages 55 and older). It was calculated using equation (3a) and
estimated coefficients from equation (1). Standardrerestimated by the delta method, were used to construct
confidence intervals.
SourceAut hor s & c¢ o muarterly Workfance IndicataranU.S. Census Bureau (2020).
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Figure7. CrossWage ElasticityBased orthe Aggregate Productiofunction and Secter
Specific Production Functions

@ Aggregate By sector
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Notes: Elasticities were calculated using equation (3a) and estimated coefficients from equation (1). The aggregate
estimates shown in blue were esti matteod Ousisrtg matsisn gslheo w
yellow were calculated as a weighted mean of sesgerific elasticities. Standard errors, estimated by the delta
method, were used to construct confidence intervals. Y indicates young workers (ages 16 to 34), M indicates mature
workers (ages 35 to 54), and O indicates older workers (ages 55 and older).
Sourcee Aut hor s & c¢ o muarterly Workfance IndicataranU.S. Census Bureau (2020).
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Figure 8 CrossDemand Elasticitfestimates
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Notes: Elasticities were calculatedngiequation (4a) and estimated coefficients from equation (2). The estimates
were calculated as a weighted mean of sespecific elasticities. In the twietter shorthand for elasticities, the

first letter is the age group demand changes as a resuitin€rease in wages of the group represented by the
second letter. Standard errors, estimated by the delta method, were used to construct confidence intervals. Y
indicates young workers (ages 16 to 34), M indicates mature workers (ages 35 to 54indindt€s older workers
(ages 55 and older).

SourceAut hor s & c¢ o muarterly Workfance IndicataranU.S. Census Bureau (2020).
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Figure9. Own Wage Elasticity Based on the Aggregate Production Function and -Sgeoific
ProductionFunctions

@ Aggregate By sector
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Notes: Elasticities were calculated using equation (3b) and estimated coefficients from equation (1). The aggregate
estimates shown in blue were estimated using the aggre
in yellow werecalculated as a weighted mean of sesfmecific elasticities. Standard errors, estimated by the delta
method, were used to construct confidence intervals. Y indicates young workers (ages 16 to 34), M indicates mature
workers (ages 35 to 54), and O iraties older workers (ages 55 and older).
Sourcee Aut hor s & c¢ o muarterly Workfance IndicataranU.S. Census Bureau (2020).
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Figure D. Own Demand Elasticity Based on SeeSpecific Cost Functions
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Notes: Elasticities werealculated as a weighted mean of sesfmcific elasticities, which were calculated using
equation (4b) and estimated coefficients from equation (2). Standard errors, estimated by the delta method, were
used to construct confidence intervals. Y indicgtmsng workers (ages 16 to 34), M indicates mature workers (ages
35 to 54), and O indicates older workers (ages 55 and older).

SourceeAut hor s 6 ¢ o nuarterly Workfance IndicataranU.S. Census Bureau (2020).
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Figure 11. Actual and Predicted Ginges inWages2000to 2018
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Notes: Actual changes are based on hourly wages, which were calculated by dividing total earnings by total
employment adjusted for labor quality and hours worked. Percent changes in wages by age and sector were
demeaned bgubtracting the average percent change in all wages. The predicted changes in wages were estimated
using equation (5). Y indicates young workers (ages 16 to 34), M indicates mature workers (ages 35 to 54), and O
indicates older workers (ages 55 and older)
Sourcee Aut hor s & c¢ o muarterly Workfance IndicataranU.S. Census Bureau (2020).
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Figure 2. Decomposition of Predicted Changes in EarnirZf¥00 to 2018

Notes: The predicted changes in wages were estimated using equation (5). The production function component
includes term#y andl TGCK  wherej represents labor age groups. The age composition component includes
termsAl TdQwherej represents labor age groups. The capital component includes all otheMémdisates

young workers (ages 16 to 34), M indicates mature workers (ages 35 &m84) indicates older workers (ages 55
and older).

SourceAut hor s & c¢ o muartery Workfance IndicataranU.S. Census Bureau (2020).
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