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Abstract: Some observers expect that the current wave of new tools based on
artificial intelligence (AI) models, such as the large languagemodels, will have strong
effects on labor productivity. I present definitions and classifications that help
understanding AI as an economic input. I then review theoretical and empirical
arguments about macroeconomic productivity effects of AI and conclude that
research has so far found no indication that productivity effects of the diffusion of AI
are likely to be higher than those associated with the internet boom around the year
2000.While considerable uncertainty around future effects remains, a recent review
and calibration exercise by Acemoglu, D. (2024. The Simple Macroeconomics of
AI. Cambridge, MA: National Bureau of Economic Research, Working Paper 32487)
suggests that the effects might be a lot lower.
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JEL Classification: O47

1 Approaching the Economic Singularity?

Automation has been inspiring science-fiction-like scenarios of exploding economic
growth and massive redundancy of work at least since the beginning of the
computing era in the 1940s and in a broader sense already since the beginning of the
industrial revolution. The so-called singularity hypothesis discussed by computer
scientists and engineers sees a potential of generating widespread prosperity more
and more effortlessly, while human labor and intelligence would be becoming
increasingly superfluous. The formulation of the concepts of singularity and super
intelligence has been ascribed to mathematician John von Neumann. There are,
however, few written traces for this claim (Nordhaus 2021). In purely technical
terms, the cost of computing power has declined by a factor of two-digit millions
since the 1960s. The current wave of development in artificial intelligence (AI) has
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long been expected as the step where computers would come closer to the working
capacity of the human brain, although speed of computers cannot be directly
translated into human intelligence.

Nordhaus’ (2021) arguments why an economic singularity does not seem
anywhere near do not depend on any specific properties of the current wave of AI. A
productivity singularity that would rely on productivity increase in immaterial
information goods depends on the role of these goods in supply and demand. In
production of supply, information goods would need to be sufficiently good sub-
stitutes for physical inputs (human labor, natural resources). In demand, the price
elasticity for information-intensive goods would need to be higher than one. An
elasticity higher than one implies that the share of spending on these goods increases
when prices decrease, because the higher quantity demanded outweighs the lower
spending per unit. With American data for 1929–2012, Nordhaus does not see any
plausible indication that the economy might be approaching a singularity in any
foreseeable future. I think the arguments would not change with data from the most
recent decade. With the need to counteract climate change, scarcity of physical
inputs (including energy input for the use of AI) may be even a stronger restriction
than in earlier times. Technological optimists anticipate that a revolution in the use
of solar energy may free up a large potential for the economy (The Economist 2024).
Though I am not in the position to take any stance on the likelihood of this scenario
here, I guess that the potential of this scenario for maintaining and increasing
worldwide prosperity is higher than the potential of the current wave of AI.

In the early 2010s, economists Eric Brynjolffson and Robert J. Gordon held a
controversy on the question whether most of the productivity effects of the digital
revolution have already been realized in rich countries or are still to come (see, i.a.,
Gordon 2012; Brynjolfsson and McAfee 2014). While Gordon thinks that the satis-
faction of human needs advanced by the industrial revolution and its aftermath
during the period 1870–1970 has mostly reached its limits in rich countries,
Brynjolfsson argues that ever cheaper computing power will fuel innovation in
ways that are hard to overestimate. Referring to an ancient legend where someone
demands for a doubling of the rice grains per field of the chessboard, he considered
that the years to come would be “the second half of the chessboard”, where
exponentially improving computing power reaches levels of performance beyond
current imagination.

2 What is Artificial Intelligence?

Among the many definitions of AI, one commented definition that is useful for
considering its economic impact is given by Agrawal, Gans, and Goldfarb (2019, p. 3):
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“The Oxford English Dictionary defines artificial intelligence as ‘the theory and
development of computer systems able to perform tasks normally requiring human
intelligence.’ This definition is both broad and fluid. There is an old joke among
computer scientists that artificial intelligence defines what machines cannot yet do.”

According to this logic, the concrete meaning of the concept of AI would be
varying over time. It once included, for example, early chess computers, but does not
include them anymore because beating professional chess players is no longer an
insurmountable challenge for computers. Still, earlier waves of computer technology
that diffused within the economy were not commonly associated with the term
“artificial intelligence”. With regard to commercially viable applications, the term
has beenmainly employed since around 2012 for machine learning (a set of methods
from computational statistics) as a prediction technology (Agrawal, Gans, and
Goldfarb 2019). The OECD (2019, p. 15) defines an AI system as a “machine-based
system that can, for a given set of human-defined objectives, make predictions,
recommendations, or decisions influencing real or virtual environments …”.

The recent AI Act of the EU considers that AI does not “cover systems that are
based on the rules defined solely by natural persons to automatically execute op-
erations” (Official Journal of the European Union 2024, p. 4). AI systems “are designed
to operate with varying levels of autonomy” (ibd.), meaning that they have some
degree of independence of actions from human involvement. The adaptiveness that
an AI system can exhibit after deployment refers to self-learning capabilities,
allowing the system to change while operating to attain the explicit or implicit
objectives specified for it (ibd.). The following description focuses on AI as an
economic input: “AI systems can be used on a stand-alone basis or as a component
of a product, irrespective of whether the system is physically integrated into the
product (embedded) or serves the functionality of the product without being inte-
grated therein (non-embedded)” (ibd.).

3 Measurement of Productivity Effects of AI

3.1 Defining AI as an Economic Input

If we want to understand the effect of AI on economic growth, we need to define and
to measure it as an element of an economic production technology. Recent work has
defined automation capital or AI as a separate capital good. Alternatively, it can be
considered as an area of technological knowledge that enables innovation in capital
goods. This innovation expands the range of tasks in production that do not need to
be performed by humans (see Saam 2024). Capital inputs are non-human inputs that
last longer than a year in the production process. Material capital inputs include:
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– building and structures,
– vehicles,
– non-IT machinery and equipment and weapon systems, and
– ICT equipment (computer hardware and communications equipment).

These categories are all included in the current international standards of national
accounting (SNA 2008). Immaterial capital inputs include:
– computerized information: software and databases,
– innovative property: research and development (R&D), mineral exploration,

artistic originals, design, and
– economic competencies: firm-specific training, market research and branding,

business process re-engineering.

Software has been included since the SNA revision of 1993, and most developed
countries implemented measurement by 2000. Issues with quality measurement
continue to be substantial. R&D has been conceived as an investment only since SNA
2008. Previously, it had been considered an intermediate expenditure on products
lasting less than a year. Economic competencies are currently only measured
outside official national accounting. AI systems used in firms typically contain
elements of hardware, software and databases. R&D capital and economic com-
petencies may also contribute to their function as an input within firms (Corrado,
Haskel, and Jona-Lasinio 2021). Their overall economic value is mostly included in
current national accounting, but at the macroeconomic level, they are not distin-
guishable as a separate category in the accounts.

3.2 Measuring Diffusion of AI

Data collection for research purposes on use of AI systems in firms is also chal-
lenging. Challenges include the reluctance offirms to share information onmonetary
investments and the difficulty of distinguishing AI frompre-AI software. In one of the
few studies with direct and comprehensive measures of AI use within firms, Czar-
nitzki, Fernández, and Rammer (2023) are able to observe the use of four broad AI
methods in five different areas of the firm’s activity. Data from 2018 come from the
German part of the European Community Innovation Survey. Out of the nearly 6,000
firms observed in the sample, seven percent report using AI methods in some way.
Most current economic research until now uses narrower AI measures related only
to certain areas of the firm’s activity or indirect measures of AI diffusion based on
bibliographic data from scientific publications and patent data (Barrufaldi et al.
2020). Current research assessing the overall productivity potential of AI relies
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mostly on job task descriptions. Data are gained from matching occupations of
existing jobs with task descriptions or from job advertisements that refer to AI
competencies. AI exposure of an industry can then be measured by the extent of
tasks that could be substituted by AI, by the demand for AI skills or by the number of
AI patents that relate to technologies used in the industry (Saam 2024). AI exposure as
such does not contain information on the actual degree of usage of AI, but rather on
availability or demand for technology or skills that could be used to implement AI in
the industry. When the goal is the assessment of the upper bound of industry-level
and macroeconomic productivity growth resulting from the diffusion of AI,
observing AI exposure instead of actual AI usage may not be an obstacle.

4 Macroeconomic Productivity Effects of the
Diffusion of AI: Likely to be Visible, butNot Large

Daron Acemoglu and his co-authors have developed a theoretical framework in
which automation expands the set of tasks that capital goods can performat the place
of humans. In this setting, AI can affect macroeconomic labor productivity via four
channels: (1) increasing the range of tasks that can be automated, (2) increasing
marginal productivity of tasks performed by human labor, (3) reducing the cost of
automation of tasks, (4) creating new tasks or products.

AI is the latest wave of technology that may affect productivity via these chan-
nels. Acemoglu (2024) matches the modeling approach with first empirical evidence
on productivity effects of AI and derives approximations of their size based on a
growth accounting approach. Growth accounting decomposes GDP growth into
contributions of different production factors and technological change based on the
assumptions of constant returns to scale and competitive factor markets.

In calibrating themodel, Acemoglu distinguishes between tasks that are easy for
current AI and tasks that might be feasible but are hard for current AI. Moreover, he
incorporates the effect of additional investment triggered by the diffusion of AI.
Interestingly, he also takes into the account the effect of “new bad tasks”, which
increase firm revenues but reduce consumer utility by manipulating consumers or
encouraging addictive behavior. While much public interest currently lies on
generative AI used in large languagemodels (LLM), Acemoglu considers his estimate
to apply to all economic benefits of AI, including also computer vision, which may
have further new applications for example in robotics.

Acemoglu’s (2024) main finding is that AI can be expected to increase US GDP by
one percent in total over 10 years. This corresponds to an additional annual growth of
0.1 percentage points per year. The lower bound of the estimate is 0.93 percent over
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10 years, the upper bound including an investment boom is 1.56 percent. When we
compare these effects of AI to the productivity effects that the internet revolution
around the year 2000 has in the US, these numbers look rather modest. Cardona,
Kretschmer, and Strobel (2013) survey different studies covering the years 1990–2005
and report a combined contribution of total factor productivity growth in the IT
sector and IT investment to labor productivity growth between 36 and 73 percent.
Assuming a 1 percent GDP growth in total and a constant work force, this would
correspond to 0.36 to 0.73 percentage points of GDP growth per year resulting from
digitalization. If GDP growth was higher, the effect would be even larger. While AI is
currently transforming production and consumption and can be expected to do so
for a while, the fundamental revolution heralded by some news media and business
reports seems unlikely, at least when we look at GDP. If we take into account that the
US has been leading on the internet revolution around the year 2000 and continues to
play a leading role in AI today, GDP effects in other countries could be even smaller.
Still, the argument is based on very first pieces of evidence on AI exposure and
diffusion of AI. The uncertainty attached to it is not negligible. With regard to
distributional effects, Acemoglu’s exercise suggests that the current wave of AI may
moderately increase income inequality.

As a research infrastructure, my own institution, the ZBW – Leibniz Information
Centre for Economics, is working on guiding and supporting researchers in applying
AI tools to search and information extraction of academic papers. In the way I
currently perceive this task, I concurwith Acemoglu’s (2024) final appreciation of the
state of LLMs: There “are indeedmuch bigger gains to be had from generative AI, (…)
but these gainswill remain elusive unless there is a fundamental reorientation of the
industry (…) in order to focus on reliable information that can increase themarginal
productivity of different kinds of workers, rather than prioritizing the development
of general human-like conversational tools. (…) To put it simply, it remains an open
question whether we need foundation models (…) that can engage in human-like
conversations and write Shakespearean sonnets if what we want is reliable infor-
mation useful for educators, healthcare professionals, electricians, plumbers and
other craft workers” (Acemoglu 2024, p. 45).

References

Acemoglu, D. 2024. The Simple Macroeconomics of AI. Cambridge, MA: National Bureau of Economic
Research, Working Paper 32487.

Agrawal, A., J. Gans, and A. Goldfarb. 2019. The Economics of Artificial Intelligence: An Agenda. Chicago:
University of Chicago Press.

332 M. Saam



Barrufaldi, S., B. van Beuzekom, H. Dernis, D. Harhoff, N. Rao, D. Rosenfeld, and M. Squicciarini. 2020.
Identifying and Measuring Developments in Artificial Intelligence: Making the Impossible Possible (OECD
Science, Technology and Industry Working Papers 2020/05; OECD Science, Technology and Industry
Working Papers, Vol. 2020/05).

Brynjolfsson, E., and A. McAfee. 2014. The Second Machine Age. Work, Progress, and Prosperity in a Time of
Brilliant Technologies. New York: W. W. Norton & Company.

Cardona, M., T. Kretschmer, and T. Strobel. 2013. “ICT and Productivity: Conclusions from the Empirical
Literature.” Information Economics and Policy 25 (3): 109–25.

Corrado, C., J. Haskel, and C. Jona-Lasinio. 2021. “Artificial Intelligence and Productivity: An Intangible
Assets Approach.” Oxford Review of Economic Policy 37 (3): 435–58.

Czarnitzki, D., G. P. Fernández, and C. Rammer. 2023. “Artificial Intelligence and Firm-Level Productivity.”
Journal of Economic Behavior & Organization 211: 188–205.

Gordon, R. J. 2012. Is U.S. Economic Growth over? Faltering Innovation Confronts the Six Headwinds (NBER
Working Papers 18315). Cambridge, MA: National Bureau of Economic Research, Working Paper
18315.

Nordhaus, W. D. 2021. “Are We Approaching an Economic Singularity? Information Technology and the
Future of Economic Growth.” American Economic Journal: Macroeconomics 13 (1): 299–332.

OECD. 2019. Artificial Intelligence in Society. Paris: OECD Publishing.
Official Journal of the European Union. 2024. Regulation (EU) 2024/1689 of the European Parliament an of

the Council – Artificial Intelligence Act. https://data.europa.eu/eli/reg/2024/1689/oj.
Saam, M. 2024. “The Impact of Artificial Intelligence on Productivity and Employment – How Can We

Assess It and What Can We Observe?” Intereconomics 59 (1): 22–7.
The Economist. 2024. The exponential growth of solar powerwill change theworld – An energy-rich future

is within reach. https://www.economist.com/leaders/2024/06/20/the-exponential-growth-of-solar-
power-will-change-the-world (accessed September 18, 2024).

Macroeconomic Productivity Effects of AI 333

https://data.europa.eu/eli/reg/2024/1689/oj
https://www.economist.com/leaders/2024/06/20/the-exponential-growth-of-solar-power-will-change-the-world
https://www.economist.com/leaders/2024/06/20/the-exponential-growth-of-solar-power-will-change-the-world

	Macroeconomic Productivity Effects of Artificial Intelligence
	1 Approaching the Economic Singularity?
	2 What is Artificial Intelligence?
	3 Measurement of Productivity Effects of AI
	3.1 Defining AI as an Economic Input
	3.2 Measuring Diffusion of AI

	4 Macroeconomic Productivity Effects of the Diffusion of AI: Likely to be Visible, but Not Large
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


