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We exploit a policy-induced shift in the labor supply of elderly (age 63–67) workers in Norway to explore how 

aging of the workforce within existing firms is likely to affect labor productivity and the demand for younger 

workers. Our results are imprecise, but indicate that a higher share of age 63–67 workers increases total wage 

costs and has a small positive effect on labor productivity in the short run. Postponed retirement of existing 

elderly workers leads to a significant decline in the hiring of younger (below age 30) workers. 
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. Introduction 

In the present paper, we examine how a policy-induced increase in

he number of elderly workers has affected labor productivity and age-

pecific labor demand within existing firms. Our analysis is based on

 quasi-natural experiment in Norway: In 2011 a pension reform radi-

ally improved economic incentives for staying employed after the age

f 62 for roughly half of the elderly private sector workers. We show

hat the reform yielded significant exogenous variation in the age struc-

ure of employees within and across firms, enabling identification of a

rucial and policy-relevant causal relationship between the employees’

ge composition and labor productivity. 

There is obviously no such thing as a universally valid true causal re-

ationship between age and productivity. The influence of age is likely to

ary across occupations, industries, and individuals, and also to change

ver time due to changes in the capital stock, technological innovations,

mprovements in health conditions, and changes in the relative supply

f labor of different ages ( Sharpe, 2011 ; Gordo and Skirbekk, 2013 ;

cemoglu and Restrepo, 2018 ). Hence, it is impossible to interpret an

ffect of age-composition on firm productivity without explicit reference

o the source of variation used to identify it. In particular, the variation

n age-structure across firms generated by differences in their optimal

hoices of labor inputs will have other implications for firm produc-

ivity than the variation caused by changes in the relative supply of

ge-specific labor. 

Our analysis of the relationship between age and productivity is

ased on the margin of variation that arguably is the most policy rel-

vant of all, namely the variation that results from public policies de-

igned specifically to increase labor force participation among the el-

erly. Such policies are discussed and/or have already been imple-

ented in virtually all advanced economies, most often in the form of
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ension reforms raising the retirement age and/or removing earnings

ests. These reforms influence the age composition of the workforce by

aising the amount of elderly workers’ labor supply in a similar fashion

s the aging of populations itself ( Coile et al., 2018 ). Hence, they hold

he key to understanding the fundamental relationship between the age

omposition of a country’s labor force and its overall labor productivity.

The policy reform exploited in the present paper drastically im-

roved work incentives for employees aged 63–67 who worked in firms

ffiliated to a supplementary early retirement program covering roughly

0% of private sector workers in Norway. The program is organized by

mployer and employee organizations, with part of the cost covered by

 public subsidy. Up to 2011, the program provided a pension similar

o the public pension over the age span 62–67, but subject to a strict

arnings test. In 2011, the public pension became available from 62,

onditional on a certain level of accrued pension entitlements, and the

upplementary program was transformed into a life-long top-up pen-

ion at a correspondingly lower level, both without any earnings test.

he reform had a large and immediate influence on the share of 62–63-

ear-olds that chose to continue in employment ( Hernæs et al., 2016 ;

ndersen et al., 2021 ). Cohorts born after 1948 were subjected to the

ew system, whereas cohorts born earlier maintained the old system;

ence, given that the supplementary early retirement program covered

 five year period, the reform’s overall influence on the age-specific em-

loyment patterns were gradually phased in over five years. The re-

ultant rise in participation rates increased the number of older per-

ons in firms affiliated to the early retirement program, but not in other

rms. The reform’s influence on the number of mature workers also var-

ed considerably across affiliated firms due to differences in the initial

ge composition of their workforces. Hence, by exploiting the differ-

nces between “treated ” and “non-treated ” firms as well as the differ-

nces between treated firms with different initial age structures within a
ticle under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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ifference-in-differences framework, we can identify the causal impacts

f exogenous (policy-induced) changes in the number of elderly employ-

es on various firm outcomes, without having to rely on common trends

or either firms with and without elderly employees or for firms with

nd without affiliation to the early retirement program. 

We use administrative register data, which cover a description of

ll limited liability private sector firms’ labor inputs, wage costs, prof-

ts, sales, and value added over the period from 2002 through 2018,

ith information on participation in the early retirement program from

007. For each year 2007–2018 we use the predicted share of (fulltime-

quivalent) “treated ” workers as an instrument for the firm’s actual

hare of age 63–67 labor input, with the prediction based on the work-

rs’ age composition five years before. In the regression analyses, we

ontrol for separate time (year) effects by early retirement program af-

liation and by the fraction of workers belonging to early retirement

ge, and identify the causal effect through the interaction of program

ffiliation, age composition, and time. The identification strategy hinges

n the orthogonality of this interaction term and the residual shocks to

he outcomes, conditional on the separate time-trends and other con-

rols, including firm-fixed effects. We examine the validity of the iden-

ification strategy through event studies (including “placebo ” outcome

ears) and the inclusion of alternative control functions. 

Examining labor productivity at the firm level entails some serious

easurement problems. Our primary measure of labor productivity at

he firm level is based on annual accounts, and defined as the value

dded (total wage costs plus profits) divided by total labor input (the

umber of person-years). This can only be a crude proxy for productiv-

ty, however, as the timing of realized profits may deviate substantially

rom the timing of actual value creation. Hence, as a supplement, we also

se measures based on reported sales and wage costs. To complicate the

nalysis, we expect measurement error in the quantities of annual labor

nput, and also outlier problems related to skewed distributions of key

ariables, including firm size and profits. These data and measurement

hallenges are inherent in empirical analyses of firm-level productivity,

nd inevitably imply that subjective choices must be made regarding,

.g., sample inclusion criteria, outlier treatment, and functional forms.

deally, such choices should be made strictly prior to the actual data

nalysis (in order to avoid data-mining). Yet, in practice, it is difficult

o fully identify and understand the actual data problems, and thus to

hoose the appropriate remedies, without having examined the data to

ome extent. Our solution to this dilemma is to be as transparent as pos-

ible regarding the criteria used to adapt the data, and then to assess the

onsequences for the results of modifying each criterion. 

These data challenges also imply that the relationship between age

nd productivity is estimated with considerable uncertainty. With this

aveat in mind, we provide results indicating that overall labor produc-

ivity is most likely positively affected by a higher share of age 63–67

orkers triggered by postponed retirement due to improved work in-

entives. The estimated impact on the average wage level is also pos-

tive, reflecting that individual wages typically grow with experience

nd tenure, either due to higher productivity or due to incentive con-

racts. The estimated effect on total employment is uncertain, but point

stimates indicate a negative overall effect. A more detailed analysis of

ge-specific labor demand patterns shows that the demand for younger

below age 30) workers is significantly reduced. This effect is fully ac-

ounted for by reduced hiring of new workers. The employment effect

ppears to be heterogeneous though, and in industries where we expect

he degree of complementarity between young and old workers to be

onsiderable we do not find any displacement effect on younger work-

rs. 

Our paper relates to an existing literature examining how particular

kills develop over the lifecycle, showing that some skills tend to deteri-

rate with high age (e.g., physical strength, adaptability, fluid cognitive

bility) whereas others are stable or improve (e.g., experience-based

nowledge, crystalized cognitive ability), with large variations across

ndividuals ( Skirbekk, 2008 ; Sharpe, 2011 ). The consequences of aging
2 
or labor productivity thus depend on the way the elderly are sorted into

nd out of jobs, and on how their skills match the skills of other workers.

he degree to which workers of different ages are substitutes or com-

lements in the production process plays a key role, as also reflected in

ur results. 

There is a large empirical literature examining the relationship be-

ween labor productivity and the age-composition of workers at the

rm level. Although some cross-sectional studies find indications of a

eclining (or hump-shaped) relationship between average age and la-

or productivity (e.g., Grund and Westergaard, 2008 ; Lallemand and

ycx, 2009 ), analyses based on panel data essentially indicate that pro-

uctivity does not decline with the fraction of elderly employees; see,

.g., Cardoso et al. (2011) , van Ours and Stoeldraijer (2011) , Göbel and

wick (2012) , and Mahlberg et al. (2013) . However, this literature fo-

uses on how the actually chosen age-composition of labor inputs affect

rm productivity, given the prevailing labor force participation patterns

mong the elderly and given the existing age-specific sorting into jobs. It

annot say much about the expected effects of changes in the age struc-

ure generated by exogenous changes in the overall supply of mature

abor. 

A recent paper that does say something about the impacts of ex-

genous changes in labor supply, and hence is more closely related to

ur own contribution, is Carta et al. (2021) . This paper uses a pension

eform in Italy to identify the short-term effects of a policy-induced in-

rease in the supply of workers above 55 years. Not far from our results,

hey find that the rise in the participation of mature workers did not

ignificantly affect average labor productivity. However, in contrast to

s, they estimate a positive impact on the demand for younger workers.

ence, older and younger workers appears to be complements in the

rms they study, and they conclude that rising institutional retirement

ges can help firms retaining valuable older employees. Interestingly,

nother paper using exactly the same pension reform to identify causal-

ty ( Boeri et al., 2022 ) reaches a conclusion more similar to ours, namely

hat postponed retirement caused a reduction in the demand for other

ge groups. 

. Institutional setting: the norwegian pension reform 

In 2011, the whole Norwegian pension system was radically re-

ormed ( Christensen et al., 2012 ; Hernæs et al., 2016 ; Kudrna, 2017 ;

alvorsen and West-Pedersen, 2019 ). The main ingredients of the re-

orm was a tightening of the relationship between individual lifetime

arnings and pension entitlements, longevity-adjusted annual pensions,

nd less generous indexation. These changes are phased in gradually,

owever, and had negligible impacts on the work incentives for cohorts

etiring around the time of the reform. In the present paper, we focus on

 reform element that had large and immediate consequences for many

rivate sector workers; namely the removal of the retirement earnings

est for workers qualifying for a supplementary early retirement pen-

ion entitled “AvtaleFestet Pensjon ” (hereafter AFP). AFP is a separate

illar of the Norwegian pension system which was established in 1988

hrough an agreement between the associations of employers and em-

loyees in Norway. It applies for workers who are covered by the col-

ective agreements between these associations (all public sector workers

nd approximately 50% of private sector workers) and comes on top of

ublic and occupational pensions. 

The reform of the AFP program was implemented in a quasi-

xperimental fashion, in the sense that adjacent birth cohorts eligible

o AFP suddenly faced completely different early retirement incentives,

hereas the pre-existing large difference in incentives between AFP and

on-AFP eligible workers was immediately eliminated. Before the re-

orm, workers entitled to AFP could claim an early retirement benefit

lready from the age of 62, calculated as the old age pension in the

ublic pension system with accrual as if the existing job and salary con-

inued up to age 67. There was a strict earnings test, which together

ith the income tax implied a total tax rate of 75% at average earnings.
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he reform repealed the earnings test and introduced an actuarially ad-

usted pension from age 62, reducing this total tax rate to approximately

0%. From one birth cohort to the next, the average annual take-home

ay associated with postponing retirement after the age of 62 and up to

ge 67 increased by NOK 200,000 (approximately € 20,000) or 150%

 Andersen et al., 2021 ). As a result, labor supply (measured by average

ross labor earnings) among 63 and 64 year olds increased by approx-

mately 30% ( Hernæs et al., 2016 ). Before 2011, workers without enti-

lement to AFP could not claim any pension at all until age 67. For them,

he reform entailed no important changes in work incentives, but an op-

ortunity to start drawing on their pension wealth five years before at

ctuarially neutral terms. Previous empirical evidence has indicated that

his new opportunity caused a small decline in labor supply at the in-

ensive margin ( Hernæs et al., 2016 ). A later study focusing exclusively

n those without entitlement to AFP over the age range 63–66, found

hat the decline at the intensive margin was largely offset by increased

abor supply at the extensive margin ( Hernæs et al., 2021 ). 

Employment protection legislation, as well strong norms regulating

mployer-employee relationships in Norway, imply that any downwards

djustments of firms’ employment normally occur through a combina-

ion of voluntary quits and reduced hiring. Hence, if the stronger work

ncentives following from the AFP reform reduced the quit rate among

lderly workers, we expect to see either a corresponding increase in total

mployment or an offsetting reduction in new hires, the latter typically

mplying a reduction in the number of young workers. 

. Data and identification strategy 

The aim of our empirical analysis is to identify the short-term effects

f an externally imposed change in the number of workers in the age

3–67 range on two types of firm outcomes 1 : 

i Labor productivity 

ii Total employment and employment in age brackets other than age

63–67 

The analysis is based on administrative registers containing annual

ccounts for all limited liability private sector firms in Norway from

002 through 2018. These data are merged with employer-employee

egisters with information about all employees, their age, annual earn-

ngs, and contracted work hours. Finally, we add in information about

ach firm’s participation in the early retirement program AFP, which is

vailable from 2007. 

To identify the causal effects of interest, we exploit the 2011 early

etirement reform, which, from a firm perspective, represented an ex-

genous source of variation in the number of workers above age 62. This

orms the basis for an instrumental variables approach, whereby we use

he fraction/number of workers expected to be directly affected by the

eform as an instrument for the fraction/number of old workers. The

dea is that we can then identify and estimate local average treatment

ffects corresponding to the policy-relevant margin of variation in the

ge composition, namely the variation generated by a pension reform

imed at encouraging elderly workers to postpone retirement. 

Our data will be structured in terms of an initial “base-year ” and an

outcome-year ”, and the statistical analysis is conditioned on firm char-

cteristics in the base-year. Information about a firm’s age structure in

he base-year will be used to form predictions about the number (or frac-

ion) of age 63–67 workers and of workers eligible for AFP-retirement

n the outcome year. To ensure that the firm’s employment structure in

he base-year is always exogenous with respect to the impacts of the re-

orm, the base-year is the year five years prior to the outcome-year (since
1 As outcomes and explanatory variables are all defined in terms of calendar 

ears, whereas age is not, we need a calendar-year based definition of age. We 

efine a person as x years old in a calendar year t if the persons reaches the age 

f x during the course of that year. 

A

f

r

o

3 
one of the current age 63–67 workers had reached early retirement

ge five years ago). We drop firms with less than 5 full-time-full-year-

quivalent (FTE) employees in the base-year to avoid too much noise

elated to firm exit and unreliable productivity measures. In order to

dentify AFP-affiliation (and to ensure a meaningful productivity analy-

is), we also condition on the firm still being active in the outcome year

defined as having at least 1 person-year of labor input). 2 This raises

ome potential selection problems, which in the empirical analysis will

otivate a focus on within-firm changes as the source of identification.

ased on these criteria, we have 270,582 firm-year observations in our

ata, out of which 71,461 (26%) are recorded as affiliated to AFP. In the

ain part of the analysis, we drop 5265 firm-year observations (1.9%)

ith recorded labor input inconsistent with recorded total wage costs.

ore specifically, we require that imputed full-time-full-year gross earn-

ngs (including the employers’ payroll tax) are between 3 and 30 “Basic

mounts ” of the pension system (denoted “G ” in Norway, and 1 G is ap-

roximately equal to NOK 100,000 ( € 10,000) in 2020). 3 We also drop

bservations belonging to the top percentile in the distribution of em-

loyment growth (2673 firm-year observations with growth larger than

60%), as we suspect that these observations are dominated by unob-

erved mergers, acquisitions, or other organizational changes unrelated

o aging of the workforce. 

Fig. 1 shows how the fractions of elderly (age 63–67) workers have

eveloped in firms with and without AFP affiliation during the years be-

ore and after the reform, measured in terms of full-time equivalents. For

omparison, it also shows “predicted fractions ”, where the predictions

re based on the fraction of age 58–62 workers the firms had five years

arlier, assuming a constant ratio (at the pre-reform level) between the

revious age 58–62 and the current age 63–67 fractions. We note that

ithout changes in labor supply behavior, we would predict a decline

n the fraction of age 63–67 workers in both AFP and non-AFP firms.

he main reason for this is a demographic transition caused by the re-

uced influence of the large cohorts born just after the Second world war

the number of births dropped by 15% between 1946 and 1951). Com-

ared to these predictions, we see that the fraction of elderly workers

as increased by approximately 0.7–0.8 percentage point in AFP affili-

ted firms and dropped by approximately 0.2–0.4 percentage points in

on-affiliated firm. While the former has already been shown to be a

esult of the improved work incentives for workers with access to AFP,

he latter is likely to be related to the introduction in 2011 of the op-

ortunity to start drawing on the public pension (at actuarially neutral

onditions) already at age 62 instead of at age 67. As it is the differen-

ial employment trends for AFP and non-AFP affiliated elderly workers

hat identify the effects of interest in our analysis, the negative employ-

ent trend for elderly workers in non-affiliated firms actually provides

 separate contribution to identification. 

Table 1 , columns I and II, shows some descriptive characteristics

or firms with and without AFP-affiliation. It is evident that firms with

nd without AFP are quite different, particularly in terms of size. This

eflects that AFP is a result of an agreement between the major employer

nd employee associations in Norway, involving the more “organized ”

arts of the labor market. On average, AFP firms are three times larger

han non-AFP firms; hence even though they only make up 27% of the

ncluded firm-year observations, they encompass 52% of the person-

ears. 

Although it is possible to control properly for the direct influences

f differences in firm size and other characteristics, it appears probable

hat the associations between age composition and firm outcomes may

ary considerably across heterogeneous firms. Hence, we would have
2 Since firms’ AFP-affiliation is not observed before 2007, we cannot identify 

FP-affiliation for firms that do not survive until this year. 
3 We suspect that average earnings levels outside these ranges have resulted 

rom over –or underreported labor inputs, most likely due to errors in the 

ecorded start or stop dates for employment spells or in the registered number 

f contracted hours. 
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Fig. 1. Share of workers age 63–67 in firms with and without AFP affiliation. 

Note: Data include all economically active (at least 1 full-time-full-year-equivalent employee) firm-year observations for firms with at least 5 full-time-full-year- 

equivalent employees five years before. Observations with unreasonable wage costs per person-year have been dropped (1.9%). Unreasonable wage cost are defined 

as having average person-year costs below approximately NOK 300,000 or above 3000,000, measured in 2020-value). The number of firm-year observations is 

265,317. 

Table 1 

Descriptive statistics firms. 

Before matching After matching 

I 

Without AFP 

II 

With AFP 

III 

Without AFP 

IV 

With AFP 

# Person-years in base-year 16.71 54.37 35.16 36.85 

# Person-years in outcome year 18.20 55.29 37.44 38.64 

Base-year wage costs per person-year (1000 NOK) 629.45 618.71 627.82 608.72 

Base-year profit per person-year (1000 NOK) 210.19 243.00 218.02 229.91 

Firm age in outcome year (years) 18.40 22.35 20.69 21.99 

Fraction of person-years in age group (outcome year) 

Age < 30 0.22 0.20 0.22 0.22 

Age 30–62 0.73 0.75 0.72 0.73 

Age 63–67 0.04 0.04 0.05 0.04 

Age > 67 0.01 0.01 0.01 0.01 

Selected industries (fraction of firms) 

Construction 0.17 0.19 0.22 0.22 

Wholesale 0.13 0.06 0.07 0.07 

Retail 0.11 0.09 0.11 0.11 

Financial services 0.12 0.05 0.06 0.06 

Health care services 0.05 0.03 0.04 0.04 

Care repair, petrol stations etc. 0.07 0.07 0.08 0.08 

# firm-year observations 192,440 70,204 59,366 ∗ 

(165,681) 

59,366 

∗ After matching, there are a total of 165,681 firms non-AFP firms included, with weights such that the number ads up to 59,366. 
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iked the characteristics of AFP and non-AFP firms to be more similar.

o achieve such similarity, we perform a matching exercise, with exact

atching on three key base-year characteristics: i) firm size category

with the following 21 categories based on the number of person-years:

–6,…,18–19, 20–30,…,40–50, 50–100, 100–500, 500–1000, > 1000),

i) predicted category of age 63–67 fraction (with the following 11 cat-

gories: 0%, 0–10%,…,90–100%), and iii) industry (two digit ISIC; ap-

roximately 85 categories in our data). For each AFP-firm-year obser-

ation we identify all matches among non-AFP-firms that satisfy these

hree criteria, and if there is more than one match, we include them all

ith equal weights adding up to one. If there is no match, we delete

he observation. We also delete unmatched non-AFP firms. The result

s given in Table 1 , columns III and IV. There are 10,838 observations

15.4%) of AFP-firms that do not have a satisfactory match among non-

FP firms. Hence we end up with 59,366 observations of AFP as well as

on-AFP firms. In a sensitivity analysis below, we will show that firm

ize is the most critical matching variable. 
4 
. Event study 

To assess the validity of our identification strategy, we perform an

vent study, encompassing all outcomes of interest, including the en-

ogenous fraction of elderly workers. Let 𝑦 𝑗𝑡 be an outcome measured

or a firm j in year t, let 𝑆 𝑡 be a calendar year dummy variable equal to 1

n year t , and let 𝐴 𝑗 be a dummy variable equal to 1 for firms affiliated

o the AFP early retirement program . Let 𝐿 58−62 
𝑗𝑡 −5 be the number of age

8–62 workers in the firm five years ago, which here represents the num-

er of potential age 63–67 workers in year t , as very few new workers

re hired at this age. Finally, let 𝐴𝐹 𝑃 58−62 
𝑗𝑡 −5 be the number of age 58–62

orkers in the firm five years ago who are eligible for AFP-retirement.

n firms affiliated to AFP, we will typically have that 𝐴𝐹 𝑃 58−62 
𝑗𝑡 −5 = 𝐿 58−62 

𝑗𝑡 −5 ,

hereas in non-affiliated firms 𝐴𝐹 𝑃 58−62 
𝑗𝑡 −5 = 0 . There will be exceptions

rom this pattern, however, as some workers have AFP-eligibility deter-

ined from main job in another firm. The event study has the following
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Fig. 2. Event study: The time variation in the effect of the fraction of potential AFP-retirees on the actual fraction of age 63–67 workers ( 𝛿𝐴𝐹𝑃 𝑡 in Eq. (1) , with 2011 

as reference) 

Note: The reported estimates are based on a single regression where the dependent variable is 𝐿 63−67 𝑗𝑡 ∕ 𝐿 𝑗𝑡 , i.e. the number of (fulltime-equivalent) workers aged 63–67 

divided by the total number of (fulltime-equivalent) workers in the same (outcome) year. The figure shows point estimates with 95% confidence intervals. Standard 

errors are clustered at the firm level. 
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4 Note that whereas Figure 2 shows effects on the fraction of workers in the age 

63-67 range (i.e., after endogenous responses in the overall number of workers 

have been accounted for), panel (c) in Figure 3 shows effects on the number 

(normalized by the employment level 5 years ago). 
tructure: 

 jt = 𝛾𝑗 
⏟⏟⏟
Firm fixed 

effect 

+ 𝜎0 𝑡 𝑆 𝑡 + 𝜎AFP 
𝑡 𝑆 𝑡 × 𝐴 𝑗 

⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟
Separate time effects for 

AFP 

+ 𝛽0 𝑡 𝑆 𝑡 ×
𝐿 58−62 

jt −5 

𝐿 jt −5 
⏟⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏟

Time 
− 

+ 𝛽AFP 𝐴 𝑗 ×
𝐿 58−62 

jt −5 

𝐿 jt −5 
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

Separate 
( time − invariant ) 

+ 𝜅AFP 𝐴 𝑗 ×
AF 𝑃 58−62 

jt −5 

𝐿 jt −5 
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

Separate 
( time − invariant ) 

+ 𝛿AFP 
𝑡 𝑆 𝑡 ×

AF 𝑃 58−62 
jt −5 

𝐿 jt −5 
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

Time 
− 

+ 𝜀 jt 
⏟⏟⏟
Residual 

, (1) 

here 𝐿 𝑗𝑡 −5 is the total number of (full-time-equivalent) workers in firm

 five years ago. In order to avoid outlier-problems and excess influ-

nce of a small number of very large firms, we scale all the employment

ariables by the initial (base-year) total employment level in the firm.

otivated by the large heterogeneity in firm characteristics, we include

rm-fixed effects ( 𝛾𝑗 ) in the model. The use of firm fixed effects also mit-

gates the potential selection problem created by the condition of firm

urvival until the outcome year. 

The coefficient of primary interest in the event study is 𝛿𝐴𝐹𝑃 𝑡 , which

aptures how the influence of the fraction of potential AFP-retirees

hanges over time. Note that with controls for 𝐿 58−62 
𝑗𝑡 −5 ∕ 𝐿 𝑗𝑡 −5 interacted

oth with time dummy variables and with a (time-invariant) indicator

or AFP-firm, and with separate time dummy variables for AFP and non-

FP firms, identification of 𝛿𝐴𝐹𝑃 𝑡 relies on a difference-in-differences

trategy. It captures the extra effect of the fraction of potential AFP re-

irees in each year, over and above the effects of the fraction of potential

ge 63–67 workers (irrespective of AFP entitlement) and of the firm’s

FP status. 

Fig. 2 first shows the estimated effects of the fraction of potential

FP retirees ( ̂𝛿𝐴𝐹𝑃 𝑡 in Eq. (1) , 𝑡 = 2007 , ..., 2018 ) on the actual fraction of

ge-63–67-workers ( 𝐿 63−67 𝑗𝑡 ∕ 𝐿 𝑗𝑡 ) , with 2011 as the reference year. This

s the last year for which we do not expect any reform influence at age

3 (or higher), as none of the potential AFP retirees had yet been treated

y the reform. From 2012 to 2015, the fraction of treated rises year-by-

ear, and from 2016, all potential AFP retirees had been treated. The

stimates reported in Fig. 2 confirm that the impact of having workers in

he group of potential AFP-retirees build up gradually after the reform.
5 
hese relationships will later form the basis for the first-stage-equation

n an instrumental variables analysis. 

Fig. 3 shows how the fraction of potential AFP retirees is estimated to

ave affected the number of (full-time-equivalent) employees in differ-

nt age groups. These effects are derived from regressions where we use

s dependent variable the number of workers in a particular age group

n the outcome year divided by the total number of workers in the base-

ear; hence the reported 
⌢ 

𝛿
𝐴𝐹𝑃 

𝑡 coefficients can be interpreted directly in

erms of actual numbers. Panel (c) shows the estimated effects for the

irectly affected workers. 4 Again, we see that the effects build up grad-

ally from 2012, in accordance with the rising share of reform-treated

orkers. The resultant increase in the employment of elderly workers

ppears to have been offset by a reduction in the number of young (be-

ow age 30) workers ((panel (a)). Overall, employment appears to have

een largely unaffected. 

As noted in the introduction, examination of labor productivity en-

ails serious measurement problems. Our preferred indicator of produc-

ivity is value added (measured as total wage costs including payroll

axes plus profits) per person-year. However, the timing of realized prof-

ts may not correspond to the timing of actual value creation, and many

ighly valuable firms run deficits for several years before the economic

eturns materialize in the form of profits. Hence, there is a lot of noise in

ur value added measure. We therefore also use other proxies for labor

roductivity, including total wage costs per unit of labor and total sales

er unit of labor. The wage level is an appropriate productivity-indicator

nsofar as labor is paid its marginal product, but problematic in our con-

ext if implicit contracts entail higher-than-productivity wages for older

orkers ( Lazear, 1979 ). 

Fig. 4 reports estimates indicating how the fraction of poten-

ial AFP retirees for each year have influenced overall wage costs,

alue added, and total sales per unit of labor, all defined as natu-

al logs of the respective ratios. To circumvent problems related to
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Fig. 3. Event study: The time variation in the effect of the fraction of potential AFP-retirees on the number of workers in outcome year relative to base-year ( 𝛿𝐴𝐹𝑃 𝑡 
in Eq. (1) , with 2011 as reference). By age group. 

Note: The dependent variable is the number of fulltime-equivalent workers (FTE) in the respective age group divided by the total number of (fulltime-equivalent) 

workers in the base-year (five years before the outcome year). For example, in panel (c), the dependent variable is 𝐿 63−67 𝑗𝑡 ∕ 𝐿 𝑗𝑡 −5 . The figure shows point estimates 

with 95% confidence intervals. Standard errors are clustered at the firm level. 

Fig. 4. Event study: The time variation in the effect of the fraction of potential AFP-retirees on the relative growth in wage costs (panel a) and value added (panel 

b) per person-year ( 𝛿𝐴𝐹𝑃 𝑡 in Eq. (1) , with 2010 as reference). 

Note: In the regression reported in panel (a), the dependent variable is the (the log of) firms’ total wage costs divided by the total number of (full-time-equivalent) 

workers, both measured in the outcome year. In panel (b) the dependent variable is (the log of) value added (the sum of total wage costs and total profits) divided 

by the total number of (full-time-equivalent) workers. In the value-added-analysis, we have shaved the sample by dropping observations with negative value added 

or with value added exceeding 3 times the wage cost (2.9% of the sample). In panel (c) the dependent variable is (the log of) total sales divided by the total number 

of (full-time-equivalent) workers. In the sales-analysis, we have shaved the sample by dropping observations with negligible sales (below 1 G) or sales exceeding 20 

times the wage cost (4.5% of the sample). The figure shows point estimates with 95% confidence intervals. Standard errors are clustered at the firm level. 
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omputing the log of non-positive numbers and to avoid excessive

utlier influence, we have shaved the samples used in the analyses

f value added and sales somewhat; see the note to Fig. 4 for de-

ails. Although none of the estimates reported in Fig. 4 are statis-

ically significant in isolation (at the conventional 5%-level), it ap-

ears to be a pattern that the estimated effects on both wage costs,

alue added, and sales have become gradually more positive after the
eform. t  

6 
. Instrumental variables analysis 

We now turn to the regression analysis where our aim is to exploit

he data more efficiently in order to answer two research questions. The

rst is how an exogenously imposed change in the number of aged work-

rs affect the demand for workers in other age groups and the firm’s total

mployment. The endogenous regressor in this case is 𝐿 63−67 𝑗𝑡 ∕ 𝐿 𝑗𝑡 −5 ; i.e.

he number of elderly workers actually employed in the outcome year
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Table 2 

First stage estimates for the endogenous variables in Eqs. (3) and (4) (standard 

errors in parentheses). 

I 

Number of elderly (age 

63–67) employees 

II 

Fraction of elderly(age 

63–67) employees 

𝐿 63−67 𝑗𝑡 ∕ 𝐿 𝑗𝑡 −5 𝐿 63−67 𝑗𝑡 ∕ 𝐿 𝑗𝑡 

𝐴𝐹𝑃 𝑇𝑅𝐸𝐴𝑇 𝑗𝑡 ∕ 𝐿 𝑗𝑡 −5 0.140 ∗ ∗ ∗ 

(0.018) 

0.130 ∗ ∗ ∗ 

(0.016) 

R-squared 0.738 0.740 

F(1,34,271) 58.82 70.16 

N 217,960 217,960 

Note: Standard errors are clustered at the firm level. ∗ / ∗ ∗ / ∗ ∗ ∗ indicates statistical 

significance at the 10/5/1 percent level. 

Table 3 

Second stage estimates (standard errors in parentheses). Employment ( Eq. (3) ). 

I 

Number of young 

(below age 30) 

employees 

II 

Number of 

middle-aged (age 

30–62) employees 

III 

Total number of 

employees 

𝐿 < 30 𝑗𝑡 ∕ 𝐿 𝑗𝑡 −5 𝐿 30−62 𝑗𝑡 ∕ 𝐿 𝑗𝑡 −5 𝐿 𝑗𝑡 ∕ 𝐿 𝑗𝑡 −5 

𝐿 63−67 𝑗𝑡 ∕ 𝐿 𝑗𝑡 −5 − 0.857 ∗ ∗ ∗ 

(0.321) 

− 0.623 

(0.575) 

− 0.760 

(0.779) 

Made up by: 

…entry of new 

workers 

− 0.789 ∗ ∗ ∗ 

(0.304) 

− 0.412 

(0.485) 

− 1.181 ∗ 

(0.677) 

…continuation 

of existing 

workers 

− 0.068 

(0.093) 

− 0.212 

(0.289) 

0.422 

(0.321) 

R-squared (total 

effect) 

0.698 0.605 0.526 

N 217,960 217,960 217,960 

Note: Standard errors are clustered at the firm level. ∗ / ∗ ∗ / ∗ ∗ ∗ indicates statistical 

significance at the 10/5/1 percent level. 
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normalized by total employment five years ago). The second research

uestion is how the resultant fraction of elderly workers in the outcome

ear affects various indicators of firm productivity. Here, 𝐿 63−67 𝑗𝑡 ∕ 𝐿 𝑗𝑡 is
he endogenous regressor (i.e., the number of elderly workers as frac-

ion of current total employment). The instrument is in both cases the

redicted number of reform-treated AFP-eligible workers divided by

he number of employees five years ago; i.e. 𝐴𝐹 𝑃 𝑇𝑅𝐸𝐴𝑇 𝑗𝑡 ∕ 𝐿 𝑗𝑡 −5 , where

𝐹 𝑃 𝑇𝑅𝐸𝐴𝑇 𝑗𝑡 is defined as follows: 

F 𝑃 TREAT 
jt 

= 0 , if 𝑡 = 2007 , 2008 , 2009 , 2010 , 2011 , 

= AF 𝑃 58 
jt −5 , if 𝑡 = 2012 , 

= AF 𝑃 58 
jt −5 + AF 𝑃 59 

jt −5 , if 𝑡 = 2013 , 

= AF 𝑃 58 
jt −5 + AF 𝑃 59 

jt −5 + AF 𝑃 60 
jt −5 , if 𝑡 = 2014 , 

= AF 𝑃 58 
jt −5 + AF 𝑃 59 

jt −5 + AF 𝑃 60 
jt −5 + AF 𝑃 61 

jt −5 , if 𝑡 = 2015 , 

= AF 𝑃 58 
jt −5 + AF 𝑃 59 

jt −5 + AF 𝑃 60 
jt −5 + AF 𝑃 61 

jt −5 + AF 𝑃 62 
jt −5 , 

if 𝑡 = 2016 , 2017 , 2018 . 

(2) 

The regression equations for the employment outcomes have the fol-

owing structure: 

𝐿 𝑗𝑡 
𝐿 𝑗𝑡 −5 

= 𝛾𝑗 + 𝛿
𝐿 63−67 𝑗𝑡 
𝐿 𝑗𝑡 −5 
⏟⏟⏟
Endogenous 

+ 𝜎0 𝑡 𝑆 𝑡 + 𝜎𝐴𝐹𝑃 𝑡 𝑆 𝑡 × 𝐴 𝑗 + 𝛽0 𝑡 𝑆 𝑡 ×
𝐿 58−62 
𝑗𝑡 −5 

𝐿 𝑗𝑡 −5 
+ 𝛽𝐴𝐹𝑃 𝐴 𝑗 

×
𝐿 58−62 
𝑗𝑡 −5 

𝐿 𝑗𝑡 −5 
+ 𝜅𝐴𝐹𝑃 𝐴 𝑗 ×

𝐴𝐹 𝑃 58−62 
𝑗𝑡 −5 

𝐿 𝑗𝑡 −5 
+ 𝜌0 
𝐿 𝐶𝑂𝑁𝑇𝑅 𝑗𝑡 

𝐿 𝑗𝑡 −5 
+ 𝜁𝑗𝑡 (3) 

here 𝐿 𝐶𝑂𝑁𝑇𝑅 𝑗𝑡 is defined analogous to 𝐴𝐹 𝑃 𝑇𝑅𝐸𝐴𝑇 𝑗𝑡 with 𝐿 𝐴𝐺𝐸 
𝑗𝑡 −5 substi-

uted for all 𝐴𝐹 𝑃 𝐴𝐺𝐸 
𝑗𝑡 −5 terms in Eq. (2) , and included to make sure that

e control for the age-structure variables with exactly the same func-

ional form as we use for the AFP eligibility variables. In Eq. (3) , the

utcome is specified as total employment in the outcome year relative

o the base-year, but we will also estimate models where the outcome is

mployment in particular age groups, such that the numerator in the

eft-hand-side variable is either 𝐿 < 30 𝑗𝑡 or 𝐿 30−62 𝑗𝑡 . In addition, we esti-

ate separate models for the number of person-years associated with

ewly hired workers (workers that were not employed in the firm five

ears ago) and the corresponding number associated with employees

hat were in the firm also in the base-year. 
In the productivity and wage cost analysis, the regression equations

ave the following structure: 

og 
𝑉 𝐴 𝑗𝑡 
𝐿 𝑗𝑡 

= 𝛾𝑗 + 𝛿
𝐿 63−67 𝑗𝑡 
𝐿 𝑗𝑡 
⏟⏟⏟
Endogenous 

+ 𝜎0 𝑡 𝑆 𝑡 + 𝜎𝐴𝐹𝑃 𝑡 𝑆 𝑡 × 𝐴 𝑗 + 𝛽0 𝑡 𝑆 𝑡 ×
𝐿 58−62 
𝑗𝑡 −5 

𝐿 𝑗𝑡 −5 
+ 𝛽𝐴𝐹𝑃 𝐴 𝑗 

×
𝐿 58−62 
𝑗𝑡 −5 

𝐿 𝑗𝑡 −5 
+ 𝜅𝐴𝐹𝑃 𝐴 𝑗 ×

𝐴𝐹 𝑃 58−62 
𝑗𝑡 −5 

𝐿 𝑗𝑡 −5 
+ 𝜌0 
𝐿 𝐶𝑂𝑁𝑇𝑅 𝑗𝑡 

𝐿 𝑗𝑡 −5 
+ 𝜁𝑗𝑡 (4) 

where 𝑉 𝐴 𝑗𝑡 denotes value added in the outcome year. Here, we have

pecified value added as the outcome, but we also estimate Eq. (4) with

log) wage costs and (log) total sales as outcomes. Note that the only dif-

erence between the right-hand-sides of Eqs. (3) and (4) is the denomina-

or in the endogenous explanatory variable of interest. The exclusion re-

triction is that, given the control variables included in Eqs. (3) and (4) ,

he fraction of potential reform-treated AFP-retirees affects the outcome

f interest only through its influence on the actual number or fraction of

ge 63–67 workers. This assumption could be violated if higher employ-

ent among the elderly also changed the demand for goods and services

ifferently for different industries. Given the relatively small share of el-

erly employees (4% of all person-years), we expect such general equi-

ibrium effects to be small, at least in the short run. However, we do pro-

ide a validity assessment below by adding into the models alternative

extensive) control variable sets. In particular, to account for possible

symmetric influences on product demand, we include industry-by-year

ummy variables. 
7 
Table 2 first presents results for the first stage analysis. They show

hat the instrument has a significant and powerful impact on the endoge-

ous regressors. The point estimate of 0.14 implies that the reform raised

mployment among the treated workers by approximately 14 percent-

ge points. This estimate is somewhat lower than the effects reported

y both Hernæs et al. (2016) and Andersen et al. (2021) , most likely

eflecting that our prediction of “potential AFP retirees ” is based on

mployment as much as five years before and hence include a larger

raction of persons who in practice never become eligible for AFP. This

mplies that 𝐴𝐹 𝑃 𝑇𝑅𝐸𝐴𝑇 𝑗𝑡 is measured with error, such that our first stage

esults may be subjected to attenuation bias. 

Table 3 shows second stage results for the employment regressions.

he estimates indicate that for each additional person-year in the age

3–67 group, the number of person-years in the below-age-30 group is

educed by 0.86; hence our results imply almost full displacement of

ounger workers. Unsurprisingly, this effect is fully accounted for by

educed hiring of new workers. The impacts on the number of middle-

ged workers as well as on total employment are estimated with too

uch statistical uncertainty for any conclusions to be drawn. What we

an say is that we do not find any evidence in support of significant

ffects on total employment in either direction, but that the hiring of

ew workers definitely decline. For middle-aged workers it may also be

oted that the IV point estimates are negative, in contrast to the small

ositive point estimates reported in the event study ( Fig. 3 , panel b). This

pparent discrepancy is most likely related to the (somewhat arbitrary)

hoice of pre-reform reference year in the event study analysis. 

Table 4 presents our main results regarding wage costs and labor pro-

uctivity. Again, the statistical uncertainty is considerable. Yet, there is

trong evidence that wage costs rise with the fraction of elderly workers
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Table 4 

Second stage estimates (standard errors in parentheses). Wage costs, value 

added, and total sales ( Eq. (4) ). 

I 

Wage costs per 

unit of labor 

input 

II 

Value added per 

unit of labor 

input 

III 

Total sales per 

unit of labor 

input 

log ( 𝑊 𝐶 𝑗𝑡 ∕ 𝐿 𝑗𝑡 ) log ( 𝑉 𝐴 𝑗𝑡 ∕ 𝐿 𝑗𝑡 ) log ( 𝑇 𝑆 𝑗𝑡 ∕ 𝐿 𝑗𝑡 ) 

̂𝐿 63−67 𝑗𝑡 ∕ 𝐿 𝑗𝑡 0.602 ∗ ∗ ∗ 

(0.233) 

0.783 

(0.563) 

0.540 

(0.581) 

R-squared 0.873 0.669 0.905 

N 217,960 211,573 208,097 

Note: Standard errors are clustered at the firm level. ∗ / ∗ ∗ / ∗ ∗ ∗ indicates statistical 

significance at the 10/5/1 percent level. See note to Fig. 4 for a description of 

sample construction. 
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5 The inclusion of industry-specific growth rates interacted with the fraction 

of elderly workers with and without AFP-entitlement is motivated by the possi- 

bility that business cycle fluctuations affected AFP and non-AFP workers differ- 

ently prior to the reform, as AFP sometimes was used by firms as a downsizing 

tool. 
6 In the baseline model for the value-added effect, we also shaved the sam- 

ple by dropping observations with negative value added or with value added 

exceeding 3 times the wage cost (2.9 % of the sample); see note to Figure 4 . If 

we include all observations with value added exceeding 3 times the wage costs, 

the results change very little (point estimate 0.92, with standard error 0.62). 

However, if we also include negative values by attributing the log-value of zero, 

the estimated effect becomes quite different and much more uncertain (point 

estimate − 0.59, with standard error 1.36). 
nd somewhat weaker evidence that labor productivity (measured both

y value added and by total sales per unit of labor input) also increases.

ased on the results reported in Table 4 , we can at least rule out large

egative productivity effects resulting from a larger share of age 63–67

orkers. Note that the coefficients reported in Table 4 are interpreted

s the effect of changing the fraction of elderly workers from 0 to 1,

hich is of course way outside the central range of variation. As seen

n Fig. 1 , the reform used to identify causality in our analysis raised

he fraction of age 63–67 workers by approximately 1 percentage point.

ccording to the point estimate reported in Table 4 , column II, such an

ncrease is expected to raise overall labor productivity by approximately

.8 percent. 

. Robustness 

As noted in previous sections, the analysis in this paper requires

daptations of the raw data in order to deal with challenges related to

easurement error, imperfect productivity indicators, large differences

etween treated and non-treated firms, highly skewed distributions of

ependent as well as explanatory variables, and extreme outlier obser-

ations. Since these adaptations can be done in many ways, and involve

everal (subjective) choices of variable value “thresholds ”, they also in-

olve risks of results-seeking data-mining. Thus, the standard tools of

tatistical inference may be undermined. 

To assess the empirical relevance of such concerns, we now present

esults for a number of alternative data adaptations. The idea is not to

how that “everything is robust ” and that we would have reached the

ame conclusions regardless of data adaptation choices (which we would

ot), but rather to illuminate which choices that have been important

or our findings and which have not. Our hope is that this exercise can

orm the basis for an informed assessment of the evidence. 

The adaptation of the data in this paper involves two major steps.

he first is the sample inclusion criteria, which in our case involves deci-

ions regarding a lower and upper threshold on firm’s annual wage costs

elative to the reported number of hours worked (measured in full-time-

ull-year-equivalents). The second step is the algorithm that matches

on-AFP to AFP firms. In addition, important discretionary choices are

ade with respect to the inclusion of control variables. In the mod-

ls reported in Sections 4 and 5, we have added no control variables

ther than those explicitly included in Eqs. (1) , (3) , and (4) ; i.e., apart

rom the firm-fixed effects, we have only included covariates required

or valid difference-in-differences identification. In the present section,

e will add to the models extensive sets of covariates in two steps. In

he first step, we include covariates describing the firms’ base-year situa-

ion (firm age, firm size, age composition of employees, value added and

ales per employee), and in the second step, we add industry-by-year and

rm-size-by-year fixed effects and industry-specific current growth rates

from the last year to the outcome year) in wage costs, value added and

mployment, each term interacted with the firm’s base-year fractions
8 
f elderly (age 58–62) workers with and without AFP-entitlement; see

ote to Fig. 5 for details. 5 

We focus exclusively on the instrumental variables estimates in this

ection, and for expository reasons, we present the estimates graphi-

ally, with confidence “fans ” (rather than the more standard confidence

ntervals) to provide a more comprehensive picture of statistical uncer-

ainty. 

Fig. 5 first shows results for the sample used in the previous section,

ut with alternative control variable sets. For comparison, the leftmost

ar in each panel (labelled Firm FE) repeats the baseline estimates al-

eady reported in Tables 3 and 4 . The next two bars show results ob-

ained when we include base-year firm controls (second bar) and then

lso add in business-cycle-by-industry controls (third bar). A conclusion

rom this exercise is that the incorporation of these extra control vari-

bles changes almost nothing. Moving on to the three next bars, the

ame exercise is repeated, only this time without firm-fixed effects. It

s clear that not all our findings are robust with respect to this modifi-

ation of the model. In particular, we now find indications of negative

ffects on total (as well as middle aged) employment, and the estimated

ositive effect on value added disappears. 

We then examine the impacts of modifying the sample inclusion cri-

eria used to eliminate observations with inconsistent records on wage

osts and labor input. Fig. 6 shows results based on alternative thresh-

lds at the bottom (to the left of the vertical stapled line) and the top,

ith the thresholds marked at the horizontal axis. Although point esti-

ates as well as statistical uncertainty varies somewhat across the dif-

erent samples, the bottom line here is that our estimation results are

obust with respect to the data inclusion criteria. 6 

Finally, we look at the consequences of modifying the matching algo-

ithm. In the baseline analysis, we used three exact (categorized) match-

ng criteria; i.e., firm size, fraction of elderly workers in the base-year,

nd industry (at two-digit ISIC level). Fig. 7 illustrates the consequences

f removing each criterion separately and of dropping the matching ex-

rcise completely. A first point to note here is that our results would not

ave been the same had we not used a matched sample of firms. This is

articularly evident for the estimated effects on employment levels. It

lso appears that the most critical matching variable is firm size. 

Viewed as a whole, we conclude that the main results presented in

his paper are robust with respect to the inclusion of a wide range of

ovariates, but that two of the choices made during data adaptation and

odeling are important for the estimated employment effects, namely

he matching on firm size and the inclusion of firm-fixed effects. We will

rgue, however, that both these choices are well founded. Firm size is

ost likely correlated with range of (unobserved) firm characteristics,

ith implications for subsequent paths of outcomes; hence, large dif-

erences in the size distributions of treated and non-treated firms may

hallenge the identifying assumptions. Firm fixed effects are important

o deal with potential selection problems arising from our implicit as-

umption of firm survival from the base-year to the outcome year (five

ears later). The estimated effects on wage costs, value added, and sales

re less sensitive to data adaptation and modeling choices, although the

arge statistical uncertainty haunting all our specifications makes it dif-
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Fig. 5. Instrumental variables estimates with alternative control variable sets (with confidence fans). 

Note: The model denoted “Firm FE ” is the baseline model used in the previous section. The model denoted “OLS ” is the same, only without firm-fixed effects. “Firm 

controls ” include 26 firm age dummy variables (5,6,..,29, > 29), age composition (fractions 20–29, 30–62, and 63–67), number of person-years interacted with year 

dummy variables, log wage costs per employee interacted with year dummy variables, and log value added per employee interacted with year dummy variables. “BC 

controls ” include dummy variables for industry (2-digit ISIC) interacted with year dummy variables, industry-specific growth rates last year for wage costs, value 

added and employment, all interacted with the fractions of age 58–62-workers with and without AFP-entitlement. 

Fig. 6. Instrumental variables estimates with alternative sample selection criteria (with confidence fans) 

Note: The estimates to the left of the vertical stapled lines are based on alternative lower data inclusion thresholds on total wage costs per full-time-full-year-equivalent 

worker. The thresholds are measured in G, which is the wage-growth-adjusted Basic amount used in the social insurance system in Norway (1 G is approximately 

equal to NOK100,000/ €10,000 in 2020). The estimates to the right of the stapled lines are based on alternative upper limits. The sample selection criteria used in 

the baseline model are marked on the horizontal axis with ∗ . Apart from differences in samples, all estimates are based on the model described in Section 5; i.e. the 

models denoted “Firm FE ” in Fig. 5 . 
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cult to draw definite conclusions. It is notable, though, that none of

he models estimated in this paper indicate negative effects of aging on

ny of these outcomes. 

. Heterogeneity 

As noted in the introduction, we expect the relationship between

ge composition and firm outcomes to vary across firms with different
9 
roduction technology. In particular, the degree of complementarity be-

ween workers of different ages is critical for the way we expect post-

oned retirement of older workers to affect the demand for younger

abor. To shed some light on possible heterogeneity in the influence of

ging, we estimate separate effects for firms expected to differ along

he dimension of complementarity. To describe the expected degree of

omplementarity between young and old labor, we use three alterna-

ive proxies defined at the industry level. The first is the steepness of
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Fig. 7. Instrumental variables estimates with alternative matching algorithms (with confidence fans) 

Note: The reported estimates are based on samples constructed from alternative criteria for the matching of non-AFP to AFP firms. In the Baseline model (from 

Section 5), data are matched based on firm size, the fraction of elderly workers, and industry. Bars 2–4 counted from the left show estimates when each of these 

matching criteria are dropped (but the other two maintained). The bars to the right show estimates when the data are used directly without any matching at all. 

Sample sizes (before any trimming) vary across the different panels, from 225,047 in the baseline model to 265,317 in the model without matching; see Table 1 . 

Fig. 8. Instrumental variables estimates for firms belonging to different industries (with confidence fans) 

Note: The reported estimates are based on the baseline sample, but grouped into subsamples with separate regressions for each subsample. In the two models to the 

left (low and high AR ind.), the firms are grouped into industries with large and small age-difference in the wage rates (above and below the median). In the next two 

models (low and high ED ind.) firms are grouped into industries with high and low average education among its employees (over and above the median). Finally, in 

the two models to the right (low and high VS ind.), firms are grouped into industries with high and low within-firm variation in the age composition. 
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he age profile in wages (computed as the ratio of the average wage rate

or workers aged 50–65 and workers aged 20–34 at the industry level).

he idea is that large wage differences between different age groups

ndicate that young and old workers are indeed different, suggesting a

otential role for complementarity. The second proxy is the average ed-

cation level at the industry level. A higher education level indicates

ore sophisticated production technology and perhaps a larger role for

xperience relative to physical strength. The third proxy is the observed

egree of age variation within firms in each industry. More specifically,

e decompose the overall age variation among employees in each in-
10 
ustry into a within-firm and an across-firm component. We then use the

raction of overall variance accounted for by the within-firm component

s a proxy for potential young-old complementarity. Based on each of

hese three proxies, we divide the sample of firm-year observations into

wo equally large subsamples – below and above the median. 

We realize that our proxies for the degree of complementarity be-

ween workers of different ages may be correlated to other industry

haracteristics that potentially are important for the structure of labor

emand. Hence, we see this exercise primarily as an attempt to examine

hether the patterns of estimated effects are consistent with a comple-
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entarity story, and not as strategy for producing decisive evidence for

he importance of complementarity. 

The results are presented in Fig. 8 . Again, large confidence fans call

or cautious interpretation, but there appears to be a pattern that in in-

ustries with high potential age complementarity, we do not find that

he added elderly workers imply reduced demand for other age groups.

ence, overall employment in these industries appears to increase in

esponse to postponed retirement. In these cases, we also find no effects

n average wage costs and no (or very small) effects on productivity. By

ontrast, in firms characterized by more substitutability, we find nega-

ive effects on the demand for other age groups as well as for total labor

emand, and indications of positive effects on wage costs and productiv-

ty. A plausible interpretation is that older and younger workers perform

imilar tasks in these firms, but that older and more experienced workers

re both more costly and more efficient. 7 

. Conclusion 

In the present paper, we have used a policy-induced shift in the labor

upply of elderly (age 63–67) workers to examine how a larger num-

er/share of older workers affects labor productivity and the demand

or younger workers. Our results are generally imprecise, but point esti-

ates indicate that increased retention of older workers tend to slightly

mprove a firm’s labor productivity in the short run. Although the in-

ividual estimates are subjected to considerable modeling as well as

tatistical uncertainties, we believe that, viewed as a whole, our find-

ngs should alleviate concerns that the aging of the workforce represent

 drag on labor productivity. However, concerns that policies leading

o postponed retirement of elderly workers may hurt employment op-

ortunities for younger people are to some extent substantiated by our

ndings, at least in the short run. Higher employment among the elderly

s offset by reduced hiring of young workers, ceteris paribus. The esti-

ated impacts on total employment are particularly imprecise; hence

e cannot rule out effects in either direction. 

The average responses conceal considerable heterogeneity, particu-

arly with respect to the firms’ production technology. Based on alter-

ative proxy variables, we have attempted to divide the population of

rms into subsamples distinguished by the expected degree of comple-

entarity between young and old workers. In firms expected to have

igh degree of complementarity, we find positive effects on employ-

ent, but negligible effects on average wage costs and productivity. In

rms with low degree of complementarity, we find negative effects on

mployment and positive effects on both wage costs and productivity. 
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