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Motivation
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• Solow Paradox, 1986: “You can see the computer age
everywhere but in the productivity statistics”

• Brynjolfsson et al., 2021: “Solow’s Paradox is not unique.
It is one example of a more general phenomenon
resulting from the need for intangible investments in
early stages of new general-purpose technologies”

• The past decades witnessed a rapid increase in the use
of intangible investment

• The measurement of productivity crucially depends on
the measurement of intangible assets



Motivation

Can we just use the balance sheet 
information on intangibles?
• International Accounting 

Standard generally disallows 
the capitalization of most 
intangible assets

• Balance sheet intangibles 
largely arise from acquisitions

• Reported assets do not reflect 
actual intangible investment 
flows
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Motivation

Can we just use the balance sheet information on intangibles?
• International Accounting Standard generally disallows the capitalization of most 

intangible assets
• Balance sheet intangibles largely arise from acquisitions
• Reported assets do not reflect actual intangible investment flows

Can we use survey data on intangibles?
• Survey information on intangible asset results in a selection bias and a lack of insights 

on heterogeneity in returns on intangibles
• Not all intangibles captured
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Research objectives

Investigate the returns from intangible capital at the micro level and 
examine how this affects productivity patterns  at the macro level.

How:

• Trace all yearly intangible asset purchases of a firm from a B2B transaction level dataset

• Build a firm(-year) level intangible capital stock (2002-2019)

• Estimate an augmented production function

• Compare returns from intangible capital across the firm size distribution

• Examine how these findings at the firm level affect productivity growth at the macro level
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Data

National Bank of Belgium (2002-2019):

• VAT customer listing (yearly)

• VAT declarations (periodical)

• Research and development expenditure (R&D)

from ECOOM Leuven

• Annual company accounts

Additional data:

• 2-digit deflators from Eurostat

• 2-digit deflators from EU Klems

→ Panel of 1,603,254 firm-year observations over the period 2002-2019 

Intangible investments and tangible investments
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Data: VAT declarations (I)

• Take the VAT customer listing of computer programmer X, active in NACE 6201

• From the VAT form of firm X, we know to which firms Y it sells and the value of the sales

• Since we have the yearly VAT transactions of ALL X firms, we can deduce for each firm Y how
much it purchases from type X firms. The sum of all intangible purchases in year t across type X
firms, is our intangible investments measure of year t for firm Y

𝒀𝟏 

𝒀𝟐 

𝒀𝟑 

𝒀𝟒 

𝒀𝟓 

𝒀𝟔 
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Data: Intangible producing industries
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Data: VAT declarations (II)

From periodical VAT transactions, we know total intangible investments.

From the VAT declarations, firms must report total purchases of all goods that have
an investment character. Intangible investment are mostly considered as a service,
and hence not included here
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Data

• Use the Perpetual Inventory Method to construct the firm-year capital stock

• Depreciation rates 𝛿𝑈are obtained from EU Klems

• Investments ሚ𝐼𝑖𝑡
𝑈 are obtained from VAT and ECOOM data

• Initial intangible capital stock based on average intangible investment intensity in 
the first three years
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Descriptives

• Fact 1: Intangibles have become more 
important over time.

• Investment in intangible capital 
rose from 8 billion EUR in 2002 to 
almost 17.5 billion EUR in 2019.

Robustness
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Descriptives

• Fact 1: Intangibles have become 
more important over time.

• This increase is mainly driven by 
the increasing importance of 
training/organizational 
intangibles

• Software/database investments 
in 2018-2019 (AI?)
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Descriptives

• Fact 2: The B2B-based measure on intangibles is more comprehensive than its 
balance sheet counterpart
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Descriptives

• Fact 3: Bigger firms have a larger 
amount of intangible capital.
• a firm with more than 250 employees 

invests close to €5000 per employee 
more in intangibles than firms with 0-5 
employees
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Descriptives
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Increasing added value by 
a factor of 2, raises 
intangible investment per 
employee by 33 percent.



Methodology

• Augmented Cobb Douglas production function including both intangible and 
tangible capital as inputs (as in Brynjolfsson et al. 1996 and Tambe & Hitt, 2012)

• Potential bias in labor and capital coefficients because of unobserved productivity

→ We use control function approach to correct for endogeneity of inputs 
(Olley and Pakes, 1996; Levinsohn and Petrin, 2003; Ackerberg et al., 
2015).
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Results 
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Results

Large firms benefit more from Intangibles
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Excess Returns only 
for big firms



Results
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Productivity Mismeasurement



Results
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Intangible Capital Deepening



Conclusion

• New data to measure returns to intangibles, allowing to include all firms and 
sectors of the private economy

• Findings:
• Intangibles have become more important over time, mainly due to 

training/organizational intangibles

• Bigger firms do most of these intangibles

• Investing an additional 1€ in intangibles has a gross rate marginal product of €0.8

• Big firms have excess returns

• Neglecting intangibles will lead to overestimation of intangibles (intangible capital 
deepening is labeled as productivity growth)

• The top 5% firms are driving this intangible capital deepening
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Thank you
Q & A

Bijnens et. al. (NBB & KU Leuven) Intangible Capital and Productivity October 2024

Corresponding authors:
• Jozef Konings (Joep.konings@kuleuven.be) 
• Aaron Putseys (aaron.putseys@kuleuven.be)
• Gert Bijnens (gert.bijnens@nbb.be)

mailto:Joep.konings@kuleuven.be








Summary Statistics



Data: VAT database

• Database with VAT declarations records transactions between firms

• For each active firm, its sales and identity of each buyer is recorded for the period 2002-
2019

• Flip around database to obtain for each firm its domestic suppliers and purchases from 
each supplier

• Identify intangible purchases based on the detailed activity code of the supplier

• If supplier active in intangible producing sector, purchases are classified as intangible 
investment

Back



Data: Intangible intensity per industry



Data: Distribution across size and industry



Methodology – ACF (2015)

• Invert material demand function to control for unobserved productivity

𝑦𝑖𝑡 = 𝛽𝑙𝑙𝑖𝑡 + 𝛽𝐼𝑇𝑘𝑖𝑡
𝑇 + 𝛽𝑁𝐼𝑇𝑘𝑖𝑡

𝑈 + 𝑓−1 𝑘𝑖𝑡
𝑇 , 𝑘𝑖𝑡

𝑈, 𝑙𝑖𝑡 , 𝑚𝑖𝑡 + 𝜖𝑖𝑡

= ෨𝜙𝑡 𝑙𝑖𝑡 , 𝑘𝑖𝑡
𝑇 , 𝑘𝑖𝑡

𝑈 , 𝑚𝑖𝑡 + 𝜖𝑖𝑡

• Run this regression in a first step to seperate out the pure measurement error

• In a second step, all the input coefficients are identified

• Assumption that productivity follows a first order Markov process

𝜔𝑖𝑡 = 𝑔(𝜔𝑖𝑡−1) + 𝜉𝑖𝑡
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Methodology – ACF (2015)

• Use timing assumptions to identify input coefficients

𝐸 𝜉𝑖𝑡

𝑙𝑖𝑡

𝑘𝑖𝑡
𝑇

𝑘𝑖𝑡
𝑈

= 0

• Practically:
• Compute for a candidate vector of the input coefficients an estimate for

• Non-parametrically regress this estimate on its lagged value to recover

• Bring the sample analogue of the moment conditions as close as possible to 0 by changing 
the input coefficients
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