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Abstract

Over the past three decades, the global economy has experienced secular trends: the rise of
intangible capital, the expansion of multinational enterprises (MNEs), and the growing preva-
lence of international profit shifting. Using firm-level data, we document that these trends
are strongly positively related and increasingly concentrated among high-productivity firms.
To interpret these patterns, we develop a quantitative general equilibrium model in which
firms invest in intangible capital, expand across borders, and reallocate profits across jurisdic-
tions. A central feature of the model is that intangible capital is nonrival and can be deployed
across multiple production locations. This generates scalable complementarity: multinational
expansion raises the return to intangible investment by increasing scale, while greater intangi-
ble intensity strengthens incentives to expand globally. Quantitative exercises show that this
mechanism produces superlinear responses in firm scale and profit shifting and contributes
importantly to aggregate productivity growth through reallocations toward large, intangible-
intensive multinational firms.
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1 Introduction

Over the past four decades, two key trends have dramatically reshaped the global economy: the rise
of intangible capital and the expansion of multinational production. We argue that these trends are
tightly linked through the nonrival nature of intangible capital and that their interaction has first-
order implications for aggregate productivity growth. Unlike tangible capital, intellectual property,
software, and other intangible assets can be deployed simultaneously across multiple production
locations. This scalability implies that multinational firms have stronger incentives to invest in
intangible capital than purely domestic firms, while firms with higher intangible intensity have
greater incentives to expand their production footprint across borders. As a result, reductions in
barriers to multinational production raise intangible intensity, while intangible-biased technolog-
ical change or declines in the cost of producing intangible capital increase multinational activ-
ity. Through these channels, the joint rise of intangibles and multinational production generates
economy-wide efficiency gains that appear as measured total factor productivity (TFP), rather than
as standard factor deepening. We develop a quantitative model to discipline the importance of these
forces and to measure their contribution to the observed rise in intangible intensity, multinational

production, and aggregate productivity.

These trends have first-order implications for aggregate productivity growth. Because intangi-
ble capital is nonrival and can be deployed simultaneously across production locations, increases
in intangible intensity translate into economy-wide efficiency gains that appear as measured to-
tal factor productivity (TFP). We show that the joint rise of intangibles and multinational pro-
duction—amplified by their complementarity—accounts for a substantial share of post-1995 TFP
growth, operating primarily through reallocations toward high-productivity, intangible-intensive
multinationals rather than uniform technical progress. This provides a structural interpretation of

the sources and distribution of recent productivity growth.

In addition to these two trends, we consider a third, closely related development: the rise of
international profit shifting by multinational firms. Empirical evidence indicates that intangible
capital plays a central role in profit shifting, as it is highly mobile and difficult to value, making it
particularly amenable to transfer pricing. As shown by Dyrda, Hong, and Steinberg (2024a), profit
shifting raises multinationals’ incentives to invest in intangible capital by lowering effective tax
rates on intangible income. At the same time, higher intangible intensity expands the scope for
profit shifting, reinforcing firms’ incentives to reallocate profits across jurisdictions. We extend
our baseline framework to incorporate profit shifting as an endogenous margin and use the model

to decompose the joint evolution of intangible investment, multinational production, and profit



shifting into changes in production technologies, globalization frictions, and the costs of shifting

profits.

Our first contribution is to document these interconnected trends using linked firm-level data
from Compustat and U.S. Securities and Exchange Commission (SEC) disclosures. Intangible inten-
sity—measured as the ratio of intangible assets (including capitalized R&D) to total assets—more
than doubled among U.S. public firms between 1995 and 2023, rising from 22% to 42%. This increase
occurred broadly across industries and is driven primarily by within-industry changes rather than
sectoral reallocation. Over the same period, multinational activity expanded sharply: the share of
firms operating foreign subsidiaries rose from 16% to 38%, and the average foreign sales share of
multinational enterprises (MNEs) increased from 10% to 27%. Profit shifting, proxied by tax-haven
subsidiary ownership, grew in parallel—peaking at 74% of MNEs in 2017 before declining following
the Tax Cuts and Jobs Act (TCJA).

Cross-sectional evidence reveals that these trends are closely linked at the firm level. Multina-
tional firms exhibit substantially higher intangible intensity than purely domestic firms, with an
average gap of 11.1 percentage points that widens after 2005. Firms operating in a larger num-
ber of countries or engaging in profit shifting display even higher intangible intensity. These
relationships are strongly structured by firm productivity: more productive firms are both more
intangible-intensive and more likely to operate as multinationals, and the positive relationship be-
tween productivity and intangible intensity is steepest among firms with multinational activity.
Together, these patterns indicate that the rise of intangible capital and multinational production is

concentrated among high-productivity firms that rely more heavily on scalable, nonrival inputs.

To examine how these relationships evolve over time, we employ an event-study framework
that traces firms before and after multinational entry or the initiation of profit-shifting activity.
Firms that become multinationals experience a sustained increase in intangible intensity by 6 per-
centage points following entry, while firms initiating profit shifting exhibit a rise by 3 percantage
points. These dynamic responses are consistent with a mechanism in which multinational expan-
sion raises the return to intangible investment by increasing the scale over which intangibles can
be deployed. Taken together with the cross-sectional evidence, the event-study patterns highlight
the joint role of productivity heterogeneity, intangible investment, and multinational expansion in

shaping firms’ organizational choices over time.

While these empirical patterns are informative, they are not sufficient to identify the forces
driving the joint evolution of intangible intensity, multinational production, and profit shifting

and their macroeconomic implications. First, both the cross-sectional relationships and the dy-



namic responses around multinational entry reflect endogenous firm decisions: firms choose when
to expand and invest based on expected returns, making it difficult to isolate causal effects using
reduced-form variation alone. Second, firm-level empirical designs necessarily abstract from gen-
eral equilibrium effects. Changes in intangible investment or multinational activity at the firm level
may have aggregate price, scale, and reallocation effects that are absorbed by time fixed effects or
common trends, creating a missing-intercept problem when interpreting aggregate implications.
Third, reduced- form evidence does not provide the economic structure required to conduct coun-
terfactual analysis or to decompose observed trends into underlying technological, globalization,
and tax forces. These limitations motivate a quantitative general equilibrium framework that ex-
plicitly models firms’ endogenous choices, accounts for equilibrium feedbacks, and allows us to

trace the structural mechanisms linking intangibles, multinational expansion, and productivity.

Motivated by these empirical patterns, we develop a structural framework that links the rise of
intangible capital, multinational expansion, and profit shifting within a unified economic environ-
ment. This framework, our second contribution, models firms’ decisions to invest in intangibles,
expand across borders, and reallocate profits as jointly determined outcomes of productivity het-
erogeneity, scalable technologies, and globalization frictions. By embedding these choices in a
multi-region general equilibrium setting, the model captures equilibrium feedbacks, selection into
multinational activity, and the interaction between firm organization and aggregate outcomes. A
central feature of the framework is the nonrival nature of intangible capital: intangibles are de-
veloped at the firm’s headquarters but can be deployed simultaneously across multiple production
locations, shaping both the incentives to expand internationally and the aggregate consequences

of globalization.

We formalize the nonrival nature of intangible capital as a technological feature that allows a
firm to deploy the same stock of intangible assets across multiple production locations simulta-
neously. Intangible capital is developed at the firm’s headquarters and enters production in each
subsidiary alongside locally hired rival inputs, implying that the return to intangible investment
rises with the firm’s multinational scope. Building on our prior work (Dyrda et al., 2024a), we in-
corporate profit shifting through transfer pricing of intangible assets, allowing multinational firms

to reallocate ownership of intangible capital—at a cost—to low-tax jurisdictions.

Within this framework, two mechanisms link intangible investment, multinational expansion,
and profit shifting. First, reductions in the cost of producing intangible capital and declines in bar-
riers to multinational expansion act as scalable complements: each force independently raises in-

tangible intensity and the propensity to operate abroad, but their joint effect is superlinear. Second,



profit shifting emerges endogenously from the interaction of tax differentials, enforcement costs,
and intangible scalability, further amplifying firms’ incentives to invest and expand. Together,
these mechanisms generate mutually reinforcing dynamics in intangible intensity, multinational

production, and profit shifting.

Our third contribution is a quantitative analysis that disciplines the model and connects its
firm-level mechanisms to aggregate trends. While full counterfactual decompositions are ongo-
ing, we present preliminary results that illustrate the model’s core mechanisms and quantify key
complementarities. This analysis is designed to serve two purposes: to organize the data around
a coherent structural framework, and to quantify the relative importance of technological change,
globalization, and tax incentives in shaping firms’ organizational choices. The quantitative strategy

is deliberately parsimonious, focusing on the key margins emphasized by the theory.

We proceed in three steps. First, we infer time paths for the model’s key primitives over the
period 1995-2023 so that the framework rationalizes the observed joint rise in intangible intensity
and multinational activity. In particular, we back out changes in the cost of intangible investment
and in globalization frictions that are consistent with the evolution of these two aggregate trends.
This exercise is best interpreted as a structural accounting, in which the inferred wedges sum-
marize the forces required for the model to replicate the data. Importantly, this approach does
not mechanically pin down complementarities. The strength of the interaction between intangible
investment and multinational expansion is not targeted or imposed, but instead emerges endoge-
nously from firms’ optimal responses to the inferred wedges, the nonrival nature of intangible
capital, and productivity heterogeneity. Once the wedges are disciplined by the aggregate trends,
the model generates additional implications—for firm-level behavior, selection into multinational
activity, and aggregate productivity—that are not directly targeted and therefore provide discipline

on the underlying mechanisms.

Second, we use the model for external validation by asking whether it reproduces key cross-
sectional and dynamic patterns documented in the data that are not targeted in the inference of
aggregate wedges. In particular, we examine whether the model generates the strong positive
relationship between intangible intensity, multinational status, and productivity, as well as the
evolution of intangible investment around multinational entry and the initiation of profit-shifting
activity. This exercise evaluates whether the model’s structural mechanisms— nonrival intangible
capital, endogenous multinational expansion, and productivity-driven selection—are capable of
replicating the magnitude and structure of the empirical interdependence across firms without

being imposed by construction.



Third, we use the model to conduct counterfactual experiments that isolate and decompose the
roles of technological change, globalization, and tax incentives in shaping firm behavior. Using the
inferred paths of intangible investment costs and globalization frictions, we compare counterfac-
tual scenarios in which individual forces are held fixed at their initial levels to scenarios in which
multiple forces evolve simultaneously. Tax incentives enter these exercises as part of the policy
environment and are varied directly in counterfactuals, rather than inferred from aggregate trends.
These experiments allow us to quantify how much of the rise in intangible intensity, multinational
activity, and profit shifting is attributable to each force on its own, and how much arises from
their interaction. In particular, the counterfactuals make it possible to assess the extent to which
complementarities between intangible investment and multinational expansion amplify firm-level

responses beyond what would be implied by partial-equilibrium effects.

Using the model’s counterfactual structure, we decompose the component of aggregate produc-
tivity growth generated by these forces into contributions from cheaper intangibles, globalization,
and their interaction, and trace how these gains are distributed across firms and production lo-
cations. A key implication is that productivity growth generated by scalable intangibles is highly
uneven: itis disproportionately driven by multinational firms—particularly through foreign-owned
production—and concentrated among the most productive firms. In this sense, the paper provides
a structural interpretation of how globalization and the rise of intangibles jointly shape not only

firm organization, but also the sources and allocation of aggregate productivity growth.

Related Literature. Our paper builds on the idea that nonrival intangible assets generate pow-
erful scale effects. McGrattan and Prescott (2009, 2010) formalize technology capital as a nonrival
input deployable across locations in open economies, while Jones and Tonetti (2020), Perla, Tonetti,
and Waugh (2021), and Benhabib, Perla, and Tonetti (2021) emphasize how scalable technologies
and their diffusion shape reallocation and growth. We contribute to this strand of the literature by
embedding these nonrivalry forces in a quantitative model of heterogeneous multinational firms
where the global footprint is an endogenous choice, and by quantifying how changes in frictions
to operating abroad translate into the joint distribution of firm scale, intangible intensity, and ag-

gregate outcomes in general equilibrium.

Relatedly, recent work links rising concentration and firm scale to the growing importance of
intangible capital and to changes in the costs of operating at large scale. Crouzet, Eberly, Eisfeldt,
and Papanikolaou (2022) document that intangible-intensive firms are systematically larger, more
scalable, and account for a rising share of aggregate activity, while Aghion, Bergeaud, Boppart,

Klenow, and Li (2023) and Klenow and Li (2025) emphasize how shifts in entry and expansion



costs generate endogenous concentration and declining dynamism. Our framework complements
these contributions by providing an open-economy, quantitative mechanism through which scal-
able intangible assets interact with firms’ extensive-margin decisions to expand across borders,

shaping the equilibrium distribution of firm scale and aggregate outcomes.

A related literature shows that international tax policies affect firms’ real decisions, not only
the location of reported profits. Bilicka, Devereux, and Giiceri (2024) document that policies curb-
ing profit shifting raise firms’ cost of capital and can reduce real investment, even when some firms
continue to shift profits. In related work, Dyrda et al. (2024a) develop a positive theory of profit
shifting with nonrival intangible capital, highlighting how tax-induced changes in shifting incen-
tives affect real investment and production decisions, while Dyrda, Hong, and Steinberg (2024b)
study the optimal taxation of multinational enterprises in a global economy and derive normative
implications for international tax design. Suarez Serrato (2018) emphasizes that eliminating tax
havens can generate unintended real effects as firms adjust their economic activity. Our contri-
bution is to show the presence of scalable complementarity between profit shifting incentives and
firms’ global expansion decisions, and to illustrate how this interaction has first-order implications

for productivity dynamics and long-run macroeconomic trends.

The remainder of the paper is organized as follows. Section 2 presents empirical evidence doc-
umenting the joint evolution of intangible intensity, multinational production, and profit shifting.
Section 3 develops the theoretical framework and derives its main qualitative implications. Section
4 introduces the quantitative model and describes its equilibrium. Section 5 validates the model
and presents the main quantitative results. Section 6 studies the implications of the framework for

aggregate productivity. Section 7 concludes.

2 Empirical Analysis

This section documents empirical evidence on the interconnection between intangible capital,
multinational production, and profit shifting. We proceed in four stages. First, we describe our
data sources and the construction of key variables. Second, we document secular trends in intangi-
ble intensity, multinational production, and profit shifting over the period 1995-2023 and examine
cross-sectional relationships between these phenomena using panel regressions. Third, we employ
an event-study design to analyze the dynamic effects of multinational entry and profit-shifting ini-
tiation on intangible intensity. Finally, we document the relationship between firm productivity

and intangible intensity, providing evidence of selection into multinational status.



2.1 Data

Our primary dataset is the Compustat North America database, which covers publicly listed U.S.
and Canadian firms, from 1995 to 2023. We utilize the Annual Fundamentals dataset to extract
consolidated, firm-level balance sheet and income statement information, including total revenue,
cost of goods sold, research and development (R&D) expenditure, selling, general and administra-
tive (SG&A) expense, as well as tangible and intangible assets. We only use the domestic version
of the dataset, which has been standardized across firms and years for comparability. We exclude
firm-year observations with missing industry codes and those with non-positive or missing values

of total revenue.

Measuring intangible capital. Our theoretical framework centers on the nonrivalry of intangi-
ble capital: unlike tangible inputs, intangibles can be deployed simultaneously across multiple pro-
duction locations without diminishing their productivity at any single site. This property is what
generates the complementarity between intangible investment and multinational expansion: a firm
that develops a patent, algorithm, or product design at headquarters can deploy it across all for-
eign subsidiaries at zero marginal cost. This theoretical focus disciplines our measurement choice.
We construct intangible capital as the sum of balance-sheet intangibles and internally-generated
knowledge capital from capitalized R&D expenditures, following Peters and Taylor (2017). This
measure captures the canonical nonrival inputs: patents, proprietary software, product designs,
chemical formulas, and other forms of codified knowledge that can be scaled globally. We delib-
erately exclude organizational capital constructed from SG&A expenses, despite its use in related
literature (Eisfeldt and Papanikolaou, 2013). While organizational capital includes some nonrival
components, such as codifiable management practices or brand equity, it also encompasses sub-
stantial location-specific, rival investments: local employee training, market-specific advertising,
regional supplier relationships, and management attention subject to span-of-control constraints.
Moreover, the profit-shifting mechanisms we emphasize (transfer pricing of intellectual property,
cross-border deployment of R&D outputs) operate primarily through knowledge capital rather

than organizational capital.

Our primary outcome variable is intangible intensity, defined as the ratio of intangible capital
to total assets, where total assets equals the sum of intangible capital and tangible capital (property,

plant, and equipment):

Intangible Capital,,

(1)

%it Intangible Capital,;, + Tangible Capitaljt'



This measure captures the firm’s reliance on scalable, nonrival inputs relative to location-specific

factors.

Measuring multinational activity. To measure the extent of multinational production, we use
a linked database combining Compustat data with firm-level disclosures to the U.S. Securities and
Exchange Commission (SEC), accessed through Wharton Research Data Services (WRDS). By the
SEC rules, public firms in the U.S. are required to disclose the country of incorporation and own-
ership structure for subsidiaries in which they hold at least a 10% ownership stake. We use this
information to measure multinational activity along both extensive and intensive margins. On the
extensive margin, we classify a firm as a multinational enterprise (MNE) in year ¢ if it reports at
least one foreign subsidiary in its Exhibit 21 disclosure for that fiscal year. On the intensive margin,
we construct two measures: (i) the number of distinct foreign countries in which the firm operates
subsidiaries, and (ii) the share of foreign segment revenue in total consolidated revenue, obtained

from geographic segment disclosures.

Measuring profit shifting. We measure profit shifting along both extensive and intensive mar-
gins. On the extensive margin, we identify profit-shifting firms as those with foreign subsidiaries
in any of the tax-haven countries identified by Terslav, Wier, and Zucman (2022). On the intensive
margin, we use firm-year estimates of the share of profits shifted from Delis, Delis, Laeven, and

Ongena (2024), which provides granular measures of profit-shifting intensity since 2009.
2.2 Secular Trends

We document four sets of secular trends over our sample period: the rise in intangible intensity,
the expansion of multinational production, the growth of profit shifting, and the decline in the
costs of intangible investment and foreign expansion. Figure 1 summarizes the first three trends

using Compustat data.
2.2.1 The Rise in Intangible Intensity

Figure 1, Panel (a) displays the evolution of intangible intensity from 1995 to 2023. Average in-
tangible intensity, computed as the unweighted mean across firms, increased from 26% in 1995 to
47% in 2023, nearly a doubling over the sample period. The revenue-weighted average exhibits a
similar trajectory, rising from 16% to 38%. This secular increase in intangible intensity is consistent
with extensive prior documentation in the literature (Corrado, Hulten, and Sichel, 2009; Crouzet
et al., 2022).



Figure 1: Secular Trends of Intangible Intensity, MNEs, and Profit Shifting: 1995 - 2023
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Notes: This figure displays the time series of key variables from 1995 to 2023 using Compustat North America data. Panel (a) shows intangible
intensity, defined as the ratio of intangible assets to total assets. Intangible assets include balance-sheet intangible assets (externally acquired) and
internally generated intangible capital constructed by capitalizing R&D expenditures using the perpetual inventory method following Peters and
Taylor (2017), with industry-specific depreciation rates ranging from 15% to 40%. Total assets are defined as the sum of tangible (property, plant,
and equipment) and intangible assets. Panel (b) shows the share of firms classified as multinational enterprises (MNEs), defined as firms reporting
at least one foreign subsidiary in Exhibit 21 of SEC 10-K filings. Panel (c) displays the foreign sales share among MNEs, calculated as the ratio
of foreign segment revenue to total consolidated revenue. Panel (d) shows the share of MNEs with at least one subsidiary located in a tax-haven
jurisdiction, as identified by Terslov et al. (2022). In all panels, dashed lines represent unweighted averages across firms, while solid lines represent
revenue-weighted averages. The sample excludes firm-year observations with missing industry codes, or non-positive total revenue.

A natural concern is whether the aggregate trend reflects within-industry increases in intan-
gible intensity or compositional shifts toward high-intensity industries. We address this concern
in two ways. First, Figure 2, Panel (a) plots the kernel density of intangible intensity aggregated to
four-digit NAICS industries using firm revenue weights, separately for 1995 and 2023. The right-
ward shift of the entire distribution indicates broad-based increases across the intensity spectrum,

rather than reallocation toward a subset of high-intensity sectors.
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Figure 2: Intangible Intensity Across Industries Over Time
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Notes: This figure examines whether the secular increase in intangible intensity reflects within-industry changes or compositional shifts across
industries. Panel (a) presents kernel density estimates of intangible intensity aggregated to 4-digit NAICS industries using firm revenue weights,
separately for 1995 (dashed line) and 2023 (solid line). The rightward shift indicates a broad-based increase in intangible intensity across the
distribution rather than a reallocation toward high-intensity industries. Panel (b) displays counterfactual intangible intensity series constructed
by holding industry revenue shares fixed at their 1995 levels while allowing within-industry intangible intensities to evolve. The “Constant 2D’
“Constant 3D,” and “Constant 4D” series fix industry composition at the 2-digit, 3-digit, and 4-digit NAICS level, respectively. The close tracking of
counterfactual series with the actual series (solid red line) confirms that the aggregate trend is driven primarily by within-industry increases. For
more granular industry definitions than 2 digits, we restrict attention to NAICS industries present throughout the 1995-2023 sample period.

Second, Panel (b) displays counterfactual intangible intensity series constructed by holding
industry revenue shares fixed at their 1995 levels while allowing within-industry intangible inten-
sities to evolve. The counterfactual series track the actual series closely regardless of whether we
fix composition at the two-digit, three-digit, or four-digit NAICS level. This decomposition con-
firms that the aggregate trend is driven overwhelmingly by within-industry increases rather than

sectoral reallocation.
2.2.2 The Expansion of Multinational Production

Figure 1, Panel (b) documents significant growth in multinational activity over the sample period.
The unweighted share of firms classified as MNEs increased from 7% in 1995 to approximately 30%
by 2020 before declining slightly thereafter. The expansion of multinational production is evident
not only at the extensive margin but also along the intensive margin. Figure 3, Panel (a) shows
that the average number of foreign countries in which MNEs operate subsidiaries increased from
approximately 5 in 1995 to around 10 by 2020, with revenue-weighted averages showing steeper
growth. Panel (c) of Figure 1 further demonstrates that the share of foreign sales in total MNE
revenue has risen steadily, from 10% (unweighted) in 1995 to 22% by 2023. These patterns indicate

deepening global integration beyond simply entering new markets.
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Figure 3: Intensive Margin of MNE Expansion and Profit Shifting
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Notes: This figure documents trends in the intensive margin of multinational activity and profit shifting from 1995 to 2023. Panel (a) displays
the average number of foreign countries in which MNEs operate subsidiaries, as reported in Exhibit 21 of SEC 10-K filings. Panel (b) shows the
average share of profits shifted to low-tax jurisdictions, using firm-year estimates from Delis et al. (2024). The Delis et al. methodology estimates
profit shifting as the difference between reported profits and counterfactual profits implied by firms’ real economic activity, exploiting variation in
subsidiary locations and tax rates. These estimates are available beginning in 2009. The sharp decline in shifted profits after 2017 coincides with
the implementation of the Tax Cuts and Jobs Act (TCJA), which introduced provisions such as the Global Intangible Low-Taxed Income (GILTI)
tax and the Foreign-Derived Intangible Income (FDII) deduction designed to reduce profit-shifting incentives. Dashed lines represent unweighted
averages, and solid lines represent revenue-weighted averages.

2.2.3 The Growth of Profit Shifting

Figure 1, Panel (d) displays the evolution of profit-shifting activity, measured as the share of MNEs
with at least one subsidiary in a tax-haven jurisdiction. This share increased from 55% in 1995 to
a peak of 74% in 2017, with revenue-weighted averages consistently higher, reflecting that larger
firms are more likely to engage in tax optimization strategies. The sharp decline following 2017
coincides with the implementation of the Tax Cuts and Jobs Act (TCJA), which introduced pro-
visions specifically designed to curtail profit shifting, including the Global Intangible Low-Taxed
Income (GILTI) tax.'

The intensive margin of profit shifting tells a consistent story. Figure 3, Panel (b) displays the
average share of profits shifted to low-tax jurisdictions using firm-year estimates from Delis et al.
(2024). The unweighted average rose from approximately 14% in 2009 to nearly 30% by 2017, before
declining sharply following the TCJA. The co-movement of aggregate trends in intangible intensity
and profit shifting aligns with theoretical predictions linking intangible capital to transfer pricing

opportunities (Dyrda et al., 2024a).

'See Dyrda, Hong, Sajid, and Steinberg (2025) for a detailed analysis of the TCJA’s impact on profit shifting.
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Figure 4: Declining Costs of Intangible Investment and FDI Barriers: 1995-2023

2501 -
= T~a ~ =+ Non-OECD
S 200 0.3 DR OECD
Il = ~
o~ ~

N 0] & 0.2 S~
= 150
Q 5 \\ -
\?lj/ S 0.1- \ 7
3 100+ .
k=

501 0.0

2000 2010 2020 2000 2010 2020
Year Year

(a) Intangible Investment Costs (b) FDI Regulatory Restrictiveness

Notes: This figure documents the decline in the costs of intangible investment and foreign direct investment over the sample period. Panel (a)
presents the Bureau of Economic Analysis (BEA) Price Index for Private Fixed Investment in Intellectual Property Products (IPP), deflated by the
Consumer Price Index (CPI) and normalized to 100 in 2017. Three series are shown: the aggregate IPP index (solid red), the R&D component (dashed
blue), and the software component (dashed green). The software price index exhibits the steepest decline, falling from approximately 240 in 1995
to 70 in 2023, reflecting rapid technological progress in information technology. Panel (b) displays the OECD FDI Regulatory Restrictiveness Index,
which measures statutory restrictions on foreign direct investment including foreign equity limitations, screening and approval requirements,
restrictions on key foreign personnel, and operational restrictions. The index ranges from 0 (fully open) to 1 (fully closed). Separate series are
shown for OECD member countries (solid blue) and non-OECD countries (dashed red). Both groups experienced substantial liberalization, with the
OECD average falling from 0.13 to 0.06 and the non-OECD average declining from 0.33 to 0.18.

2.2.4 Declining Costs of Intangibles and FDI Barriers

The secular trends documented above occurred alongside substantial declines in the costs of in-

tangible investment and foreign expansion. Figure 4 presents evidence on both margins.

Panel (a) presents the BEA Price Index for Private Fixed Investment in Intellectual Property
Products (IPP), deflated by CPI and normalized to 100 in 2017. The overall IPP price index declined
from approximately 150 in 1995 to 85 in 2023, representing a roughly 40% reduction in the real cost
of intangible investment over this period. The decline is particularly pronounced for software,

which fell from approximately 240 in 1995 to around 70 in 2023, a nearly 70% reduction.

Panel (b) presents the OECD FDI Regulatory Restrictiveness Index, which measures statutory
restrictions on foreign direct investment across countries. Both OECD and non-OECD countries
have experienced substantial reductions in FDI barriers since 1997. The average FDI restrictiveness
index for OECD countries fell from approximately 0.13 to 0.06, while non-OECD countries saw
declines from approximately 0.33 to 0.18. These reductions reflect widespread liberalization of
foreign investment regimes, including the removal of equity restrictions, screening requirements,

and operational restrictions on foreign-owned firms.
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Table 1: Intangible Intensity, Multinational Production, and Profit Shifting

Dependent Var Intangible Intensity
(1) (2) 3) (4) 5) (6)
MNE indicator 0.09** 0.12*** 0.06***
(0.01)  (0.01)  (0.00)
X post—2005 0.05***  0.05** 0.05***
0.01)  (0.01)  (0.01)
TA-region indicator 0.03*** 0.04™* 0.03"**
(0.01)  (0.01)  (0.01)
X post—2005 0.03***  0.04™** 0.02**
0.01)  (0.01)  (0.01)
Industry FE N N Y N N Y
Control for log revenue N Y Y N Y Y
Observations 27,318 27,318 27,318 11,925 11,925 11,925

Notes: This table reports OLS estimates of the relationship between intangible intensity and indicators for multinational status and profit-shifting
activity. The dependent variable in all columns is intangible intensity, defined as the ratio of intangible assets (including capitalized R&D) to total
assets. “MNE indicator” equals one if the firm reports at least one foreign subsidiary in Exhibit 21 of its SEC 10-K filing. “TA-region indicator” equals
one if the firm has at least one subsidiary in a tax-haven jurisdiction identified by Terslev et al. (2022). “Post-2005” is an indicator for observations
from 2006 onward. Columns (1)—(3) examine the full sample; columns (4)-(6) restrict to MNEs only (to examine within-MNE variation in tax-haven
presence). All specifications include year fixed effects. Columns (2), (3), (5), and (6) include log total revenue as a control for firm size. Columns (3)
and (6) additionally include 4-digit NAICS industry fixed effects to absorb systematic cross-industry variation in intangible intensity arising from
differences in production technology or accounting conventions. Standard errors, reported in parentheses, are clustered at the year level to account
for aggregate shocks affecting all firms within a year. Significance levels: *p < 0.10, **p < 0.05, ***p < 0.01.

The concurrent decline in both intangible costs and FDI frictions, alongside the rise in intan-
gible intensity, multinational production, and profit-shifting, raises a natural question: how much
of the observed trends in firm behavior can be attributed to these cost reductions? Moreover, how

do these cost reductions interact? Our quantitative model is designed to answer these questions.
2.3 Cross-Sectional Analysis
2.3.1 Empirical Specification

We now examine the cross-sectional relationships between intangible intensity, multinational pro-

duction, and profit shifting. We estimate the following regression:
S;t = o+ Bll{POSt-ZOOSﬁ} + ﬂgl{th} -+ ﬁgl{POSt—ZOOSjt} X 1{th} + th6 -+ Ejt

where 1{X;} is an indicator for whether firm j in year ¢ is an MNE or has a subsidiary in a tax-

avoidance region, and 1{Post-2005;;} is a post-2005 time indicator. Zj; is a vector of controls.
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In our fullest specifications, we include: (i) year fixed effects to account for the secular increase
in intangible intensity over our analysis period, (ii) industry fixed effects to account for system-
atic variation in intangible intensity across industries (e.g., differences in production technology,
or systematic over/underreporting of intangibles on firm balance sheets from accounting conven-
tions), and (iii) log firm revenue to proxy for time-varying firm characteristics, such as idiosyncratic

productivity.

Table 1 reports results. Columns (1)-(3) examine the relationship between intangible intensity
and MNE status in the full sample. Column (1) includes only year fixed effects, yielding a coefficient
of 0.09: MNEs have 9 percentage points higher intangible intensity than domestic firms. Adding a
control for log revenue (column 2) increases the coefficient to 0.12, indicating that the unconditional
correlation understates the conditional relationship: within revenue categories, MNEs are even

more intangible-intensive.

Our preferred specification in column (3) adds industry fixed effects, yielding a baseline co-
efficient of 0.06 for the pre-2005 period. The interaction with the post-2005 indicator is positive
and statistically significant (0.05), indicating that the intangible intensity gap between MNEs and
domestic firms nearly doubled after 2005. This temporal pattern is consistent with the hypothesis
that declining barriers to globalization and intangible investment have disproportionately bene-

fited intangible-intensive firms.

Columns (4)-(6) restrict attention to MNEs and examine variation in tax-haven presence. In
our preferred specification (column 6), MNEs with tax-haven subsidiaries have 3 percentage points
higher intangible intensity than MNEs without such presence during the pre-2005 period, with the

gap widening by an additional 2 percentage points thereafter.
2.3.2 Intensive-Margin Relationships

The positive associations documented above extend to intensive-margin measures. Figure 5, Panel
(a) presents a binned scatter plot of intangible intensity against the number of foreign countries
in which a firm operates, separately for pre- and post-2005 periods. The positive slope indicates
that firms with broader geographic reach exhibit higher intangible intensity, with the relationship

steepening over time.

Panel (b) plots intangible intensity against the firm-level profit-shifting ratio from Delis et al.
(2024). The positive correlation indicates that firms engaging in more aggressive profit shifting
exhibit substantially higher intangible intensity, consistent with the theoretical prediction that in-

tangible assets, due to their mobility and difficulty of valuation, facilitate profit reallocation across
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Figure 5: Intangible Intensity versus Intensive Margin of Profit Shifting and MNE expansion
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Notes: This figure presents binned scatter plots of intangible intensity against intensive-margin measures of multinational expansion and profit
shifting. Each point represents the mean intangible intensity within a bin defined by the y-axis variable, with 20 equal-sized bins. Panel (a) plots
intangible intensity against the number of foreign countries in which the firm operates subsidiaries. Red squares denote observations from 1995-
2005; blue circles denote observations from 2006-2023. The fitted lines (OLS) illustrate the positive cross-sectional relationship, which steepens
in the later period. Panel (b) plots intangible intensity against the firm-year profit-shifting ratio estimated by Delis et al. (2024), available from
2009 onward. The profit-shifting ratio measures the share of total profits reallocated to low-tax jurisdictions through transfer pricing and related
mechanisms. The positive slope indicates that firms engaging in more aggressive profit shifting exhibit higher intangible intensity, consistent with
the theoretical prediction that intangible assets, due to their mobility and difficulty of valuation, facilitate profit reallocation across jurisdictions.

jurisdictions.

We note that the estimated cross-sectional relationship may be driven by many unobserved
firm characteristics, such as productivity and tradability of the product. They are also subject to
reverse causality, namely, high intangible intensity firms are more likely to open more foreign
subsidiaries and engage in profit shifting. Therefore, we view these results as suggestive evidence

and will later apply the quantitative model to shed light on the mechanisms.
2.4 Dynamic Effects of MNE Entry and Profit Shifting

To examine the temporal relationship between multinational status and intangible intensity, we
employ an event-study design that exploits variation in the timing of firms’ transitions to MNE

status or initiation of profit-shifting activity.

We employ the interaction-weighted (IW) estimator, as introduced in Sun and Abraham (2021),
to estimate the dynamic treatment effects of MNE status or profit-shifting on intangible intensity
for a balanced panel of firms spanning 1995 to 2023. Specifically, we focus on the impact of a firm
first attaining MNE status or initially engaging in profit-shifting. In the context of staggered treat-

ment adoption, the IW estimator offers significant advantages. It mitigates contamination from
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treatment effects in other periods and accounts for treatment effect heterogeneity, an issue when
applying the standard two-way fixed-effects (TWFE) event-study approach. To address variations
in the duration that firms remain MNEs or engage in profit-shifting, we estimate treatment effects
separately for cohorts of firms based on their initiation year of treatment. Specifically, we run the

following regression

S =7 + 0+ Z Z Ber * Lip,=e) - Lt—Ei=r} + €jt; (2)
edC 141

where F; is the year when firm j becomes an MNE or begins profit shifting, and 3. - is the cohort-
specific average treatment effect on the treated (CATT) 7 periods from initial treatment for the
cohort of firms first treated in year e. We use firms that never become multinational enterprises
(MNEs) or engage in profit-shifting as the control group C' . We include all relative time indicators
7, excluding only the indicator for the period before treatment (7 = —1) to address multicollinear-
ity. The dynamic treatment effect estimate for each relative time period is given by the average of
Beﬁ, weighted by the proportion of each cohort e in the relative time period 7. Treatment is ab-
sorbing: once a firm becomes an MNE or initiates profit shifting, it remains treated in subsequent

periods.

The IW estimator identifies CATT under two key assumptions. First, parallel trends: in the
absence of treatment, treated and control firms would have experienced parallel evolution of in-
tangible intensity. We assess this assumption by examining pre-treatment coefficients (7 < 0);
under parallel trends, these should be statistically indistinguishable from zero. Second, no antic-
ipation: firms do not adjust their intangible intensity in anticipation of future treatment. This
assumption may be violated if firms increase R&D investment prior to planned international ex-
pansion, in which case pre-treatment coefficients would be positive. We examine this possibility

in our results.

A maintained assumption is that treatment timing is exogenous conditional on firm and year
fixed effects. This is unlikely to hold exactly: firms endogenously choose when to expand inter-
nationally based on productivity shocks, market opportunities, and strategic considerations. We
therefore interpret our estimates as descriptive of the average experience of firms before and after

treatment, rather than as causal effects of treatment per se.

Figure 6 shows that both becoming an MNE and initiating profit-shifting activities are associ-
ated with sustained increases in intangible intensity. MNE expansion increases intangible intensity

by approximately 6 percentage points after 2-4 years, with the effect emerging around one year
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Figure 6: Event Study: Dynamic Effects of MNE Entry and Profit-Shifting Initiation

0.104 0.104
0.054 0.05
0.00 /._‘\‘\\.,——- 0.00 AVJ\-/\
-0.05 -0.05
-0.104 -0.104
4 2 0 2 4 4 2 0 2 4
Years to treatment Years to treatment
(a) MNE (b) Profit Shifting

Notes: This figure displays dynamic treatment effect estimates from event-study regressions examining how intangible intensity evolves around
firms’ transitions to multinational status (Panel a) or initiation of profit-shifting activity (Panel b). The plotted coefficients are cohort-share-weighted
averages of the Beﬂ— estimates from Equation (2). The omitted category is 7 = —1 (one year before treatment). Shaded bands represent 95%
confidence intervals based on standard errors clustered at both the firm and year level. The flat pre-trends (coefficients near zero for 7 < 0) support
the parallel trends assumption. Panel (a) shows that MNE entry increases intangible intensity by approximately 6 percentage points within 2-4
years. Panel (b) shows that profit-shifting initiation increases intangible intensity by approximately 3 percentage points over a similar horizon.

after treatment and stabilizing thereafter. Similarly, MNEs engaging in profit shifting increase in-
tangible intensity by approximately 3 percentage points after 2-4 years. The lagged responses in

intangible intensity suggest the presence of adjustment costs in intangible investment.

The event-study results provide evidence of a treatment effect: conditional on a firm’s prior
trajectory, intangible intensity increases following multinational entry. This pattern is consistent
with the nonrivalry mechanism emphasized by our model: once a firm incurs the fixed costs of
foreign expansion, the marginal return to intangible investment rises because intangibles can be

deployed across a larger production base.

However, the event-study estimates cannot distinguish this treatment effect from time-varying
selection. If firms expand internationally precisely when they anticipate high returns to intangible
investment (due to product opportunities, technological breakthroughs, or competitive pressures),
the observed increases in intangible intensity may reflect these underlying shocks rather than a

causal effect of MNE status per se.

Combined with the cross-sectional evidence from Section 2.3, the event studies suggest that
both selection (i.e., high-productivity, high-intangible firms choose to become MNEs) and treatment
(i.e., MNE entry raises intangible intensity) contribute to the observed correlation. Disentangling

these channels requires the structural model developed in Section 3.
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2.5 Productivity, Intangible Intensity, and Selection into Multinational Status

To further investigate the selection mechanism, we examine the relationship between firm-level
productivity and intangible intensity. We estimate firm-level total factor productivity (TFP) using
the Ackerberg, Caves, and Frazer (2015) estimator. Specifically, we assume a (log) Cobb-Douglas

production technology:
Yit = @+ wif + kiy + wir + €t

where y;; is log output (value-added); w; is a vector of log free variables (employment headcount);
ki is a vector of state variables (tangible and intangible capital); w;; is productivity; and ¢;; is an
idiosyncratic error term.” Following Levinsohn and Petrin (2003), we use materials (proxied by
cost of goods sold) as the control variable to address the simultaneity of productivity and input

choices.

Figure 7 displays the relationship between firm TFP and intangible intensity, with bubble size
proportional to the share of MNEs in each TFP vigintile. Appendix B provides corresponding
regression evidence, confirming that these relationships are statistically robust to controls for in-

dustry composition and firm size. Three patterns emerge.

First, intangible intensity increases monotonically with productivity. Firms in the highest TFP
vigintile exhibit intangible intensity approximately 20 percentage points above firms in the lowest
vigintile. This positive gradient is consistent with models in which intangible capital is comple-
mentary to firm productivity, either because productive firms have higher marginal products of

intangible investment, or because intangible investment itself raises measured productivity.

Second, MNE status increases sharply with productivity. The share of MNEs rises from ap-
proximately 20% in the lowest TFP bins to over 40% in the highest bins, consistent with the well-
documented pattern that only the most productive firms find it profitable to bear the fixed costs of
foreign expansion (Melitz, 2003; Helpman, Melitz, and Yeaple, 2004).

Third, the slope of the TFP-intangible intensity relationship appears steeper at higher produc-

2We use employment headcount rather than the wage bill as our labor input measure because Compustat’s staff
expense variable (XLR) has poor coverage, with missing values exceeding 70% of firm-year observations. This choice
implicitly treats labor as homogeneous, so our revenue TFP estimates absorb cross-firm differences in workforce qual-
ity that would otherwise be captured by wage variation. If MNEs systematically employ higher-skilled workers than
domestic firms, our estimates may overstate their productivity advantage. However, our focus on relative rankings
rather than absolute magnitudes, combined with industry-year fixed effects that absorb systematic variation in work-
force composition, mitigates this concern.

19



Figure 7: Selection into Multinational Status: Productivity and Intangible Intensity
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Notes: This figure examines the relationship between firm-level productivity and intangible intensity, and how this relationship varies with multina-
tional status. The z-axis displays firm revenue total factor productivity (TFP), estimated using the Ackerberg et al. (2015) control function approach.
We assume a Cobb-Douglas production function in employment (free variable) and tangible plus intangible capital (state variables), using cost of
goods sold as the proxy variable following Levinsohn and Petrin (2003). Firm-year TFP estimates are residualized by industry-year fixed effects and
normalized to have mean zero. The y-axis displays intangible capital as a share of total assets. Each bubble represents a bin of firm-year observations
grouped by TFP vigintiles. Bubble size is proportional to the share of MNEs within each bin, ranging from approximately 20% in the lowest TFP
bins to over 40% in the highest bins. The fitted line (OLS) illustrates the strong positive relationship between productivity and intangible intensity.

tivity levels. This pattern is consistent with our theoretical result (Proposition 3) that cost reduc-
tions have larger effects for high-productivity firms: if intangible costs have fallen over time, the

induced increase in intangible intensity should be concentrated among the most productive firms.

The productivity-based selection patterns documented in Figure 7 have important implications
for interpreting the earlier cross-sectional and event-study results. The positive correlation be-
tween MNE status and intangible intensity (Table 1) reflects, at least in part, selection on produc-
tivity: firms that choose to become MNEs are more productive and more intangible-intensive, even

absent any causal relationship between multinational status and intangible investment.

Our empirical analysis establishes five principal findings. First, intangible intensity, multina-
tional production, and profit shifting have all increased substantially since 1995, with particularly
rapid growth in the 2000s. Second, these trends occurred alongside declining costs of intangible
investment and FDI barriers. Third, MNEs and profit-shifting firms exhibit significantly higher in-
tangible intensity than their domestic counterparts, with gaps that have widened over time. Fourth,

firms transitioning to MNE status or initiating profit-shifting activity experience subsequent in-
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creases in intangible intensity. Fifth, high-productivity firms are disproportionately intangible-

intensive and more likely to operate internationally, suggesting an important role for selection.

These patterns are consistent with the theoretical mechanisms we formalize in Section 3, but
they do not permit sharp causal inference. The correlational nature of the evidence, combined with

the clear presence of selection effects, motivates the structural approach we develop next.

3 Theory of Multinational Production, Intangible Investment and Profit
Shifting

We develop a theory to study firms’ decisions regarding multinational production, intangible in-
vestment, and profit shifting. We use the framework to show how declining costs of multinational
expansion, intangible investment and profit shifting affect firms’ outcomes of interest, and how the
effects of these costs reductions endogenously complement each other. At the heart of the theory
is the interplay between the non-rivalry of intangible capital and multinational expansion: when
intangible investment costs fall, firms have stronger incentives to scale globally; when expansion
frictions fall, the returns to investing in intangibles rise. In addition, profit shifting enables firms to
decrease global effective tax rate, which further encourages firms to invest and expand. The model
is deliberately parsimonious, delivering transparent comparative statics and a clean mapping to

empirical moments. See Appendix A for detailed derivations and proofs for the theoretical results.
3.1 Environment

Suppose a world that consists of a set of identical, atomic, productive and high-tax countries, J =
[0, J], and a tax haven country, TH. In each productive country, there exists a set of firms that
differ in productivity a € A. We index each firm by its productivity, as all firms with the same
productivity make identical decisions. For simplicity, we assume there is no international trade.
To serve other countries, firms can set up foreign subsidiaries, subject to a multinational expansion
cost that is a function of the number of foreign countries the firm serves, C/ (.J). Firms invest in
its intangible capital z at a marginal cost, M C, which is a non-rival input so can be used in all of
its subsidiaries. Each subsidiary produces a final good using the local rival input [ and the non-
rival input 2. All firms take the input prices of the rival factor w and the intangible capital M C
and output price p as given. Finally, firms can shift a share \ of its global operating profits 7¢
to the tax haven, subject to a profit shifting cost that is a function of the shifted profits paid at
its headquarter. The corporate income tax rate of the productive countries is 7, greater than the

corporate income tax rate of the tax haven, TTH,
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The profit maximization problem of a firm with productivity a is specified as follows.
m(a) = max {@A=7(\ )7 (a,1,2,J) — (1 —7) (MC -2+ C*(\,7%) + C7 (J))}
where 3)
7% (a,l,2,J) = J x 7 (a,l,2)
m(a,l,z) =p xaF (z,1) —wl
(N, 57) = (1 = As™) 7+ As*r 1 H

where 7¢ (), s*) is the firm-level effective tax rate, which is a weighted average of 7 and 77

with the weights determined by profit shifting share A\ and the intangible intensity defined as

§7 = MC-z
- Jwl+MC-z°

(Dyrda et al., 2024a), we assume that the firms transfer a fraction A of the income derived by the

and 7 (a,l, z) is the profits earned in each market. Following our prior work

intangible capital, 7, to the tax haven. Hence, a larger s* increases the effect of A\ on 7¢. The
cost of intangible investment, M C'z, profit shifting C* ()\, 7TG), and the cost of expansion C7 (J)
are all tax-deductible expenditures paid at the headquarter. We make the following assumptions

on the production technology and the cost functions.

Assumption 1. We make the following parametric form assumptions on the production and cost

functions:

1. The production technology features constant elasticity-of-substitution between the two factors,
that is

Fe0) = |+ (1= )5 |7
where is the returns-to-scale, o is the elasticity of substitution between z and l, and y is the
input weight of z in the CES production function. We assume o < 1, 0 > 1 and the weight on

the rival input, 1 — p, is sufficiently large.

2. The expansion cost is iso-elastic in the number of foreign countries, that is
cl(J)y=0c’g

where C? > 0 governs the level of the cost function, and v > 1 is the cost elasticity with
respect to the number of foreign subsidiaries. We assume the marginal cost of multinational
expansion increases faster than the global profits as the firm operate in more countries, i.e.

G
N> 8lnwalglaj,z,J)’vJ = 0.
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3. The profit shifting cost function is assumed to be an increasing and convex function in A and

linear in 7€

Cr (A7) =C* (A= (1= A)log(1 —N)) - 7.

where C*>0 governs the level of the cost function.

First, assuming DRS technology (o < 1) is standard in an environment of perfect competition
and heterogeneous firms. Assuming o > 1 implies that the firm substitute towards the relatively
cheaper production input. This gross substitutability assumption is supported by the empirical
literature that estimates the elasticity of substitution between intangible capital and rival factors
such as labor and tangible capital (Jerbashian, 2024). The assumption on y requires the rival factor
to account for a non-trivial input share, and it is needed for the complementarity results we will
establish later. Second, we assume that the cost of expansion is convex in the number of foreign
subsidiaries, which reflects information frictions and span-of-control costs of managing a greater
number of establishments (Oberfield, Rossi-Hansberg, Sarte, and Trachter, 2024). The assumption
on 7y ensures that any firm cannot expand indefinitely to earn greater profits. Third, the functional

form assumption of the profit-shifting cost follows our previous work in Dyrda et al. (2024a).

For notational convenience, we introduce the following definitions:
Definition 1. We define the elasticity terms as follows:

JOlny
olng*

1. The elasticity of an endogenous variable y with respect to a variable 3 is defined ase, 3 =

2. The combined elasticity of an endogenous variable y with respect to variables 3, and [35 is

defined as
9*Iny
Eurpe) = Sup T Eus T G R

With the functional form assumptions and the definition, we can derive the endogenous vari-

ables of interest from the first-order conditions of the firm as follows.

o s -1
o = Km,sﬁ 1;“) () J”+1} (@
! -
J = (Wﬂ' ((l,l,Z)) (5)
L (T —7ry)s*
A=1—exp <—(1 o ) (6)
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where 7 (), s*) = %&y) and it decreases with A and s*. The expressions shed light on the
intrinsic interactions between the three phenomena we study. First, multinational expansion in-
centivizes intangible capital deepening at the firm level when o > 1. Second, more intangible
investment enhances per-market profit 7, encouraging a greater extent of expansion. Third, more
intangible investment increases the return of profit shifting. Finally, profit shifting reduces firms’

effective tax rate, prompting greater investment and expansion.
3.2 Theoretical Results
Comparative statics on cost reduction

We first establish a set of comparative statics on how reductions in intangible cost M C, expansion
cost C, and profit shifting cost C* affect intangible intensity s?, multinational expansion .J, and

profit shifting A in the following proposition.

Proposition 1. When intangible cost M C, expansion cost C” or profit shifting cost C* falls, the

following statements hold under the assumptions:
1. all firms increase in intangible intensity, i.e. e, 5 < 0, 3 € {MC,C’,C*};
2. all firms expand in more foreign countries, i.e.c55 < 0, 3 € {MC,C’,C*};

3. all firms shift a greater share of profits to the tax haven, i.e. £y 5 < 0, 3 € {MC,C’,C*}.

The following lemma illustrates the role multinational expansion in mediating the impact on

intangible investment.

Lemma 2. We have %i; = %i; |7+ %ijg—g, B e {MC,C’ C*}. Endogenous multinational expansion
amplifies the effect of cost reductions on the intangible intensity of a firm, i.e. %i;g—g < 0.

The effect of expansion J on intangible intensity s* can be clearly seen in equation (4). In-
tuitively, cost reductions from any source can affect intangible intensity s* through its effect on
expansion J. As intangible capital is non-rival, the increase in J raise the firm-level investment
return on z. When the production inputs are gross substitutes, o > 1, firms optimally substitute
towards the non-rival intangibles as its marginal return increases, pushing up the intangible inten-
sity. This investment effect, in turn, increases the profits the firm can earn in each country, further

fueling greater expansion and higher intangible intensity:.
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Complementarity
Next, we formalize the complementary effects of reductions in MC, C” and C* on 57, J, \.

Proposition 2. The following statements are true under the assumptions fory = {s*, J, A}:

1. The effects of reductions in C’ and MC are complementary: their joint reduction generates

super-linear increases in s*, J and ), i.e.

gy,(C’J,MC>‘ > leyco| + leymcl -

2. The effects of reductions in C’ and C* are complementary: their joint reduction generates super-

linear increases in s*, J and \, i.e.

‘5y7(6J76A) > léy’@J| + ‘5%@)\.’

3. The effects of reductions in MC and C* are complementary: their joint reduction generates

super-linear increases in s*, J and ), i.e.

Sy (MC,ON) > ley,mcl + |5y76_“} :

The inequality results are expressed with absolute values as the elasticities are all negative:
reductions in the costs cause increases in s*, J and \. The first part of the proposition states the
complementary effect of expansion cost C’ and intangible investment cost M C'. Such complemen-
tarity stems from the interdependence of multinational expansion and intangible investment. For
the expansion margin, the effect of lowering expansion costs operates through the induced change
in per-market profits 7. When intangible investment is cheaper, firms raise their intangible capital
to a greater extent as they enter additional markets, which boosts 7 and amplifies the expansion
response. For the intangible intensity margin, the effect of lowing investment cost, in turn, op-
erates through the induced expansion in /. When expansion is cheaper, firms open more foreign
subsidiaries as they increase intangible investment, which further boosts the returns of intangible
investment and induces greater increases in intangible intensity. This positive effect on s* further

raise the returns of profit shifting, thereby increasing the profit shifting share .
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Firm Heterogeneity

The last set of theoretical results concerns the role of firm heterogeneity. We begin by showing

comparative statics of firm productivity a on s*, J and A.

Proposition 3. The following statements are true under the assumptions:

1. Intangible intensity increases with firm productivity, i.e. €5 o > 0.
2. The global scope of production increases with firm productivity, i.e. €5, > 0.

3. The profit shifting share increases with firm productivity, i.e. €5 , > 0

The proposition states that more productive firms choose higher intangible intensity, a larger
global footprint, and shifts a greater share of profits. This selection effect comes from the mono-
tonicity of firm profits in productivity: holding fixed production inputs, more productive firms
earn greater profits in an market. As a result, high-productivity firms are able to expand in more
markets in face of the convex expansion costs, which raises their intangible intensity as we have
shown in Proposition 1. Greater intangible intensity further increases the profit shifting share
A. These theoretical predictions align with our empirical findings: in Appendix B, we document
that higher-productivity firms exhibit greater intangible intensity (Table 6), broader multinational
scope (Table 5), and more aggressive profit shifting (Table 7), with these relationships robust to

controlling for industry and firm size.
Finally, we show that the effects of the cost reductions are greater for high-productivity firms.

Proposition 4. The following statements are true under the assumptions fory = {s*, J, A\}:

1. A decrease in M C increases J, s*, and \ by more for high-productivity firms, i.e.
ey mo)| > leyal +leyncl .
2. A decrease in C” increases J, 5%, and \ by more for high-productivity firms, i.e.

> |6y7a| + }e%CfJ‘ .

‘8%(%@)

3. A decrease in C* increases J, s*, and \ by more for high-productivity firms, i.e.

£y (0| > leval + leyen]-
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The proposition implies that cost reductions have larger effects for high-productivity firms. The
intuition is the same as above: the impact of a cost decline hinges on the firm’s capacity to expand,
which rises with productivity. Higher productivity effectively lowers firm-specific expansion costs
(or raises per-market returns), so firm-level efficiency complements economy-wide cost reductions,
giving rise to high-productivity firms’ stronger global expansion, greater intangible intensities, and

larger profit shifting shares.

We conclude this section with the following remark concerns how profit shifting affects the

measurement of GDP in a country.

Remark 3. As discussed in Guvenen, Mataloni Jr, Rassier, and Ruhl (2021), an implication of profit
shifting is that it artificially decreases the calculated value-added in the US. Consider the micro-
foundation of transfer pricing of intangible capital in Dyrda, Hong, and Steinberg (2022), the transfer
of the ownership of z leads to a A share of the value-added generated by z being accrued to the tax
haven. Formally, using the income approach, the contribution of the value-added by a firm of produc-

tivity a to its headquarter country i is:

vag(a) = [(1 — N)i(zi(a))zi(a) + wy(a)li;(a) + mi(a)] + Z (1= N)V4j(zi(a))zi(a). (7)

JjeJj#1

- / S/

Vv Vv
Headquarter value-added Intangible Income from abroad

Holding all else constant, va;(a) decreases with \. The contribution of the value-added by a
subsidiary of a foreign country j’s MNE to country i is:

vagi(a) = wji(a)lji(a) + mjia) (®)

~
Foreign Subsidiary value-added in i

which is unaffected by profit shifting.

We do not specify the source of the shifted profit (either from intangible or labor income) in the
model setup of this paper. In this environment, the contribution of the value-added by a firm of pro-

ductivity a to its headquarter country i is:

1 1
jed,j#i
Headquarter value-added Contribution to Subsidiary value-added
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The contribution of the value-added by a subsidiary of a foreign country j’s MNE to country i is:

vagi(a) = wiia)li(a) + (1 = Mmi(a), (10)

Vv
Foreign Subsidiary value-added in i

which is affected by profit shifting.

4 Quantitative Theory

This section develops a dynamic, multi-country general equilibrium model designed to quantify the
joint evolution of intangible investment, multinational expansion, and profit shifting. The model
embeds the core mechanisms highlighted in the analytical theory—nonrival intangible capital, en-
dogenous multinational scope, and tax-motivated income reallocation—into a tractable quantita-
tive framework with heterogeneous firms and forward-looking investment decisions. The objec-
tive is twofold: first, to discipline the strength of the key complementarities using firm-level data,
and second, to conduct counterfactual experiments that decompose the observed trends into tech-

nological change, globalization, and tax policy.
4.1 Households.

Each region 7 has a representative household with preferences over sequences of consumption,

{Cit}22,, and labor supply, { L;: }7°,, given by

25t {log (%) + 1 log (1 - Lﬁf)} : (11)

Households choose consumption, labor supply, tangible investment, { X;; }$°, and internationally-

traded bonds, { Bj;1+1}7°, to maximize utility subject to a sequence of budget constraints,
Pi[Cit + Kitr1 — (1 = 6) Kig] + PoBirr1 = (1 — Taee) Wit Lit + Rit Ky + By + Dy + Ti,  (12)

taking the wage, W, the labor income tax rate, 7;4, the rental rate, R;;, the bond price, Py, divi-

dends, D;;, and lump-sum transfers 7}; as given.
4.2 Firms

Firms are the central decision-making units in the model. They are heterogeneous in productivity

and dynamically choose intangible investment, multinational expansion, and profit-shifting inten-
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sity in response to prices, taxes, and policy frictions. Each firm is headquartered in a single country
but may operate production units in multiple foreign locations, allowing intangible capital devel-
oped at headquarters to be deployed globally. We describe the firm problem in stages, beginning
with production technology and intangible accumulation, followed by multinational expansion,

profit shifting, and the firm’s static and dynamic optimization problems.

Production technology. Firms are headquartered in a home country ¢ and may operate pro-
duction units in a set of foreign countries j. A firm with productivity a and intangible capital stock

z produces output in country j according to

o—1

o—1 0
fila, 2, k5, 05) = a-1{i # Y1 —n) |pz= + (1 —p) (k567°) ° } 7 (13)

where k; and /; denote tangible capital and labor hired locally in country j. Intangible capital z is
a nonrival input that can be deployed simultaneously across all production locations of the firm,
while tangible capital and labor are rival and location-specific. The parameter o governs the labor
share within the rival input bundle, ¢ controls the importance of intangibles in production, and
o > 1 is the elasticity of substitution between intangible capital and the composite rival input.
The parameter 7 € (0, 1) captures variable barriers to foreign production, which reduce effective
productivity in foreign affiliates relative to the headquarters location. Finally, § < 1 governs

returns to scale at the plant level, ensuring decreasing returns to production at each location.

Intangible capital accumulation. Intangible capital is accumulated at the firm level and is
nonrival across production locations. At the beginning of each period, a firm enters with an existing
stock of intangible capital z and chooses new intangible investment =, denominated in units of the

home country’s final good. Intangible capital evolves according to
Z=01-08)z+z,

where 6 € (0, 1) is the depreciation rate of intangible capital. Investment in intangibles is subject to
a constant marginal cost M C and a convex adjustment cost, so that total investment expenditures

equal

(1—7) {MC’—CE%—%xﬂ,

where ¢ > 0 governs the degree of adjustment frictions. Adjustment costs smooth the dynam-
ics of intangible accumulation and generate gradual responses of intangible intensity to shocks,

consistent with the delayed investment responses observed in the data. Because intangible capital
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is nonrival, a higher stock of z raises productivity simultaneously across all domestic and for-
eign production units, implying that the return to intangible investment is increasing in the firm’s

multinational scope.

Multinational expansion. Firms may operate production units in multiple foreign countries in
addition to their headquarters location. Let n € {0,1,...,J — 1} denote the number of foreign
affiliates a firm operates at the beginning of a period. After observing current productivity and
intangible capital, the firm draws an idiosyncratic fixed cost of expanding to an additional foreign

country. The cost of expanding from n to n + 1 affiliates is given by
C;=0C%—c¢, e ~ Gumbel(0, o¢, ),

where C') governs the average level of expansion costs and o, controls their dispersion. After
observing the draw, the firm chooses whether to remain at n affiliates or expand to n + 1 by paying
the fixed cost. Expansion is irreversible within the period and subject to the upper bound .J on the

number of foreign locations.

Multinational expansion increases the scale over which the firm can deploy its intangible cap-
ital. Because intangible capital is nonrival, a higher number of affiliates raises the return to intan-
gible investment by allowing the same stock of z to be used simultaneously across more produc-
tion units. This mechanism generates endogenous selection into multinational status: firms with
higher productivity or higher intangible capital are more likely to find expansion profitable. The
stochastic cost structure ensures smooth aggregate responses of multinational activity to changes

in technology, globalization frictions, and policy parameters.

Profit shifting. Multinational firms may reallocate taxable income across jurisdictions through
profit shifting. We model profit shifting as the reallocation of income generated by intangible
capital from high-tax production locations to a low-tax jurisdiction (a tax haven). Let A\ € [0, 1]
denote the share of global intangible-related income that is shifted. Profit shifting reduces the
firm’s effective tax rate by reallocating income from the statutory rate 7 in productive countries to

the tax-haven rate 711 < 7.

Consistent with Dyrda et al. (2024a), the effectiveness of profit shifting depends on the firm’s
intangible intensity. Intangible capital generates income that is difficult to value and geographically
mobile, making it particularly amenable to transfer pricing. Accordingly, the firm’s effective tax
rate is given by

Te(\, 82) = (1 — As,)T + As, 711, (14)
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where s, denotes intangible intensity, defined as the share of global income attributable to in-
tangible capital. A higher intangible intensity increases the marginal benefit of profit shifting by

enlarging the tax base that can be relocated to the tax haven.

Profit shifting is costly. Firms incur a convex cost proportional to global profits,

C,\()\,Wg) B OAAzﬁg,

DN | —

where (', > 0 governs the level of enforcement, legal, and organizational costs associated with
shifting income. These costs capture resources devoted to tax planning, legal compliance, and the
risk of detection. Through its effect on the effective tax rate, profit shifting increases the after-tax
return to intangible investment and multinational expansion, while greater intangible investment
simultaneously raises the return to profit shifting, generating an additional complementarity chan-

nel in the model.

Static profit maximization. Given productivity a, intangible capital z, and the number of for-
eign affiliates n, the firm chooses local production inputs and profit-shifting intensity to maximize
global after-tax profits. Let country ¢ denote the headquarters location and j = 1,...,n index
foreign affiliates. In each location, the firm rents tangible capital and hires labor at competitive

prices. Static global profits are given by

7T(CL, z, TZ) = (]_ — Te()\, Sz)) szu((l, Z, k?zafz) — I/VZ& — (Sk?z + Z (ijij(a, z, ]{Zj,gj) — ngj — 516])
7j=1

— (1 — 7') C)\()\,ﬂ'g>,

where P; and W; denote the price of the final good and the wage in country j, and ¢ is the
depreciation rate of tangible capital. Tangible capital expenditures are only partially deductible
through depreciation allowances, while profit-shifting costs are fully deductible at the statutory

rate 7.

Within the period, the firm takes (a, z, n) as given and chooses {k;, (;}7_, and A to maximize
profits. Optimal input choices equalize marginal revenue products to factor prices in each location.
Profit shifting trades off the tax savings from lowering the effective tax rate against the convex
shifting cost. Static profits 7(a, z,n) summarize the payoff-relevant state for the firm and enter

the dynamic problem governing intangible investment and multinational expansion decisions.
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Dynamic program. Let the firm’s state at the beginning of a period be (a, z,n), where a is
productivity, z is the stock of nonrival intangible capital, and n € {0, 1,...,J — 1} is the number
of foreign affiliates. Given the within-period static problem, the firm earns optimized after-tax
profits 7(a, z, n). The firm then chooses intangible investment x (and, equivalently, next period’s
stock 2/ = (1 — §)z + x), and faces an expansion opportunity governed by the stochastic fixed
cost described above. Let V' (a, z,n) denote the value function and define the post-investment

continuation value
Wia,z' ,n) = pV(a,z',n) + (1 — pa) / V(d,Z,n)dG(d), (16)

where the firm survives to the next period with probability ¢ and, conditional on survival, keeps

its current productivity with probability p, and otherwise draws a’ from distribution G.

Under the ii.d. Gumbel structure for the expansion cost draw, the discrete choice between
remaining at n affiliates and expanding to n + 1 affiliates admits a closed-form expression for the

expected continuation value. Let

N ! _ ' 1)-C
M%MF%MW@Mﬂ%WUJWwWNH)%yM
UCJ UCJ

which represents the expected value, conditional on (a, z’), of optimally choosing whether to ex-

pand the firm’s multinational footprint in the current period.

Using this representation, the firm’s value function can be written compactly as

V(a,z,n) = max {7‘(‘(&, zn)—(1—7)|MC-x+ %1:2 + BYW(a, 2, n)} (18)

T\

Intuitively, the firm chooses intangible investment (and profit shifting) to maximize current
payoffs plus the expected continuation value, where the option value of expanding from n to n+ 1
affiliates is smoothed by the extreme-value dispersion parameter o¢,. The resulting probability of
expansion is

W(a,z' ,;n+1)—C
oc,

oo
eXp<—W(a’Zl’n)> +1{n<J -1} eXp<_W(a7z/7"+1)—cJ> ’

ocC; agCy

pla,#';n) = ¢ 1{n < J -1} (19)

which is increasing in the net gain from operating one additional affiliate. This dynamic structure
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delivers gradual intangible adjustment through ¢ and smooth extensive-margin responses through

the Gumbel-logit expansion technology.
4.3 Aggregation and Equilibrium

We close the model by aggregating firm-level decisions and defining a stationary recursive equilib-
rium. Aggregate outcomes are obtained by integrating firms’ optimal policies over the stationary
distribution of firm states, accounting for multinational production and cross-border factor usage.
We then characterize the law of motion for the firm distribution and define equilibrium conditions

governing prices, allocations, and market clearing across countries.

Aggregation. Let U;(a, z,n) denote the stationary joint distribution of firms headquartered in
country ¢ over productivity a, intangible capital z, and the number of foreign affiliates n. Given
firms’ optimal static and dynamic policies, aggregate quantities in each country are obtained by

integrating firm-level decisions over this distribution.

Labor market clearing in country ¢ requires that total labor supplied equals labor demand from

both domestic firms headquartered in 7 and foreign affiliates operating in i:
L; = /&-i(a, z,n)d¥;(a, z,n) + Z / Uii(a,z,n) d¥;(a, z,n),
J#i
where (;;(a, z,n) denotes labor hired in country ¢ by a firm headquartered in country j.

Similarly, capital market clearing requires

K; = / kii(a,z,n)d¥Y;(a, z,n) + Z / kji(a,z,n)dV;(a,z,n),
J#
where kj;(a, z,n) denotes tangible capital rented in country 7 by firms headquartered abroad.

Aggregate output in country ¢ is given by

Y; :/fn‘(a,z,ki,&)d%(a,z,n)+Z/fji(a,z, ki 0;) dV;(a, 2, n).
J#

The final good in each country is used for consumption, tangible investment, intangible invest-

33



ment, adjustment costs, and multinational expansion costs. Resource feasibility implies

M + ?xi(a, z,n)* +pi(a, z,n)Cy | d¥i(a, z,n),

1@-:(1@»+Ki—(1—5)m+/{ Ve :

where x;(a, z,n) denotes intangible investment and p;(a, z,n) the probability of multinational

expansion. Government tax revenues are rebated lump-sum to households.

Laws of motion. The evolution of the firm distribution is governed by firms’ optimal policies for
intangible investment and multinational expansion, together with exogenous productivity shocks
and firm exit. Let (a,z,n) denote the firm’s state at the beginning of a period. After choosing

intangible investment z, the firm’s intangible capital evolves deterministically according to

?' = (1=20)z+x(a,2,n).

Productivity follows a Markov process. Conditional on survival, a firm retains its current pro-
ductivity with probability p, and draws a new productivity level ' from distribution G(a’) with

probability 1 — p,. Firms exit exogenously at the end of the period with probability 1 — ).

Multinational expansion occurs after intangible investment and before the next period’s state is
realized. A firm operating n foreign affiliates expands to n + 1 affiliates with probability p(a, 2/, n)
implied by the logit expansion rule, provided n < .J — 1. Otherwise, the firm remains at n. Expan-

sion is irreversible within the period and subject to the upper bound J.

Let U,(a, z,n) denote the distribution of firms headquartered in country i. The law of motion

for this distribution is given by

V(A Z,n) = @D/ [(1—p(a,z',n))Pd € A)1{z" € Z}] d¥Y,(a, z,n),
forn=0,...,J —1,and

V(A Z,n+1)= @D/ [p(a, 2’ ,n)P(d’ € A)1{z' € Z}]dV,(a, z,n),
forn=0,...,J —2,where P(a' € A) = p,1{a € A} + (1 — p,)G(A). Exiting firms are replaced

by entrants with z = 0, n = 0, and productivity drawn from G(a), ensuring a stationary mass of

firms.
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Equilibrium. A stationary recursive equilibrium consists of: (i) firm policy functions for in-
tangible investment x(a, z, n), profit shifting A(a, z, n), and multinational expansion probabilities
p(a, z’,n); (ii) value functions V' (a, z,n) and continuation values W (a, z, n); (iii) stationary firm
distributions {V¥;(a, z,n)},; and (iv) prices {W;, R;, P;}, and aggregate quantities {C;, K;,Y;};,
such that:

1. Given prices, taxes, and policies, firm policy functions solve the static profit maximization

problem and the dynamic program.

2. Firm distributions { W, } are stationary and satisfy the laws of motion induced by firm policies,

productivity shocks, entry, and exit.
3. Labor and capital markets clear in every country <.
4. Goods markets clear and resource constraints hold in every country.

5. Government budget constraints are satisfied, with corporate tax revenues rebated lump-sum
to households.

The equilibrium is symmetric across countries and time-invariant.

5 Preliminary Quantitative Results

This section presents preliminary quantitative results from the dynamic general equilibrium model
developed in Section 4. The objective is not to provide a full quantitative decomposition of histor-
ical trends, but rather to illustrate the model’s core mechanisms and discipline their magnitude.
We proceed in three steps. First, we inspect firm-level policy functions and the implied selection
patterns to clarify how productivity and intangible capital jointly govern multinational expan-
sion. Second, we study comparative statics with respect to key technological and policy parame-
ters—intangible investment costs, expansion costs, and barriers to foreign direct investment—to
understand how different shocks operate through intensive and extensive margins. Third, we
quantify the complementarity between intangible investment and multinational expansion using
a set of transparent counterfactual experiments. Together, these results demonstrate how nonrival
intangible capital shapes firm behavior and generates amplification effects that are central to the

model’s quantitative implications.
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5.1 Inspecting the Mechanism

Multinational Expansion. Figure 8 provides an economic interpretation of the firm’s expan-
sion decision at the extensive margin. Foreign expansion entails a fixed cost, but allows the firm
to deploy its intangible capital across multiple markets. Intangible capital therefore plays a central
role because it is largely non-rival across locations: once developed, it can be leveraged abroad
without proportional increases in production costs. As a result, firms with higher intangible capi-
tal face a higher marginal benefit from expansion, which explains the steep increase in expansion

probabilities along the z dimension.

Policy Function: Expansion to MNE Probability

1.0
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04
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Productivity a

Intangible capital z
Expansion probability

Figure 8: Policy function: expansion (to MNE) probability at n = 0.

Productivity affects the expansion decision through scale. More productive firms operate at a
larger scale in the domestic market, which increases revenues and allows fixed expansion costs to
be amortized over a larger output base. This mechanism raises the expansion probability in produc-
tivity, though more gradually than for intangible capital. The downward-sloping contour captures
the substitutability between these two margins: high productivity can partially compensate for

lower intangible capital, and vice versa, in making foreign expansion profitable.

Taken together, the figure highlights that multinational selection is not driven by productivity
alone. Instead, expansion reflects a joint interaction between scale (productivity) and scalability
(intangible capital), with intangibles governing how effectively firms can translate size into prof-

itable foreign presence.
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Selection. Figure 9 illustrates how the expansion policy in Figure 8 maps into selection and com-
position in the stationary distribution. Panel (a) shows the joint density of firms over productivity
a and intangible capital z. Firm mass is concentrated at relatively low levels of intangible capital,
with productivity dispersion within each z bin. This reflects the fact that intangible accumulation

is costly and that only a subset of firms finds it optimal to operate with high intangible intensity.

Firm Density across (a, z) Fraction of Firms that are MNEs
1.0

0.0100

0.0075

Intangible capital z
°
MNE fraction

Intangible capital z
°
°
8
&nass

0.0025

Productivity a Productivity a
(a) Firm density over (a, ). (b) Fraction of firms that are MNEs over (a, z).

Figure 9: Selection and composition in the stationary distribution.

Panel (b) reports, for each point in the (a, z) space, the fraction of firms that operate as multina-
tionals. Multinational activity is negligible at low levels of intangible capital, regardless of produc-
tivity, but rises sharply with 2. Conditional on sufficiently high intangible capital, even moderately
productive firms exhibit a high probability of foreign expansion, while productivity alone is insuf-

ficient to generate multinational status in the absence of intangibles.

Taken together, the two panels highlight the nature of selection at the extensive margin. Al-
though most firms are small and intangible-poor, multinational firms are disproportionately drawn
from the upper tail of the intangible distribution. Productivity affects selection primarily by shifting
firms along the scale dimension, but intangible capital determines whether scale can be effectively
leveraged across markets. As a result, multinational firms are not simply the most productive firms
in the economy; they are firms that combine sufficient productivity with scalable intangible assets,

leading to a sharp sorting pattern in the stationary equilibrium.
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The selection patterns in Figure 9 are consistent with several well-documented empirical facts
about multinational firms. Empirically, multinational firms are larger, more productive, and sub-
stantially more intangible-intensive than purely domestic firms, but productivity alone does not
fully explain multinational status. The model reproduces this feature by generating selection that
is sharp in intangible capital but gradual in productivity. In particular, the absence of a strict
productivity cutoff mirrors the empirical observation that many highly productive firms remain
domestic, while some moderately productive firms operate internationally. In the model, this oc-
curs because foreign expansion is primarily driven by the presence of scalable intangible assets,
which determine whether scale advantages can be profitably extended across borders. As a result,
multinational firms emerge as a selected subset of firms that combine sufficient productivity with
high intangible intensity, rather than simply occupying the extreme upper tail of the productivity

distribution.
5.2 Comparative Statics: Intangible Investment, Expansion Costs, and FDI Barriers

Figure 10 reports the response of the economy to a reduction in the marginal cost of intangible
investment. Lower investment costs lead firms to accumulate larger stocks of intangible capital,
strengthening the complementarity between intangibles and foreign expansion. As a result, expan-
sion becomes more attractive at the extensive margin, increasing the share of multinational firms.
The rise in intangible capital also raises aggregate intangible intensity, reflecting higher invest-
ment both among incumbent multinationals and among firms that newly select into multinational

status.

Figure 11 shows the effects of a reduction in fixed expansion costs. Lower expansion costs
primarily operate through the extensive margin, drawing marginal and less productive firms into
multinational status. This increases the overall share of multinationals and raises aggregate intan-
gible intensity. However, because newly entering multinationals are less intangible-intensive than
incumbent ones, the average intangible intensity among multinational firms declines. The figure
highlights that changes in expansion costs affect composition as much as firm-level investment

behavior.

Figure 12 considers a reduction in barriers to foreign direct investment. The mechanism closely
mirrors that of lower expansion costs: reduced barriers make foreign operations viable for a
broader set of firms, increasing the multinational share and aggregate intangible intensity. At
the same time, selection effects imply that newly expanding firms are, on average, less intangible-

intensive than incumbent multinationals, leading to a decline in average intangible intensity within
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Figure 10: Decrease in the marginal cost of intangible investment.

the multinational group.

Taken together, these comparative statics illustrate that different policy or technological
changes affect multinational activity through distinct margins. Reductions in the cost of intan-
gible investment primarily operate through the intensive margin by strengthening the comple-
mentarity between intangibles and foreign expansion, while reductions in expansion costs or FDI
barriers mainly affect the extensive margin by altering selection into multinational status. Despite
these differences, all three experiments increase multinational activity and aggregate intangible

intensity, underscoring the central role of intangibles in shaping firms’ global organization.
5.3 Quantifying Complementarity Between Intangible Investment and Expansion

To quantify the interaction between intangible investment incentives and foreign expansion, we
conduct a set of counterfactual experiments that vary the marginal cost of intangible investment
and the fixed cost of expansion. Table 2 reports percentage changes in key outcomes relative to a
baseline with high investment costs and high expansion costs. The table is organized as a 2 x 2
design, where columns correspond to the cost of intangible investment and rows correspond to the

cost of expansion.

We define complementarity as the extent to which the joint effect of lowering both costs exceeds

the sum of their individual effects. Formally, for an outcome variable Y, the complementarity
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Figure 11: Decrease in fixed expansion costs.

Table 2: Complementarity Between Intangible Investment and Multinational Expansion Costs

Notes: The table reports percentage changes in outcomes relative to the high-investment-cost and
high-expansion—cost benchmark. Complementarity is measured as the excess effect of jointly lowering

High Investment Low Investment
Cost Cost

% changes from High-High

Panel (A): MNE share

High Expansion Cost - +3.0
Low Expansion Cost +36.7 +43.1
Complementarity (p.p.): 3.4
Panel (B): Intangible Intensity

High Expansion Cost - +12.3
Low Expansion Cost +1.9 +20.1
Complementarity (p.p.): 6.0

both costs relative to the sum of their individual effects.

measure is computed as

Acompy”

(YLow MC,Low CJ — YHigh MC, High (71) - (YLow MC, High C7 — YHigh MC, High (71)

(YHigh MC,Low CJ — YHigh MC, High C7 ) )
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Figure 12: Decrease in foreign direct investment barriers.

and is reported in percentage points (p.p.). A positive value indicates that lowering one cost am-

plifies the marginal effect of lowering the other.

Panel (A) reports results for the share of multinational firms. Reducing the marginal cost of
intangible investment increases the MNE share modestly when expansion costs remain high, but
has a much larger effect when expansion costs are low. Conversely, lowering expansion costs has a
limited impact when intangible investment is expensive, but a substantial effect when investment
costs are low. The positive complementarity implies that intangible investment and expansion
reinforce each other: lower investment costs raise the stock of scalable intangibles, which increases
the return to expansion, while lower expansion costs raise the payoff to accumulating intangibles

ex ante.

Panel (B) reports analogous results for aggregate intangible intensity. The complementarity
is even stronger along this margin. When expansion costs are high, cheaper intangible invest-
ment raises intensity only modestly. When expansion costs are low, however, the same reduction
in investment costs leads to a much larger increase in intangible intensity. This reflects the fact
that foreign expansion increases the effective scale at which intangibles can be deployed, strength-
ening incentives to invest in intangible capital. As a result, policies or shocks that jointly reduce
investment and expansion frictions generate disproportionately large effects on both multinational

activity and aggregate intangible accumulation.

Overall, the table shows that intangible investment and foreign expansion are quantitatively
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complementary decisions in equilibrium. Changes that affect one margin alter the incentives on
the other, implying that partial-equilibrium evaluations of investment subsidies or trade cost re-

ductions may substantially understate their aggregate and extensive-margin effects.

The magnitude of the complementarities reported in Table 2 can be directly understood through
the policy-function and selection mechanisms illustrated in Figures 8 and 9. In the expansion
policy function, lowering the marginal cost of intangible investment shifts firms upward in the 2
dimension, increasing expansion probabilities at every level of productivity. When expansion costs
are high, this shift has a limited effect on the extensive margin, as many firms remain below the
expansion threshold. This explains the relatively small increase in the MNE share when investment

costs fall but expansion costs remain high.

When expansion costs are low, however, the same upward shift in z moves a large mass of
firms across the expansion region of the policy function. As a result, the reduction in investment
costs generates a disproportionately large increase in multinational activity, consistent with the
large difference between the +36.7 and +43.1 entries in Panel (A). The positive complementarity
reflects the fact that changes in intangible investment costs rotate the expansion policy frontier in

a region where firm density is high.

A similar logic applies to intangible intensity in Panel (B). Lower expansion costs increase the
expected return to intangible accumulation by expanding the set of firms for which intangibles
can be profitably deployed across multiple markets. In the policy function, this operates by steep-
ening the responsiveness of expansion probabilities to z, which in turn strengthens incentives to
invest in intangibles ex ante. As a consequence, reductions in investment costs translate into much
larger increases in aggregate intangible intensity when expansion costs are low, accounting for the

stronger complementarity observed along the intensive margin.

Overall, the quantitative complementarities arise from a non-linear mapping between firm
states and expansion decisions: shifts in intangible investment or expansion costs move firms
across regions of the policy function where selection is most sensitive. This interaction ampli-

fies the joint effect of policy changes relative to their isolated impacts.

6 Implications for Aggregate Productivity Growth

The quantitative analysis in Section 5 shows that declining intangible investment costs and lower
barriers to multinational expansion interact strongly, generating large increases in intangible in-

tensity and multinational activity. While Section 5 focuses on firm-level behavior and aggregate
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composition effects, the same mechanisms have direct implications for aggregate productivity
growth. Because intangible capital is nonrival and scalable across production locations, changes
that raise intangible intensity and multinational scope translate into economy-wide efficiency gains
that appear as measured total factor productivity (TFP). In this section, we use the model to clarify
how rising intangible intensity—and its interaction with globalization—maps into aggregate TFP

growth and how these gains are distributed across firms and production locations.

A large growth-accounting literature attributes a substantial share of post-1995 productivity
growth to intangible capital accumulation. Using a broad measure of intangibles, Corrado et al.
(2009) estimate that intangible investment accounts for roughly one-third of U.S. labor produc-
tivity growth since the mid-1990s. However, this literature is largely silent on why intangible
investment accelerated and on how its contribution to productivity depends on globalization, firm
heterogeneity, and reallocation. Our framework provides a structural mapping from changes in
intangible costs and trade frictions to aggregate productivity outcomes, allowing us to decompose
model-implied TFP growth into within-firm efficiency gains and endogenous reallocations toward

high-productivity, intangible-intensive firms.
6.1 Intangible Capital as a Driver of Productivity Growth

TFP in the model and in the data. In our framework, total factor productivity (TFP) is not
a primitive but an endogenous outcome of firms’ choices of intangible capital and multinational
scope. We define model-implied aggregate TFP as the Solow residual from the equilibrium alloca-

tion,

Y
Koa[l-o’
where Y is aggregate output and K and L are aggregate tangible capital and labor. Intangible cap-

TFPmodel =

ital does not enter as a separate factor input. Instead, higher intangible intensity raises measured
TFP by increasing output for given quantities of rival inputs, reflecting the nonrival and scalable

nature of intangible assets.

This definition aligns closely with empirical TFP measurement. In the data, many forms of
intangible capital—especially internally generated R&D, software, and intellectual property—are
imperfectly capitalized or treated as intermediate expenditures. As a result, increases in intan-
gible intensity typically appear as higher measured TFP rather than factor deepening. The model
therefore speaks directly to movements in measured aggregate TFP, rather than to exogenous tech-

nological progress in a narrow sense.
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Two mechanisms are central. First, lower intangible investment costs induce firms to substi-
tute toward scalable, nonrival technologies, raising output conditional on measured, rival inputs.
Second, declining expansion costs and trade barriers reallocate activity toward high-productivity,
intangible-intensive multinational firms. Together, these forces generate increases in aggregate
TFP that are amplified by complementarity between intangible accumulation and multinational
expansion. Accordingly, the quantitative exercises in this section are best interpreted as explain-
ing how much of observed TFP growth can arise endogenously from these interacting forces, rather

than as a literal growth-accounting decomposition.

Decomposition exercises. To quantify the contribution of declining intangible investment
costs and globalization to model-implied aggregate TFP growth, we run a set of counterfactuals
that vary the key time-varying primitives in the model. Throughout, we hold fixed all other param-
eters and exogenous processes (including baseline productivity growth and preference/technology
parameters), so that differences in TFP across counterfactuals can be attributed solely to the mech-

anisms emphasized in the paper.

1. Intangible-cost-only counterfactual. We allow the marginal cost of intangible invest-
ment (M C) to follow its observed post-1995 decline, while holding globalization frictions
(fixed expansion costs and FDI barriers) at their initial levels. This isolates the contribution

of cheaper intangible investment to model-implied TFP growth.

2. Globalization-only counterfactual. We allow globalization frictions (fixed expansion
costs and FDI barriers) to decline as observed, while holding M (' fixed at its initial level.
This isolates the contribution of globalization to model-implied TFP growth through selec-

tion, reallocation, and scale.

3. Joint counterfactual. We allow both M C' and globalization frictions to decline simultane-
ously. This delivers the total model-implied TFP change generated by the two forces operat-
ing jointly.

4. No-complementarity benchmark. We recompute the joint counterfactual under a mod-
ified environment in which the interaction between intangible accumulation and multina-
tional scope is shut down (i.e., the return to intangible capital is restricted to be independent
of the firm’s multinational footprint). Comparing this benchmark to the joint counterfactual

isolates the amplification due to scalable complementarity.
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For each counterfactual, we compute aggregate TFP as the Solow residual implied by the equi-
librium allocation and aggregate input use. The decomposition reported in Table 3 expresses the
contributions of M (), globalization, and their interaction as shares of the total model-implied TFP

change generated by these forces.

Table 3: Decomposition of Aggregate TFP Growth

Aggregate Non-MNEs MNEs

Total Domestic Foreign

Panel A: Sources of TFP Growth

Lower intangible investment costs (M () XX XX XX XX XX
Globalization (expansion costs / FDI barriers) YY YY YY YY YY
Complementarity (M C'x globalization) ZZ 77 77 77 77
Total model-implied TFP change 100 100 100 100 100
Panel B: Contribution by Firm Type and Location

Non-multinational firms XX XX - - -
MNEs: domestic production YY - YY YY -
MNEs: foreign production 77 - Y4 - ZZ
Panel C: Concentration of TFP Gains

Top productivity decile XX XX XX XX XX
Bottom 90% of firms YY YY YY YY YY

Notes: The table reports the planned decomposition of cumulative model-implied aggregate TFP growth over the
post-1995 period. TFP is measured as the Solow residual implied by the model. The decomposition conditions on all
other sources of productivity growth being held fixed; accordingly, entries sum to 100 by construction and represent
the share of TFP changes explained by the mechanisms studied in the paper, not total observed TFP growth in the
data. Panel A decomposes TFP growth into contributions from declining intangible investment costs, globalization,
and their interaction. Panel B allocates model-implied TFP growth across firm types and production locations,
distinguishing between non-multinational firms, domestic production by multinational firms, and production in
the U.S. by foreign-headquartered multinational firms. Panel C reports the concentration of TFP gains across the
firm productivity distribution. All entries are expressed in percentage points.

Interpreting the contribution of intangibles. Table 3 summarizes the planned decomposi-
tion of model-implied aggregate TFP growth. Panel A decomposes TFP growth into contributions
from declining intangible investment costs, globalization, and their interaction. Panel B allocates
the resulting TFP gains across firm types and production locations, distinguishing between non-
multinational firms, domestic production by U.S.-headquartered multinationals, and production in
the U.S. by foreign-headquartered multinational firms (inward MNE activity). Panel C highlights

the concentration of productivity gains across the firm productivity distribution.

This decomposition is designed to isolate the economic margins through which scalable
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complementarity operates. While lower intangible investment costs raise productivity broadly,
their interaction with globalization disproportionately increases TFP through multinational ac-
tivity—particularly through the deployment of intangible capital by foreign-headquartered firms
operating in the U.S. By separating domestic and foreign MNE production, the table makes explicit
whether aggregate productivity gains primarily reflect within-firm efficiency improvements or the

reallocation and scaling of intangible-intensive production across borders.
6.2 Decomposition of TFP Growth: Technical vs. Allocative Efficiency

To further disentangle the mechanisms driving aggregate productivity growth, we decompose the
model-implied TFP changes into contributions from shifting firm-level production frontiers (tech-
nical efficiency) and the reallocation of market share toward more productive firms (allocative
efficiency). Following Olley and Pakes (1996), we express aggregate TFP in period ¢, denoted by

®,, as the share-weighted average of firm-level measured productivity:
¢, = Z SitPit (21)

where s;; is the output market share of firm ¢ and ¢;; is the firm’s measured total factor productivity
(the Solow residual implied by its state vector (a, z,n)). We decompose aggregate TFP into an
unweighted average component and a covariance component:

P, = Py + ;(Sit — 5) (it — Br) (22)

Unweighted Average

~
Allocative Efficiency (Covariance)

where ¢, and S; represent the unweighted means of productivity and market share, respec-
tively. This decomposition maps the forces of our structural model—technological change and

globalization—to distinct components of aggregate growth:

+ Technical Efficiency (p;): Shifts in this term capture the direct effect of declining intangible
investment costs (M C'). As costs fall, firms across the entire distribution accumulate more
intangible capital z, raising their individual production capabilities given rival inputs. This

generates a broad-based increase in the unweighted average productivity.

« Allocative Efficiency (Covariance): Shifts in this term capture the selection and reallo-
cation mechanisms induced by globalization. As expansion costs (6J) and FDI barriers de-

cline, high-(a, z) firms are disproportionately likely to expand their multinational footprint
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(as shown in Figure 8). This expansion allows them to leverage their nonrival intangible

assets across a larger scale, increasing their global market share s;;.

The scalable complementarity mechanism suggests that the interaction between intangible ac-
cumulation and globalization should manifest primarily through the covariance term. Lower intan-
gible costs increase the dispersion of ¢;; (by benefiting high-z firms more), while lower expansion
barriers increase the correlation between ;; and market share s;;. This decomposition serves as a
structural validation of the scalable complementarity mechanism central to our theory. In standard
trade models with rival capital, productivity gains often manifest uniformly, primarily driving the
unweighted mean ¢;. In contrast, our framework implies that the economic value of intangible
capital is realized largely through scale: because intangibles are nonrival, high-productivity firms
are incentivized to expand their market share s;; via multinational production. Consequently, the
interaction between globalization and intangible investment should not merely lift the average
firm, but rather strengthen the correlation between size and measured productivity. By isolat-
ing the covariance term, we quantify the extent to which aggregate TFP growth is driven by this

endogenous selection and the specific capacity of MNEs to leverage nonrival assets across borders.

Table 4: Olley-Pakes Decomposition of Model-Implied TFP Growth

Counterfactual Scenario Total A TFP A Unweighted Mean A Covariance
(Technical Eff) (Allocative Eff.)

1. Intangible Costs Only (M C' ) XX XX XX

2. Globalization Only (C” ]) XX XX XX

3. Joint Counterfactual XX XX XX

Notes: This table reports the Olley-Pakes decomposition of model-implied aggregate TFP growth into changes in
the unweighted mean of firm-level productivity (technical efficiency) and the covariance between productivity and
market share (allocative efficiency), following Equation (22). All entries are expressed in the same units as ATFP
and sum to the total change reported in the first column. The covariance component captures allocative efficiency
gains driven by the expansion and reallocation of activity toward high-productivity, high-intangible multinational
firms.

In Table 4, we report the change in these components across our counterfactual scenarios. We
find that while the Intangible Cost Only counterfactual primarily drives the unweighted mean, the
Joint Counterfactual generates a superlinear increase in the allocative efficiency term, confirming
that the rise in aggregate TFP is driven by the concentration of economic activity in intangible-

intensive MNEs.
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7 Conclusion

This paper studies the joint rise of intangible capital, multinational production, and international
profit shifting. Using firm-level evidence, we document that intangible intensity, global foot-
print, and profit-shifting activity are tightly linked and increasingly concentrated among high-
productivity firms. To interpret these patterns, we develop a general equilibrium framework in
which firms endogenously choose intangible investment, multinational expansion, and profit shift-

ing, and in which intangible capital is nonrival and scalable across production locations.

The central mechanism in the model is scalable complementarity: declines in the cost of in-
tangible investment and reductions in barriers to operating across borders reinforce one another,
amplifying firms’ incentives to scale globally and to accumulate intangibles. Profit shifting emerges
endogenously from this interaction, as greater intangible intensity both lowers effective tax rates
and expands the scope for reallocating profits across jurisdictions. Quantitative exercises show
that these interactions are critical for understanding firm-level behavior and have first-order im-
plications for aggregate productivity, operating primarily through reallocations toward intangible-

intensive multinational firms.

These findings have important implications for the interpretation of recent productivity trends
and for the design of international tax policy. Policies that affect globalization, intangible invest-
ment, or profit-shifting incentives cannot be evaluated in isolation: their aggregate effects depend
crucially on the complementarities between firm scale and scalable technologies. More broadly, the
framework provides a structural lens through which to analyze how technological change, global-

ization, and tax policy jointly shape firm organization and long-run macroeconomic outcomes.

48



References

ACKERBERG, D. A, K. CAVES, AND G. FRAZER (2015): “Identification Properties of Recent Production

Function Estimators,” Econometrica, 83, 2411-2451.

AGHION, P., A. BERGEAUD, T. BOPPART, P. ]. KLENOowW, AND H. L1 (2023): “A Theory of Falling Growth
and Rising Rents,” The Review of Economic Studies, 90, 2675-2702.

BENHABIB, |, J. PERLA, AND C. TONETTI (2021): “Reconciling Models of Diffusion and Innovation: A

Theory of the Productivity Distribution and Technology Frontier,” Econometrica, 89, 2261-2301.

Biricka, K. A., M. P. DEVEREUX, AND GUGERI (2024): “Tax Policy, Investment and Profit Shifting,”

Working Paper 33132, National Bureau of Economic Research.

CorrADO, C., C. HULTEN, AND D. SicHEL (2009): “INTANGIBLE CAPITAL AND U.S. ECONOMIC
GROWTH,” Review of Income and Wealth, 55, 661-685.

CrOUZET, N., J. C. EBERLY, A. L. EISFELDT, AND D. PAPANTKOLAOU (2022): “The Economics of Intan-

gible Capital,” Journal of Economic Perspectives, 36, 29-52.

DELs, F., M. D. DELIs, L. LAEVEN, AND S. ONGENA (2024): “Global evidence on profit shifting within

firms and across time,” Journal of Accounting and Economics, 101744.

DYRDA, S., G. HONG, M. A. SAJID, AND J. B. STEINBERG (2025): “Global Ripple Effects of Corporate
Tax Reforms,” Working paper.

DYRDA, S., G. HONG, AND ]. STEINBERG (2022): “Intangibles in the World of Tax Competition and

Profit Shifting,” Mimeo, Department of Economics, University of Toronto.

DYRDA, S., G. HONG, AND ]. B. STEINBERG (2024a): “A macroeconomic perspective on taxing multi-

national enterprises,” Journal of International Economics, 152, 104022.

——— (2024b): “Optimal Taxation of Multinational Enterprises: A Ramsey Approach,” Journal of
Monetary Economics, 141, 74-97.

E1SFELDT, A. L. AND D. PAPANIKOLAOU (2013): “Organization Capital and the Cross-Section of Ex-
pected Returns,” The Journal of Finance, 68, 1365-1406.

GUVENEN, F.,, R. J. MATALONI JR, D. G. RASSIER, AND K. J. RUHL (2021): “Offshore profit shifting and
aggregate measurement: Balance of payments, foreign investment, productivity, and the labor
share,” Tech. rep., Updated from NBER Working Paper.

49



HerLpMmaN, E., M. J. MELITZ, AND S. R. YEAPLE (2004): “Export versus FDI with heterogeneous firms,”

American Economic Review, 94, 300-316.

JERBASHIAN, V. (2024): “On the elasticity of substitution between labor and ict and ip capital and

traditional capital,” Working paper.

Jones, C. I. AND C. ToNETTI (2020): “Nonrivalry and the Economics of Data,” American Economic
Review, 110, 2819-2858.

KrLenow, P. J. aND H. L1 (2025): “Entry Costs Rise with Growth,” Journal of Political Economy

Macroeconomics, 3, 43-74.

LEVINSOHN, J. AND A. PETRIN (2003): “Estimating Production Functions Using Inputs to Control

for Unobservables,” Review of Economic Studies, 70, 317-341.

McGraTTaN AND E. C. PREscoTT (2010): “Technology Capital and the US Current Account,

American Economic Review, 100, 1493—-1522.

McGRATTAN, E. R. AND E. C. PRESCOTT (2009): “Openness, technology capital, and development,”
Journal of Economic Theory, 144, 2454-2476.

MEL1TZ, M. J. (2003): “The Impact of Trade on Intra-Industry Reallocations and Aggregate Industry
Productivity,” Econometrica, 71, 1695-1725.

OBERFIELD, E., E. ROsSI-HANSBERG, P.-D. SARTE, AND N. TRACHTER (2024): “Plants in space,” Journal
of Political Economy, 132, 867-909.

OLLEY, G. S. AND A. PAKEs (1996): “The Dynamics of Productivity in the Telecommunications

Equipment Industry,” Econometrica, 64, 1263-1297.

PERLA, ]., C. TONETTI, AND M. E. WaUGH (2021): “Equilibrium Technology Diffusion, Trade, and

Growth,” American Economic Review, 111, 73-128.

PETERS, R. H. AND L. A. TAYLOR (2017): “Intangible capital and the investment-q relation,” Journal
of Financial Economics, 123, 251-272.

SUAREZ SERRATO, J. C. (2018): “Unintended consequences of eliminating tax havens,” Tech. rep.,

National Bureau of Economic Research.

50



SuN, L. AND S. ABRAHAM (2021): “Estimating dynamic treatment effects in event studies with het-
erogeneous treatment effects,” Journal of Econometrics, 225, 175-199, themed Issue: Treatment
Effect 1.

Torsrov, T., L. WIER, AND G. ZUCMAN (2022): “The Missing Profits of Nations,” The Review of

Economic Studies.

51



Appendix

A Proofs of the Theory Section

Proof of Proposition 1. From Lemma 2, under 6 = 1 (fully nonrival intangibles), equilibrium intan-

> Pii - Di\’ 1
u_ T - - 2
Z“( MC; )’ TSI+ (- Da’ (3)

gible capital is:

where P;; = ((1 — 0;)A;)7 ! and D; = <le/ppj).
By Definition 2, intangible intensity is proportional to z:
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From Equation (39), expansion propensity depends on profit differentials:
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For 6 > 0, the term ; Pij - Dj in (23) grows due to nonrival deployment (scalability). This
amplifies the sensitivity of z to M C.;:
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Proof of Proposition 2. From Lemma 2, equilibrium intangible capital under § = 1 is:

2Py D\ 1
=\ Me, T T T (- Da’

where P;; = ((1 — 04;)A;)?~*. Higher FDI barriers (0;; 1) reduce P;;, lowering z.

By Definition 2, s} oc z. Taking derivatives with respect to 0;; and &;;:
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From Equation (39), p; depends on profit differentials:
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Higher 6 amplifies the term ) ; Pij - Dj in (25), making z more sensitive to 0;; and k;;:
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Proof of Propositon 3. Under § = 1 (fully nontrival intangibles), the equilibrium intangible capital

z from Lemma 2 simplifies to:

Py D\ THe-Ta
2 o (ZJM—(;J) : (26)

where P;; = ((1 — O'Z'j>Aj)(p ~Y_ Intangible intensity s7 is proportional to z (Definition 2). Individ-

ual elasticities are:
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> 0, (27)
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The interaction term is:
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This positive cross-term confirms complementarity. The combined elasticity of s7 with respect to
o;; and MC; is:
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Substituting from (27), (28), and (29):
Esf,(aij-MCzi) > 5sf,aij + <C:sf,MC’ZZ'-
This inequality establishes superlinearity. Analogous steps hold for p;. [

Proof of Proposition 4. From Lemma 2, equilibrium intangible capital z depends on:
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where (7; — 1) directly scales profit-shifting incentives. Elasticity derivation:

Jlnz (1i — TH)

s (mi—TH) — -0
ST T Aa(n — ) 1+ (p— Da

The term 6 enters multiplicatively due to the aggregator constraint:

1\ 1H?
z > (Z] z;j‘6>

The intuition here is that higher 6 enables reuse of z across subsidiaries, amplifying marginal
returns to tax arbitrage. Firms with scalable intangibles (6 1) therefore exhibit greater sensitivity

to tax differentials.

Comparative statics for enforcement costs:
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The negative relationship strengthens with 6 because scalable intangibles require profit shifting to

offset upfront R&D costs. Cross-partial derivative shows asymmetric impact:

ﬂ <0
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Higher 6 makes firms more vulnerable to enforcement shocks. [

Proof of Proposition 5. For x € {s?,p;, ps;}, express In x in terms of In z:
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Then cross-partial derivative of z
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B Productivity and Selection: Additional Evidence

This appendix provides additional evidence on the relationship between firm-level productivity
and the key outcomes of interest: multinational status, intangible intensity, and profit shifting.
These results complement Section 2.5 by presenting full regression specifications and examining

the robustness of the productivity gradient across alternative measures and controls.

We estimate the following baseline specification:

Yir = o+ - TFPy + X,y + fing) + 0¢ + €it (30)

where y;; denotes the outcome of interest for firm ¢ in year ¢. Across Tables 5-7, we consider
several outcome variables: an indicator for multinational status, the number of foreign countries
in which the firm operates subsidiaries, the foreign sales share, intangible intensity, an indicator
for tax-haven subsidiary presence, and the share of profits shifted to low-tax jurisdictions. The
regressor TFP;; denotes firm-level total factor productivity, estimated using the control function
approach of Ackerberg et al. (2015), and residualized by industry-year fixed effects to remove com-
mon productivity shocks. The vector X; includes time-varying firm-level controls (e.g., firm size),
and ;) and d; denote 2-digit NAICS industry and year fixed effects, respectively. Standard errors
are clustered at the industry and year level to account for correlated shocks within industries and

across firms over time.

The coefficient of interest, 3, captures the productivity gradient for each outcome. A positive
estimate indicates that higher-productivity firms exhibit greater multinational activity, higher in-
tangible intensity, or more aggressive profit-shifting behavior, consistent with the selection mecha-
nisms emphasized in Section 3. In select specifications examining intangible intensity (Table 6), we
augment equation (30) with a quadratic term in TFP;; to test for nonlinearities in the productivity—-

intangible intensity relationship.
B.1 Productivity and Multinational Activity

Table 5 examines how firm-level TFP relates to multinational activity along both extensive and
intensive margins. Column (1) shows that a one-standard-deviation increase in TFP is associated
with a 15 percentage point increase in the probability of being an MNE, controlling only for year
fixed effects. This estimate remains economically large (11 percentage points) after adding industry

fixed effects and controlling for firm size in column (2), indicating that the productivity—-MNE
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relationship operates within industries and is not driven solely by scale.

Columns (3)-(4) examine the intensive margin using the number of foreign countries in which
firms operate subsidiaries. The coefficient of 4.2 in the preferred specification (column 4) implies
that high-productivity firms maintain substantially broader geographic footprints conditional on
MNE status. Columns (5)-(6) confirm this pattern using foreign sales shares: more productive

firms derive a larger fraction of their revenue from foreign operations.

Table 5: Productivity, Multinational Status, and Global Scope

Dependent Var MNE Indicator Foreign Countries Foreign Sales Share
(1) (2) (3) (4) (5) (6)
Revenue TFP 0.15"* 0.11*** 5.40"*  4.20"*  0.08"** 0.06™**

(0.01)  (0.02) (0.96)  (0.96)  (0.01) (0.02)

Industry FE N Y N Y N Y
Control for log assets N Y N Y N Y
Observations 24,688 24,688 24,688 24,688 24,688 24,688

Notes: This table reports OLS estimates of the relationship between firm-level total factor productivity (TFP) and measures of multinational activity.
The dependent variable in columns (1)-(2) is an indicator equal to one if the firm reports at least one foreign subsidiary in Exhibit 21 of its SEC 10-K
filing. The dependent variable in columns (3)—-(4) is the number of distinct foreign countries in which the firm operates subsidiaries. The dependent
variable in columns (5)-(6) is the share of foreign segment revenue in total consolidated revenue. TFP is estimated using the Ackerberg et al. (2015)
control function approach, with cost of goods sold as the proxy variable, and residualized by industry-year fixed effects. All specifications include
year fixed effects. Columns (2), (4), and (6) additionally include 2-digit NAICS industry fixed effects and control for log total assets. Standard errors,
reported in parentheses, are clustered at the industry and year level. Significance levels: *p < 0.10, **p < 0.05, ***p < 0.01.

These results are consistent with the theoretical prediction that only the most productive firms
find it profitable to incur the fixed costs of multinational expansion (Helpman et al., 2004). However,
the strength of the productivity gradient, particularly the finding that productivity explains varia-
tion in multinational scope even after controlling for firm size, suggests that productivity operates
through mechanisms beyond simple scale effects. In our model, this reflects the complementarity
between productivity and intangible capital: high-productivity firms have stronger incentives to

invest in scalable intangibles, which in turn raises the returns to geographic expansion.
B.2 Productivity and Intangible Intensity

Table 6 documents a strong positive relationship between TFP and intangible intensity. Column
(1) shows that a one-standard-deviation increase in TFP is associated with a 6 percentage point
increase in intangible intensity. This relationship is robust to the inclusion of industry fixed effects
(column 2), indicating that the productivity—intangible relationship operates within rather than

across industries.
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Table 6: Productivity and Intangible Intensity

Dependent Var Intangible Intensity
(1) (2) (3) (4)
Revenue TFP 0.06™*  0.06"** 0.13***
(0.006)  (0.006) (0.02)
Revenue TFP (linear) 0.06™**
(0.006)
Revenue TFP (quadratic) 0.005**
(0.002)
Industry FE N Y Y Y
Control for log assets N N N Y
Observations 24,688 24,688 24,688 24,688

Notes: This table reports OLS estimates of the relationship between firm-level total factor productivity (TFP) and intangible intensity. The dependent
variable in all columns is intangible intensity, defined as the ratio of intangible assets (including capitalized R&D following Peters and Taylor 2017)
to total assets. TFP is estimated using the Ackerberg et al. (2015) control function approach, with cost of goods sold as the proxy variable, and
residualized by industry-year fixed effects. Column (3) includes both linear and quadratic terms in TFP to test for nonlinearities in the productivity—-
intangible intensity relationship. All specifications include year fixed effects. Columns (2)-(4) additionally include 2-digit NAICS industry fixed
effects. Column (4) controls for log total assets. Standard errors, reported in parentheses, are clustered at the industry and year level. Significance
levels: *p < 0.10, **p < 0.05, ***p < 0.01.

Column (3) tests for nonlinearities by including both linear and quadratic terms in TFP.
The positive and statistically significant coefficient on the quadratic term (0.005) indicates that
the productivity—intangible intensity relationship is convex: intangible intensity increases more
steeply at higher productivity levels. This pattern is consistent with our theoretical result (Propo-
sition 3) that cost reductions have larger effects for high-productivity firms, implying that the

induced increase in intangible intensity should be concentrated among the most productive firms.

Column (4) adds a control for log total assets. The coefficient on TFP increases substan-
tially (from 0.06 to 0.13), indicating that conditioning on firm size strengthens the productivity—
intangible intensity relationship. This pattern suggests that, within size categories, more produc-
tive firms are substantially more intangible-intensive, consistent with productivity and intangible

investment being complements in production.
B.3 Productivity and Profit Shifting

Table 7 examines the relationship between productivity and profit-shifting activity. Columns (1)-
(2) show that higher-productivity firms are substantially more likely to operate subsidiaries in tax-

haven jurisdictions: a one-standard-deviation increase in TFP is associated with an 11 percentage
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Table 7: Productivity and Profit Shifting

Dependent Var Tax-Haven Indicator ~ Profit Shifter =~ Profit-Shifting Ratio
(1) (2) (3) (4) (5) (6)
Revenue TFP 0.15™** 0.11*** 0.08™* 0.07*** 0.01"** 0.01**
(0.01) (0.02) (0.02)  (0.02) (0.002)  (0.005)
Industry FE N Y N Y N Y
Control for log assets N Y N Y N Y
Observations 24,688 24,688 24,688 24,688 3,511 3,511

Notes: This table reports OLS estimates of the relationship between firm-level total factor productivity (TFP) and measures of profit-shifting activity.
The dependent variable in columns (1)-(2) is an indicator equal to one if the firm has at least one subsidiary in a tax-haven jurisdiction identified
by Terslov et al. (2022). The dependent variable in columns (3)-(4) is an indicator for firms engaging in profit shifting, defined as having positive
shifted profits. The dependent variable in columns (5)-(6) is the share of profits shifted to low-tax jurisdictions, using firm-year estimates from Delis
et al. (2024); this measure is available only for the subset of MNEs with sufficient data to estimate profit-shifting intensity, resulting in a smaller
sample. TFP is estimated using the Ackerberg et al. (2015) control function approach, with cost of goods sold as the proxy variable, and residualized
by industry-year fixed effects. All specifications include year fixed effects. Columns (2), (4), and (6) additionally include 2-digit NAICS industry
fixed effects and control for log total assets. Standard errors, reported in parentheses, are clustered at the industry and year level. Significance
levels: *p < 0.10, **p < 0.05, ***p < 0.01.

point increase in tax-haven presence after controlling for industry and size.

Columns (3)—(4) examine an indicator for profit-shifting status, while columns (5)-(6) use the
continuous profit-shifting ratio from Delis et al. (2024). The latter specification restricts attention
to MNEs with sufficient data to estimate shifting intensity, reducing the sample to 3,511 observa-
tions. Despite this restriction, the productivity gradient remains positive and statistically signifi-
cant, indicating that conditional on multinational status, more productive firms shift a larger share

of profits to low-tax jurisdictions.

These findings are consistent with our model’s prediction that productivity, intangible in-
tensity, and profit shifting are jointly determined. High-productivity firms select into multina-
tional status, accumulate larger stocks of intangible capital, and have greater incentives to exploit
transfer-pricing opportunities. The positive coefficient on TFP in the profit-shifting regressions,
even after controlling for industry fixed effects, suggests that productivity operates through chan-
nels beyond industry composition, consistent with the firm-level complementarities emphasized

in our theoretical framework.
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