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Why is this topic relevant? 

2Source: OECD Data Explorer. 



Data – Linked Employer-Employee Data Analysis (LEDA)

Firms
Structural Business Statistics Survey 
(LSE - RE)

firm size, investments, total value 
added, personnel costs, legal status, 
region, OENACE, year of foundation, 
some inventory, ...
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Individuals
Register-based Labour Market Statistics 
(AEST REGZ)

age, gender, education level and field, 
nationality, part-time/full-time, occupation 
status (self-employed/employed/parental 
leave/etc.), number of children, ...

(1) Individuals are linked to firms & (2) staff information is aggregated to firm level

Result: firm-level data (2013-2022)
~250.000 firms with ~2 million actively working individuals per year

Full list of firm characteristics, workforce characteristics and NACE sectors



Research Questions 

What is the relationship between productivity and the age 
composition of the workforce at the firm level?

How does this relationship vary with firm heterogeneity, such as 
firm size or sector?

What role does the educational attainment of the workforce play?
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Model & Methodology I
production, where the most important input factors are capital and labour: 

𝑌𝑌𝑓𝑓 = 𝐴𝐴𝑓𝑓𝐾𝐾𝑓𝑓𝛼𝛼𝐿𝐿𝑓𝑓1−𝛼𝛼

here we assume that labour is heterogeneous across age groups:
𝐿𝐿𝑓𝑓 = 𝜃𝜃𝑦𝑦𝐿𝐿𝑓𝑓𝑓𝑓 + 𝜃𝜃𝑝𝑝𝐿𝐿𝑓𝑓𝑓𝑓 + 𝜃𝜃𝑜𝑜𝐿𝐿𝑓𝑓𝑓𝑓

By dividing by 𝐿𝐿𝑓𝑓 and assuming ln 1 + 𝑥𝑥 ≈ 𝑥𝑥, we obtain: 

ln
𝑌𝑌𝑓𝑓
𝐿𝐿𝑓𝑓

= 𝛼𝛼 ln
𝐾𝐾𝑓𝑓
𝐿𝐿𝑓𝑓

+ 𝛽𝛽𝑦𝑦𝑠𝑠𝑓𝑓𝑓𝑓 + 𝛽𝛽𝑝𝑝𝑠𝑠𝑓𝑓𝑓𝑓 + 𝛽𝛽𝑜𝑜𝑠𝑠𝑓𝑓𝑓𝑓 + ln𝐴𝐴𝑓𝑓 + 𝜀𝜀𝑓𝑓

When further decomposing 𝐴𝐴𝑓𝑓 into observed (firm- & workforce-level) controls and time shocks and 
drop the share of prime-aged workers as the reference group, we are left with the following for the 
regression:  

ln
𝑌𝑌𝑓𝑓
𝐿𝐿𝑓𝑓

= 𝛼𝛼 ln
𝐾𝐾𝑓𝑓
𝐿𝐿𝑓𝑓

+ 𝜷𝜷𝒚𝒚𝑠𝑠𝑓𝑓𝑓𝑓 + 𝜷𝜷𝒐𝒐𝑠𝑠𝑓𝑓𝑓𝑓 + 𝑍𝑍𝑓𝑓𝐹𝐹𝛾𝛾 + 𝑍𝑍𝑓𝑓𝑊𝑊𝛿𝛿 + 𝜔𝜔𝑡𝑡 + 𝜀𝜀𝑓𝑓
5



Model & Methodology II

𝒀𝒀𝒇𝒇
𝑳𝑳𝒇𝒇

 Labour Productivity

 def. as total value added per worker (in an extension per fte)
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𝑲𝑲𝒇𝒇
𝑳𝑳𝒇𝒇

 Capital per worker

 estimated based on investments and the perpetual inventory method

ln
𝒀𝒀𝒇𝒇
𝑳𝑳𝒇𝒇

= 𝛼𝛼 ln
𝑲𝑲𝒇𝒇

𝑳𝑳𝒇𝒇
+ �

𝑖𝑖=1

𝑁𝑁−1
𝑳𝑳𝒇𝒇𝒇𝒇
𝑳𝑳𝒇𝒇

𝛽𝛽𝑖𝑖 + 𝑍𝑍𝑓𝑓𝐹𝐹𝛾𝛾 + 𝑍𝑍𝑓𝑓𝑊𝑊𝛿𝛿 + 𝜔𝜔𝑡𝑡 + 𝜀𝜀𝑓𝑓

𝑳𝑳𝒇𝒇𝒇𝒇
𝑳𝑳𝒇𝒇

 Age Groups 

 

(1) Broad age groups (15-29, 30-49, 50+) 
(2) 5-year age groups
(3) Joint shares of age & education

Bayesian time-FE model for 

each NACE sector

to understand between-firm 

variation in labour productivity 

Annex: priors



Shortly about Bayesian Econometrics
ln

𝑌𝑌𝑓𝑓
𝐿𝐿𝑓𝑓

= 𝛼𝛼 ln
𝑲𝑲𝒇𝒇

𝑳𝑳𝒇𝒇
+ �

𝑖𝑖=1

𝑁𝑁−1
𝐿𝐿𝑓𝑓𝑓𝑓
𝐿𝐿𝑓𝑓

𝛽𝛽𝑖𝑖 + 𝑍𝑍𝑓𝑓𝐹𝐹𝛾𝛾 + 𝑍𝑍𝑓𝑓𝑊𝑊𝛿𝛿 + 𝜔𝜔𝑡𝑡 + 𝜀𝜀𝑓𝑓
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Central idea of Bayesian updating: 

𝑝𝑝 𝛽𝛽 𝑦𝑦 ∝ 𝑝𝑝 𝑦𝑦 𝛽𝛽 𝑝𝑝 𝛽𝛽

Likelihood Prior distributionPosterior distribution

Selection of priors
 Weakly informative priors for the variables of interest (i.e., age) 
 Priors for firm characteristics based on economic theory & similar studies



Prior on Capital 
ln

𝑌𝑌𝑓𝑓
𝐿𝐿𝑓𝑓

= 𝜶𝜶 𝒍𝒍𝒍𝒍
𝑲𝑲𝒇𝒇

𝑳𝑳𝒇𝒇
+ �

𝑖𝑖=1

𝑁𝑁−1
𝐿𝐿𝑓𝑓𝑓𝑓
𝐿𝐿𝑓𝑓

𝛽𝛽𝑖𝑖 + 𝑍𝑍𝑓𝑓𝐹𝐹𝛾𝛾 + 𝑍𝑍𝑓𝑓𝑊𝑊𝛿𝛿 + 𝜔𝜔𝑡𝑡 + 𝜀𝜀𝑓𝑓
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 hump-shaped relationship between age shares and productivity…
 …partly driven by extremes of the age distributions…

 …where low education may strengthen this negative relationship.

   These results differ by economic activity

Getting back to the bigger picture: 

ln
𝑌𝑌𝑓𝑓
𝑳𝑳𝒇𝒇

= 𝛼𝛼 ln
𝑲𝑲𝒇𝒇

𝑳𝑳𝒇𝒇
+ �

𝑖𝑖=1

𝑁𝑁−1
𝐿𝐿𝑓𝑓𝑓𝑓
𝑳𝑳𝒇𝒇

𝛽𝛽𝑖𝑖 + 𝒁𝒁𝒇𝒇𝑭𝑭𝛾𝛾 + 𝑍𝑍𝑓𝑓𝑊𝑊𝛿𝛿 + 𝜔𝜔𝑡𝑡 + 𝜀𝜀𝑓𝑓

 Firm characteristics – strongly related to productivity 
 Labour intensity – results differ when using per head or per fte measure

Results
ln

𝑌𝑌𝑓𝑓
𝐿𝐿𝑓𝑓

= 𝛼𝛼 ln
𝐾𝐾𝑓𝑓
𝐿𝐿𝑓𝑓

+ �
𝑖𝑖=1

𝑁𝑁−1
𝑳𝑳𝒇𝒇𝒇𝒇
𝑳𝑳𝒇𝒇

𝛽𝛽𝑖𝑖 + 𝑍𝑍𝑓𝑓𝐹𝐹𝛾𝛾 + 𝑍𝑍𝑓𝑓𝑊𝑊𝛿𝛿 + 𝜔𝜔𝑡𝑡 + 𝜀𝜀𝑓𝑓
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Results
ln

𝑌𝑌𝑓𝑓
𝐿𝐿𝑓𝑓

= 𝛼𝛼 ln
𝐾𝐾𝑓𝑓
𝐿𝐿𝑓𝑓

+ �
𝑖𝑖=1

𝑁𝑁−1
𝑳𝑳𝒇𝒇𝒇𝒇
𝑳𝑳𝒇𝒇

𝛽𝛽𝑖𝑖 + 𝑍𝑍𝑓𝑓𝐹𝐹𝛾𝛾 + 𝑍𝑍𝑓𝑓𝑊𝑊𝛿𝛿 + 𝜔𝜔𝑡𝑡 + 𝜀𝜀𝑓𝑓
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Spec. 1 – Broad age groups Spec. 2 – Narrow age groups Spec. 3 – Age & education



Further possible ML applications
ln

𝑌𝑌𝑓𝑓
𝐿𝐿𝑓𝑓

= 𝛼𝛼 𝑙𝑙𝑙𝑙
𝐾𝐾𝑓𝑓
𝐿𝐿𝑓𝑓

+ �
𝑖𝑖=1

𝑁𝑁−1
𝐿𝐿𝑓𝑓𝑓𝑓
𝐿𝐿𝑓𝑓

𝛽𝛽𝑖𝑖 + 𝑍𝑍𝑓𝑓𝐹𝐹𝛾𝛾 + 𝑍𝑍𝑓𝑓𝑊𝑊𝛿𝛿 + 𝜔𝜔𝑡𝑡 + 𝜀𝜀𝑓𝑓
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Clustering

 based on selected
characteristics such as age

 supports interpretation
regarding NACE-sector
similarities

Random Forests

 Partitioning of feature space
to obtain homogeneous
subsets for regression

 Coefficient on age shares may
depend on other firm 
characteristics

Smoothing splines

 Depart from linearity & one
coefficient for each variable

 Relates to idea of benefits of
age diversity disadvantage
of age concentration



oeaw.ac.at/vid
wittgensteincentre.org

 Inverse U-relationship between Ageing and Productivity

 More decisive: capital, technology, firm size, age of the firm

On a more general note 

 Socio-demographic composition of age groups (such as education or part-time rates) 

relevant

 Definition of labour intensity matters (per fte instead of per head)  

 Register data: allows for detailed country-specific analysis and shows strong 

heterogeneity in firms (computational limits, however)

Conclusion on the Ageing-Productivity Nexus



oeaw.ac.at/vid
wittgensteincentre.org

LEDA project

Period: June 2024 – November 2026

Funding Body: Data:Research:Austria funding programme of the Austrian Academy of               
                            Sciences (Call 2023).

Contacts: alexia.fuernkranz-prskawetz@oeaw.ac.at & isabel.gerstner@oeaw.ac.at 

Website: https://www.oeaw.ac.at/vid/research/research-projects/leda 
                           or scan the QR code: 

 

Thank you!

mailto:alexia.fuernkranz-prskawetz@oeaw.ac.at
mailto:isabel.gerstner@oeaw.ac.at
https://www.oeaw.ac.at/vid/research/research-projects/leda


Annex 
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 Priors – Firm characteristics
 Priors – Employee characteristics
 Perpetual inventory method
NACE sectors
 Results of study by firm sizes
 Limitations

 Stylized Age-Productivity Profile
 Res1 - Posterior densities – 2 NACE
 Res1 - Posterior densities – all NACE
 Res1 – Posterior medians
 Res2 – Posterior medians Lifecycle – 2 N.
 Res2 – Posterior medians Lifecycle – all 
 Res2 – Heatmap Lifecycle
 Res3 – Posterior medians with educ
 Res3 – Heatmap with educ
 All coefficients



Perpetual Inventory Method
We do not observe capital stock as such and thus need to estimate it based on 
investments.

This involves two major steps: 

(1) distribute aggregate industry-level capital to the firms 
  initial firm-specific capital stock 𝑲𝑲𝒇𝒇𝒇𝒇

(2) Using the perpetual inventory method, calculate the capital stock in the following 
years with

 𝑲𝑲𝒇𝒇(𝒕𝒕+𝟏𝟏) = 1 − 𝜹𝜹𝒔𝒔𝒔𝒔 𝑲𝑲𝒇𝒇𝒇𝒇 + 𝑰𝑰𝒇𝒇𝒇𝒇 

 with sector-specific depreciation rates (𝛿𝛿𝑠𝑠𝑠𝑠) & firm-specific investments (𝐼𝐼𝑓𝑓𝑓𝑓). 
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Implications: 

 While standard in the economic literature…

 …capital is characterized by a high degree of uncertainty…

Yet to estimate the L-Y relationship…

… we need to estimate the K-Y relationship as realistically as possible.



Model & Methodology II

𝒀𝒀𝒇𝒇
𝑳𝑳𝒇𝒇

 Labour Productivity

 def. as total value added per worker (in an extension per fte)
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𝑲𝑲𝒇𝒇
𝑳𝑳𝒇𝒇

 Capital per worker

 estimated based on investments and the perpetual inventory method

ln
𝒀𝒀𝒇𝒇
𝑳𝑳𝒇𝒇

= 𝛼𝛼 ln
𝑲𝑲𝒇𝒇

𝑳𝑳𝒇𝒇
+ �

𝑖𝑖=1

𝑁𝑁−1
𝑳𝑳𝒇𝒇𝒇𝒇
𝑳𝑳𝒇𝒇

𝛽𝛽𝑖𝑖 + 𝑍𝑍𝑓𝑓𝐹𝐹𝛾𝛾 + 𝑍𝑍𝑓𝑓𝑊𝑊𝛿𝛿 + 𝜔𝜔𝑡𝑡 + 𝜀𝜀𝑓𝑓

𝑳𝑳𝒇𝒇𝒇𝒇
𝑳𝑳𝒇𝒇

 Age Groups 

 

(1) Broad age groups (15-29, 30-49, 50+) 
(2) 5-year age groups
(3) Joint shares of age & education

Bayesian time-FE model for 

each NACE sector

to understand between-firm 

variation in labour productivity 

Annex: priors
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Kuhn, M., Prskawetz, A., Wrzaczek, S., & Feichtinger, G. (2007). Health, Survival and Consumption over the 
Life Cycle: An Optimal Control Approach. Working paper. Back to orig. slide
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Results for NACE M 

29Back to Annex



Variables – Employee Characteristics

30Back to Annex



Variables – Firm Characteristics

31Back to Annex



Priors – Firm characteristics 
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Priors 

 Log(capital/head) ~Gamma(8,20) (right skewed) 

 Log(capital/head)^2 ~normal(-0.05, 0.1) (decr. returns to scale)

 ICT_capital_share ~normal(0.1, 0.1) 

 Log(firmsize) ~normal(0.1, 0.2)

 Log(firmsize)^2 ~normal(-0.1, 0.2) (decr. returns to scale) 

 Young_firm_dummy ~normal(-0.1, 0.2) 

 Multiplant_dummy ~normal(0.05, 0.1) 

Back to Annex



Priors – Employee characteristics 
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Priors 

 Share_young, share_old ~normal(0, 0.3)

 Herf_age ~normal(0, 0.3)

 Share_loweducated, share_higheducated ~normal(0, 0.3)

 Share_STEM_education ~normal(0, 0.3)

 Share_fullt_female ~normal(0, 0.2)

 Share_partt_male, share_partt_female ~normal(-0.1, 0.3)

 Self_employed_share, blue_collar_share, apprentices_share, other_empl_share ~normal(0, 0.3)

Back to Annex



NACE sectors 
ÖNACE - Klassifikation der Wirtschaftstätigkeiten – WKO

34Back to Annex

https://www.wko.at/zahlen-daten-fakten/oenace


Results of Study by Firm Sizes 

 inverse u-relationship between age and productivity…
… but only in micro (1-9 ind.) and small (10-49) firms
… and not in medium (50-249) or large (250+) firms

35Back to Annex



Limitations

On the individual level: no information about
 Experience
 Skills
 Tasks
 Position within the firm

On the firm level: no information about
 capital stock observed
managerial practices 
 Technology usage 

36Back to Annex
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