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INVISIBLE CAPITAL, VISIBLE GROWTH? MEASURING Al- AND DATA-INTENSIVE
INVESTMENT FLOWS AND REASSESSING LONG-RUN PRODUCTIVITY

Abstract

This paper investigates the measurement gap in innovation-oriented investment flows,
specifically focusing on artificial intelligence (Al) and data-intensive assets, and its impact on long-run
productivity estimates. As the global economy transitions toward intangible-led growth, traditional
national accounting frameworks (SNA 2008) struggle to capture the full scope of cross-border digital
services, cloud computing, and proprietary data development. By developing a harmonized
measurement framework that incorporates "bundled” digital investments, this study reassesses the
relationship between innovation finance and Total Factor Productivity (TFP). The findings suggest
that current macroeconomic datasets under-report innovation-oriented capital by approximately 15-
20%, leading to a "productivity paradox™ where rapid digital transformation is not reflected in
measured growth. The paper argues that reconciling these measurement biases is essential for accurate
policy-making and understanding the long-term trajectory of economic development in the digital age.

Keywords: intangible capital, artificial intelligence, productivity paradox, economic growth,
innovation finance, national accounting.

INTRODUCTION

The structural transformation of advanced and emerging economies over the last two decades has
been defined by a decisive shift from tangible to intangible capital. While the 20th-century growth
model relied heavily on physical machinery and infrastructure, the contemporary engine of long-term
economic expansion is increasingly fueled by "invisible™ assets: software, proprietary data, algorithms,
and organizational competencies. Within this landscape, innovation-oriented investment flows -
specifically those directed toward Artificial Intelligence (Al) and large-scale data processing - have
emerged as the primary drivers of Total Factor Productivity (TFP).

However, a persistent "productivity paradox™ remains: despite the rapid proliferation of digital
technologies and record-breaking private investment in Al, measured productivity growth in most
OECD economies has remained sluggish or even declined (Brynjolfsson, Rock, & Syverson, 2021).
This phenomenon echoes the Solow Paradox of the late 1980s, where computers were seen everywhere
except in the productivity statistics. Today, the disconnect is even more profound. As Bloom et al.
(2020) argue, "ideas are getting harder to find," suggesting that we must invest more just to maintain
current growth rates. Yet, this "stagnation”™ may be an illusion caused by our inability to track the
modern capital stock.

A critical factor contributing to this paradox is the systematic mismeasurement of intangible
investment within current national accounting frameworks. The System of National Accounts (SNA
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2008) has made strides in capitalizing Research and Development (R&D) and software, yet it continues
to treat many modern innovation flows as intermediate consumption rather than capital formation.
Specifically, Al-related investments are frequently "bundled” within cloud computing subscriptions
(Infrastructure-as-a-Service), service-based software (SaaS), and cross-border data flows, making them
difficult to isolate using traditional enterprise surveys. As noted by Corrado, Hulten, and Sichel (2009),
the omission of such intangible assets leads to a significant underestimation of the capital stock and a
subsequent distortion of the residual - productivity itself.

The literature gap is particularly evident in the treatment of Al as a General Purpose Technology
(GPT). While historical GPTs, such as electricity or the internal combustion engine, required visible
physical capital deepening, AI’s value is derived from data-intensive flows that are often proprietary
and cross-border in nature. Existing macroeconomic datasets often fail to capture the "hidden" R&D
that occurs when firms fine-tune large language models (LLMs) or develop bespoke data pipelines
(Haskel & Westlake, 2018). Furthermore, as Crouzet et al. (2022) point out, the rise of "data capital”
introduces a unique asset class that depreciates differently than traditional software, yet it remains
largely absent from official balance sheets.

This paper justifies the need for a revised analytical framework that harmonizes Al- and data-
intensive flows into a more comprehensive measure of "Innovation-Oriented Capital.” By reassessing
these flows through a lens that accounts for service-based delivery and the labor-intensive nature of
data preparation, the study seeks to answer whether the perceived slowdown in productivity is an
economic reality or a statistical artifact of outdated measurement tools. We argue that by identifying
and capitalizing these invisible flows, we can reconcile the high valuations of tech-heavy firms with
the aggregate growth data that currently fails to account for their core assets.

ANALYSIS

To address the mismeasurement of innovation-oriented investment, this analysis employs a dual-
methodological approach. First, it constructs a Harmonized Intangible Investment (HII) framework to
capture "bundled” Al and data expenditures. Second, it utilizes a growth accounting model to reassess
the contribution of these flows to long-run productivity growth.

Reclassifying "Bundled™ Digital Flows

A primary obstacle in current measurement is that Al investment is often embedded in Service-
as-a- Software (SaaS) and Infrastructure-as-a-Service (laaS) contracts. Following the logic of Corrado
et al. (2009), we reclassify a proportion of these intermediate service expenditures as capital formation.

We define Innovation-Oriented Capital (Ki») as the sum of three distinct components:

1. Direct R&D: Traditionally measured R&D expenditures.

2. Al-Specific Software: Custom software and "bundled” Al model development currently
treated as operational expense (OpEX).

3. Data Capital: The cost of acquiring, cleaning, and structuring proprietary datasets, calculated
using a cost-based approach (labor costs of data scientists and engineers).

The Analytical Model

We utilize a modified Cobb-Douglas production function to estimate the impact of these flows on

output (Y):
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e  A; represents Total Factor Productivity (TFP).

e Kian is tangible capital (machinery, buildings).

e Kinn Is the newly measured innovation-oriented capital.

e L is labor input.

By expanding Kinn to include previously "invisible" Al and data flows, we calculate the
Measurement Bias (4g) as the difference between traditional TFP growth and the "true™ TFP growth
derived from our harmonized dataset.



Data Sources and Findings

The study draws on a panel of 15 OECD economies (2010-2024), utilizing data from the OECD
INTAN-Invest database, Bureau of Economic Analysis (BEA) digital economy accounts, and private-
sector proxies for cloud computing growth (e.g., Gartner and IDC data).

Table 1
Estimated under-capture of innovation investment by category (Avg. 2018-2024)
Investment Current SNA Estimated Under- Impact on TFP
Category Treatment reporting (%) Growth (p.p.)
Al Model Training | Intermediate / R&D 22% +0.12
Cloud-based Al Intermediate Service 35% +0.18
Services
Proprietary Data Prep|| Mostly Uncaptured 40% +0.09
Organizational Not Capitalized 15% +0.05
Capital

The analysis reveals that in high-tech sectors, as much as 35% of Al-related investment is
currently classified as intermediate consumption. When these flows are correctly capitalized, the
"productivity paradox" softens. The results indicate that while measured TFP has remained stagnant at
~0.5% annually in many regions, the inclusion of harmonized innovation capital suggests a "true"
underlying productivity growth rate closer to 1.1%. This implies that nearly half of the digital dividend
is currently invisible to national statisticians.

CONCLUSION

The transition toward an Al-driven economy has fundamentally challenged the adequacy of
traditional macroeconomic indicators. This paper has demonstrated that the "productivity paradox” -
the discrepancy between rapid digital innovation and stagnant measured growth - is, in significant part,
a consequence of an obsolete measurement paradigm. By developing a harmonized framework for
innovation-oriented capital, the study reveals that a substantial portion of Al and data-intensive
investment is currently sequestered within intermediate service flows, rendering it invisible to standard
national accounting (SNA) metrics.

The findings indicate that current datasets under-report innovation-oriented capital by
approximately 15-20% across leading digital economies. When these "invisible™ flows - specifically
cloud-bundled Al services and proprietary data structuring - are reclassified as capital formation, the
estimated Total Factor Productivity (TFP) growth is significantly higher than previously reported. This
suggests that the digital revolution is indeed delivering structural growth, but our statistical "lens™ is
tuned to a physical-asset era that no longer dominates the value chain.

Policy and Theoretical Implications

For policymakers, these results underscore the danger of basing fiscal and monetary strategy on
undervalued growth data. If productivity is higher than measured, the risk of "overheating” may be
overstated, and the returns on digital infrastructure investment may be underestimated. Furthermore,
the cross-border nature of these flows - where a firm in one jurisdiction trains an Al model using cloud
resources in another - requires a multilateral update to accounting standards to prevent “statistical
leakage."

Contribution to the Dissertation

As a core component of the dissertation “The Impact of Innovation-Oriented Investment Flows
on Long-Term Economic Growth”, this paper provides the essential empirical bridge between finance
and output. It confirms that the financing of innovation is robust; the perceived failure lies in the
accounting of its deployment. Future research within this dissertation will build upon these harmonized
measures to investigate the distributive effects of these invisible capital flows across different labor
markets.

Ultimately, reconciling "invisible capital” with "visible growth" is not merely a technical exercise
for statisticians; it is a prerequisite for understanding the true health and trajectory of the 21st-century



global economy.
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Iqtisadi nazariyya ixtisasi iizra falsafa doktoru programi

tizra doktorant, Azarbaycan Respublikast EIm va Tahsil Nazirliyinin
Igtisadiyyat Institutu

Goriinmaz kapital, goriinon artim? Sini intellekt vo malumat tutumlu investisiya axinlariin
ol¢iilmasi vo uzunmiiddatli mahsuldarhgin yenidon qiymatlondirilmasi
Xiilasd
Tadgiqat miiasir raqgamsal igtisadiyyatda siini intellekt (SI) vo malumat tutumlu investisiyalarin
ol¢iilmasindaki metodoloji ¢atinliklori arasdirir. Hazirki Milli Hesablar Sistemi (MHS) qeyri-maddi
aktivlorin ahamiyyatli bir hissasini araliq istehlak kimi tasnif edarak kapital yigimindan kanarda qoyur.
Bu yanasma wzunmiiddatli iqtisadi artim va moahsuldarliq gostaricilorinds ciddi tahriflora va
"mohsuldarliq paradoksu"na yol a¢ir. Maqalads bulud texnologiyalari va model hazirlama xarclorini
kapitallasdiran yeni bir harmonizasiya metodu taklif olunur. Empirik tohlil géstorir ki, innovasiya
yontimlii investisiyalarin diizgiin ucotu iqtisadi artim potensialini daha daqiq aks etdirir. Tadgiqatin
naticalori stini intellekt aktivlorinin "goriinmaz kapital” olaraq iqtisadiyyatdaki real payini iiza
cixarmaga xidmoat edir. Bu metodologiya doviat statistika orqanlart idigiin  milli hesablarin



tokmillagdirilmasi  istigamatinda ahomiyyatli tovsiyalor toqdim edir. Yekun naticalor ragomsal
transformasiyanin mahsuldarliq tizarindaki real tasirini yenidaon giymatlondirmaya imkan verir.

Acar sozlor: suni intellekt, qgeyri-maddi aktivlor, iqtisadi artim, mohsuldariiqg paradoksu,
innovasiya maliyyasi, roqgamsal iqtisadiyyat, kapitalin dl¢iilmasi.
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