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Executive Summary

This paper introduces a newly developed model that examines the interplay 
between trade, growth, and digital data, emphasizing data’s dual role as both a driver 
of  growth and a source of  privacy concerns. Departing from existing trade and 
growth models that have largely overlooked digital data’s unique characteristics, this 
paper provides the first comprehensive analysis of  how data influences growth 
through data flows and knowledge diffusion, while simultaneously introducing 
associated privacy trade-offs.

A key novelty of  this model lies in its clear distinction between digital data and 
traditional “ideas.” Both concepts share the characteristics of  non-rivalry and stock-
like accumulation, meaning they are cumulative and can be used by multiple entities 
with negligible additional cost. However, ideas are generally understood to produce 
only positive externalities, whereas digital data uniquely generates both positive and 
negative externalities simultaneously, including privacy and cybersecurity concerns 
for consumers. 

The model is built within a dynamic general equilibrium framework that 
incorporates international trade and endogenous technological change, extending 
the work of  Rivera-Batiz and Romer (1991) by integrating the evolution of  digital 
data. Consumption activities, both domestic and a portion of  foreign consumption, 
actively contribute to a country’s evolving data stock. This generated data then acts 
as a negative externality in the utility function of  privacy-conscious consumers, 
reducing their welfare, even as it serves as a primary input for the R&D sector, 
fueling the growth engine.

Key findings from this new model highlight significant impacts: First, (economic 
growth) the model shows that unrestricted cross-border data flows are a significant 
stimulant for economic growth. This positive effect is further magnified by stronger 
knowledge spillovers and an increased number of  trading partners. Conversely, 
stricter restrictions on data flows directly impede economic growth. The paper notes 
that trade liberalization alone, without the diffusion of  ideas or data flows, only 
generates a level effect and does not affect long-term economic growth. 

Second, (trade-off  with individual welfare) another central finding is the inherent 
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trade-off  between economic growth and individual welfare. While open data flows 
promote economic expansion, they simultaneously intensify privacy concerns, 
leading to a reduction in individual welfare. This conflict is particularly pronounced 
in scenarios with limited or inefficient knowledge diffusion. Conversely, the model 
indicates that stricter data regulations, while hindering growth, can enhance individual 
welfare by mitigating these privacy risks.

To navigate the identified trade-off  between growth and privacy, the paper 
advocates against data localization and strongly supports the implementation of  
deep digital trade agreements. These agreements are proposed as crucial mechanisms 
to facilitate freer data flows and knowledge sharing, thereby mitigating the inherent 
conflict and unlocking the full potential of  the digital economy.

Keywords: �digital data, privacy, trade, endogenous growth, welfare
JEL Classification: D33, E00, J23, O41
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Trade and Growth with Digital Data

Kyu Yub Lee

Online Leisure Activity and Digital Platforms
in an Open Economy
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Abstract

We develop a multi-country, two-sector model linking household online attention

to global digital platforms that use traffic as a nonrival input. Using traffic and cross-

border services trade data, we document that countries with more global viewership

export more marketing services. The model highlights three margins. First, easing

foreign-content frictions generates sizable consumer-surplus gains in both countries

through variety expansion and reallocation from offline to online leisure, but with lit-

tle sectoral restructuring. Second, eliminating digital-services taxes yields small direct

welfare gains but stimulates platform investment even as advertising purchases shift

toward foreign providers. Third, a unilateral leisure-technology productivity gain pro-

duces modest, asymmetric effects: welfare rises slightly in the innovating country sec-

toral investment shifts incrementally, and the home-market pull is present but limited

in scale. Together, the results show how international attention flows shape services

trade and platform activity.

Keywords: Cross-country time allocation; Online leisure; Digital platforms; Cross-

country marketing services; Non-rivalry; intangible capital; zero prices

JEL Classification: F41, E22, J22, L86
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Abstract

This paper develops amodel of trade and growth that incorporates digital data, empha-
sizing its dual role as a driver of growth and a source of privacy concerns. Consumption
activity generates digital data, with both domestic and foreign consumption contribut-
ing to a country’s data stock. This data, while essential for data-driven R&D production,
acts as a negative externality for consumers. Unrestricted cross-border data flows stimu-
late economic growth, an effect magnified by stronger knowledge spillovers and a larger
number of trading partners. Conversely, stricter restrictions on data flows, while enhanc-
ing individual welfare, impede economic growth. This trade-off is most pronounced with
weak knowledge diffusion. To resolve this issue, the paper advocates against data local-
ization and supports deep digital trade agreements for freer data flows and knowledge
sharing.

Keywords: digital data, privacy, trade, endogenous growth, welfare
JEL classification numbers: D33, E00, J23, O41

1 Introduction

As digital data gains recognition as a key component of global trade, increasing attention has

been given to its dual role in driving economic growth while intensifying privacy concerns.1

∗I would like to thank the two anonymous reviewers for their constructive feedback. I am especially grateful
to Un JungWhang, Hyunsoo Kim, Heejung Hwang, and Hanbit Min for their valuable comments and suggestions
throughout the development of this work. All remaining errors are my own.

† Department of International Trade, Investment, and Economic Security, Korea Institute for International
Economic Policy, Building C, SejongNational ResearchComplex, 370 Sicheongdae-Ro, Sejong 30147, South Korea.
Phone: +82-44-414-1233. Email: kylee@kiep.go.kr

1At the heart of these discussions, both in private and public spheres, are cross-border data flows. Proponents
who view digital data as a new engine of growth argue that freer data flows enhance economic performance. In
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Despite this, existing trade and growth models have largely overlooked the unique charac-

teristics of data as a productive input for knowledge creation—particularly its non-rivalrous

nature and its capacity to generate both positive and negative externalities. This paper bridges

this gap by incorporating digital data into a traditional trade and growth framework, provid-

ing the first comprehensive analysis of how digital data influences growth through data flows

and knowledge diffusion while introducing the associated privacy trade-offs.

The novelty of this paper lies in the fact that it distinguishes between data and ideas. Both

have two similar characteristics: non-rivalry and stock. An idea, recognized as technology or

knowledge, is non-rival. In other words, there is a negligible cost if an additional firm uses

the idea. Non-rivalry is also applied to data (Jones and Tonetti 2020). In addition, an idea is a

stock, not a flow. Ideas are cumulative, so that a new idea can be created on top of an existing

idea available in the world. Like ideas, data is cumulative so that new data can be stored and

merged with old data (Abis and Veldkamp 2019, Ichihashi 2020, Faboodi et al. 2019). Ideas can

become outdated, and data may be lost accidentally or intentionally.

The two concepts share overlapping characteristics, making it challenging to clearly dis-

tinguish between data and ideas. However, they differ in an important way: ideas produce only

positive externalities, while data can generate both positive and negative externalities simul-

taneously. Unlike ideas, data can also raise privacy and cybersecurity concerns. Furthermore,

while digital data by itself is not typically considered an idea, it can serve as a productive input

in generating one. These distinctions are essential for a deeper understanding of the economic

implications of data flows within the context of international trade and growth.2

The paper addresses the question: What is the impact of digital data on economic growth

and individual welfare? It explores this issue within a dynamic general equilibrium framework

contrast, critics who see digital data as a privacy riskwarn that unrestricted flowsmay harm citizens. This tension
creates a fundamental conflict: privacy protection, as a non-economic objective, appears to clash with economic
growth. The trade-off suggests that achieving higher economic growthmay come at the cost of individual privacy.
This divide is evident in public forums, such as the WTO e-commerce talks, where members have struggled to
reach a consensus on data-related regulations, including cross-border data flows. Whilemany countries recognize
the economic benefits of data mobility, they remain concerned about the privacy risks associated with cross-
border data transfers.

2Ideas have other characteristics that differ from data. The returns to investment in new technology (idea) are
partly private and partly public, and innovators deliberately allocate resources to the invention of new products
and processes (Keller 2004).
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Despite this, existing trade and growth models have largely overlooked the unique charac-

teristics of data as a productive input for knowledge creation—particularly its non-rivalrous

nature and its capacity to generate both positive and negative externalities. This paper bridges

this gap by incorporating digital data into a traditional trade and growth framework, provid-

ing the first comprehensive analysis of how digital data influences growth through data flows

and knowledge diffusion while introducing the associated privacy trade-offs.

The novelty of this paper lies in the fact that it distinguishes between data and ideas. Both

have two similar characteristics: non-rivalry and stock. An idea, recognized as technology or

knowledge, is non-rival. In other words, there is a negligible cost if an additional firm uses

the idea. Non-rivalry is also applied to data (Jones and Tonetti 2020). In addition, an idea is a

stock, not a flow. Ideas are cumulative, so that a new idea can be created on top of an existing

idea available in the world. Like ideas, data is cumulative so that new data can be stored and

merged with old data (Abis and Veldkamp 2019, Ichihashi 2020, Faboodi et al. 2019). Ideas can

become outdated, and data may be lost accidentally or intentionally.

The two concepts share overlapping characteristics, making it challenging to clearly dis-

tinguish between data and ideas. However, they differ in an important way: ideas produce only

positive externalities, while data can generate both positive and negative externalities simul-

taneously. Unlike ideas, data can also raise privacy and cybersecurity concerns. Furthermore,

while digital data by itself is not typically considered an idea, it can serve as a productive input

in generating one. These distinctions are essential for a deeper understanding of the economic

implications of data flows within the context of international trade and growth.2

The paper addresses the question: What is the impact of digital data on economic growth

and individual welfare? It explores this issue within a dynamic general equilibrium framework

contrast, critics who see digital data as a privacy riskwarn that unrestricted flowsmay harm citizens. This tension
creates a fundamental conflict: privacy protection, as a non-economic objective, appears to clash with economic
growth. The trade-off suggests that achieving higher economic growthmay come at the cost of individual privacy.
This divide is evident in public forums, such as the WTO e-commerce talks, where members have struggled to
reach a consensus on data-related regulations, including cross-border data flows. Whilemany countries recognize
the economic benefits of data mobility, they remain concerned about the privacy risks associated with cross-
border data transfers.

2Ideas have other characteristics that differ from data. The returns to investment in new technology (idea) are
partly private and partly public, and innovators deliberately allocate resources to the invention of new products
and processes (Keller 2004).
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that includes international trade and endogenous technological change. In this paper, digital

data is considered non-rival, accumulating over time as a stock rather than a flow, and acting as

a key input in knowledge production, similar to ideas. However, unlike ideas, data can generate

negative externalities, such as privacy and cybersecurity risks. Based on these characteristics,

the paper offers several key findings. Trade liberalization, in the absence of the diffusion of

ideas and data flows, does not impact economic growth. Without the integration of knowledge

spillovers and data flows, the benefits of trade remain limited, and growth rates are unaffected.

Unrestricted cross-border data flows promote economic growth, with the effect being stronger

when there are greater knowledge spillovers and more trading partners. On the other hand,

stricter data flow restrictions, while enhancing individual welfare, hinder economic growth.

This trade-off reveals a potential conflict between data-driven economic growth and individual

privacy, especially in situations with limited or inefficient knowledge diffusion. To mitigate

this trade-off, the paper proposes a comprehensive digital trade agreement that facilitates freer

data flows and knowledge sharing.

This paper builds the framework established by Rivera-Batiz and Romer (1991ab) by in-

troducing the evolution of digital data. The main feature of the model is to build increasing

returns with digital data as a productive input and knowledge spillovers in the R&D sector,

increasing returns with specialized inputs in goods-and-services sector, but negative exter-

nality due to privacy concerns by consumers. Each country engages in consumption, which

serves as an input for data generation. In particular, not only domestic consumption but also a

portion of foreign consumption contributes to the growth of a country’s data stock. This gen-

erated data acts as a negative externality for consumers, but serves as a crucial input for the

R&D sector. Using non-rivalrous data and knowledge available at the time of production, new

knowledge is created. Given the existing knowledge, final goods are produced, and through

trade in intermediate goods, countries continue to integrate. As the number of trading coun-

tries increases, the stock of data grows, leading to an increase in the growth rate. While data

acts as a negative externality in the utility function, reducing consumer welfare, it plays a cru-

cial role as a primary input in the growth engine. This modification highlights the dual nature
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that includes international trade and endogenous technological change. In this paper, digital
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negative externalities, such as privacy and cybersecurity risks. Based on these characteristics,

the paper offers several key findings. Trade liberalization, in the absence of the diffusion of

ideas and data flows, does not impact economic growth. Without the integration of knowledge

spillovers and data flows, the benefits of trade remain limited, and growth rates are unaffected.
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portion of foreign consumption contributes to the growth of a country’s data stock. This gen-

erated data acts as a negative externality for consumers, but serves as a crucial input for the

R&D sector. Using non-rivalrous data and knowledge available at the time of production, new

knowledge is created. Given the existing knowledge, final goods are produced, and through

trade in intermediate goods, countries continue to integrate. As the number of trading coun-

tries increases, the stock of data grows, leading to an increase in the growth rate. While data

acts as a negative externality in the utility function, reducing consumer welfare, it plays a cru-

cial role as a primary input in the growth engine. This modification highlights the dual nature

3
of data, where its accumulation and sharing contribute to economic growth even as they im-

pose privacy costs on individuals. By incorporating this dynamic, the model provides a more

nuanced understanding of how digital data can simultaneously act as a source of innovation

and a challenge to consumer welfare. In short, a greater variety of goods lowers the cost of

creating new products in the presence of knowledge spillovers. Extending this idea, the paper

argues that a higher per capita volume of data similarly reduces the cost of developing new

varieties even in the absence of knowledge spillovers.

Relating to the literature: Privacy has become a key topic across various fields, includ-

ing economic growth, international trade, industrial organization (in the context of online

platforms), and other domains. Data has also appeared under different terms such as infor-

mation, ideas, and knowledge in many literatures. Jones and Tonetti (2020) introduced the

idea that data, like knowledge, is also non-rival but comes with negative externalities in a dy-

namic general equilibrium setting. They formalized this concept within a general equilibrium

framework, assuming that data fully depreciates in each period. Their idea is similar to Romer

(1990) who established that knowledge is a non-rival input, a foundational insight in growth

theory. The key difference between them is that Jones and Tonetti (2020) consider disutility

by negative externality due to privacy violation. Their model is insightful but limited due to

the fully depreciated nature of data. Data as stock or capital has been emphasized by many

others (Abis and Veldkamp 2019, Ichihashi 2020, and Faboodi et al. 2019). However, all these

models are confined to a closed-economy setting.

Globalization can affect long-run economic growth by: international knowledge diffusion

(Rivera-Batiz and Romer 1991ab), competition (Baldwin and Robert-Nicoud 2008), product

quality improvement (Grossman and Helpman 1991), learning by doing (Young 1991), technol-

ogy diffusion (Grossman and Helpman 2015). In particular, Rivera-Batiz and Romer (1991ab)

laid the foundation for international trade and endogenous growth theory by emphasizing

the importance of knowledge diffusion through trade in driving long-term economic growth.

However, up to date, there are only a very limited number of papers that examine the role of

digital data in the framework of trade and growth.

4
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However, up to date, there are only a very limited number of papers that examine the role of

digital data in the framework of trade and growth.
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Digital data has been studied actively in the privacy literature. It has long been under-

stood as a source of privacy violation (see Acquisti et al. 2016; Goldfarb and Tucker 2024 for

a survey). Recently, Tucker (2019) explains succinctly how data functions as a resource and a

source of negative externalities in AI. Persistent data, stored indefinitely due to low costs, en-

ables predictive insights but can conflict with evolving privacy preferences, causing discomfort

over time. Data spillovers occur when one individual’s data creation, such as genetic testing or

public recordings, unintentionally impacts others by revealing sensitive information or cap-

turing them without consent. As she observes, these dynamics underscore the importance of

privacy frameworks that address the persistence and spillover effects of data in an increas-

ingly interconnected world. Our work aligns with her argument by treating digital data as

a non-rival and productive input in the growth process while also recognizing the negative

externalities arising from privacy concerns.

This paper contributes to three key strands of the literature. First, it extends the trade

and growth literature by incorporating the dual role of data as both an input to economic

growth and a potential source of negative externalities related to privacy. Traditional models,

such as Rivera-Batiz and Romer (1991ab), primarily emphasize the diffusion of knowledge

through trade. This study, however, introduces digital data as a central driver of innovation

and productivity, deepening our understanding of how cross-border data flows shape trade

dynamics and growth. While Chang et al. (2024) considers an open economy where data is

non-rival and accumulates as a stock, their framework does not treat data as a productive

input. In contrast, this paper explicitly models data as a productive R&D input.

Second, this paper contributes to the privacy literature by examining privacy within the

broader context of trade and growth. While privacy concerns have traditionally been analyzed

through the lens of consumer protection, this study highlights implications of their long-run

growth and individual welfare. In particular, it explores how privacy, often seen as a barrier

to data flows, is deeply intertwined with economic growth. By integrating privacy into a

dynamic growth model with trade, this paper underscores the trade-off between leveraging

data for innovation and mitigating privacy risks, offering new insights into the intersection of
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privacy regulation and economic development.

Third, this paper advances the literature on economic growthwith data. For example, Jones

and Tonetti (2020) introduce non-rivalrous data into a dynamic general equilibrium model,

analyzing welfare implications under different ownership structures, including consumer and

firm ownership compared to the socially optimal allocation. However, their model treats non-

rivalrous data as a flow rather than a stock, limiting its implications for long-run growth.

In contrast, this paper highlights how, in an economy engaged in international trade, cross-

border data flows can serve as a powerful engine of economic growth.

The paper is structured as follows: Section 2 introduces the model, outlines the dynamic

competitive equilibrium, describes the stationary allocation on a balanced growth path, and

determines the equilibrium long-run growth rate along with a welfare measure. Section 3

presents a quantitative analysis, exploring economic integration under various scenarios, pol-

icy approaches such as non-tariff barriers, data regulation, and digital trade agreements. Sec-

tion 4 concludes the paper.

2 The model

This study examines a global economic system composed of 𝑁𝑁 + 1 interconnected countries

engaged in the exchange of goods, ideas, and data. While both ideas and data exhibit non-

rivalry, this analysis distinguishes data by its unique capacity to generate privacy concerns.

Each country has three sectors: R&D, final good, and intermediate input. The R&D sector

generates new ideas that drive economic growth. The final good sector takes those ideas and

produces physical capital and a consumption bundle of goods by assembling intermediate in-

puts and using labor. Intermediate input sector supplies intermediate inputs to final sector.

Each economy within this framework includes four key actors: privacy-conscious consumers,

innovators who use both non-rivalrous data and knowledge, final output producers, and dif-

ferentiated intermediate input producers.

The population in each country remains constant over time. The total number of workers
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in each country is normalized to one at all times. Labor is allocated between the final output

sector and the R&D sector within each country, with the total labor supply in each country at

any given time being equal to one at all times. Within each country, economic activity unfolds

over an infinite time horizon. The model explicitly excludes the cross-border movement of

labor and capital. All notation is written in terms of country 𝑖𝑖 (home).

2.1 The evolution of digital data

Digital data are generated as a by-product of economic activities (e.g., consumption) in each

country at each time 𝑡𝑡.3 A country’s total stock of data consists of two components: (i) Do-

mestic data: data generated within the country’s own economic activities. (ii) Cross-border

data: data received from other countries. The volume of cross-border data a country collects

depends on its degree of economic interdependence with other countries and the intensity of

cross-border data flows originating from these countries. While digital data are inexpensive

to store, making intentional deletion rare, digital data may still depreciate due to accidental

or incidental factors. Firms often retain digital data even when it is not immediately useful,

anticipating future value. For simplicity, we do not formalize the depreciation rate in detail

and instead assume an exogenous depreciation rate.

Given the initial level of digital data, the dynamics of digital data in country 𝑖𝑖 at time 𝑡𝑡 is

described by the following equation:

𝑥̇𝑥𝑖𝑖𝑖𝑖 = 𝜇𝜇[𝑐̂𝑐𝑖𝑖𝑖𝑖 +
𝑁𝑁+1

∑
𝑗𝑗≠𝑖𝑖

𝜙𝜙𝑗𝑗 𝑐̂𝑐𝑗𝑗𝑗𝑗] − 𝛿𝛿𝛿𝛿𝑖𝑖𝑖𝑖 , (1)

where a dot over a variable represents the time derivative, 𝑐̂𝑐𝑖𝑖𝑖𝑖 is the average of aggregate

consumption at each country 𝑖𝑖 and time 𝑡𝑡; 𝜇𝜇 𝜇 0 is the intensity of the digital data formation;

𝜙𝜙𝑗𝑗 ∈ [0, 1] represents the degree to which country 𝑖𝑖 can access data from country 𝑗𝑗 . If 𝜙𝜙𝑗𝑗 goes

to zero, it means no data accessibility. If 𝜙𝜙 goes to one, it means perfect data accessibility.
3Data emerge as by-products of consumption (e.g., Varian 1997, Jones and Tonetti 2020) and can also be

generated in the production process (e.g. Farboodi and Veldkamp 2020). Regardless of the source, our main
qualitative results remain unchanged.
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assuming data are fully depreciated (Jones and Tonetti 2020, Cong et al. 2021, 2022). Since this

paper treats data as a stock, the depreciation rate of digital stock is strictly less than one.5

Equation (1) shows the dynamics of digital data generation, driven by domestic and for-

eign economic activities and subject to depreciation. The main features of this equation are:

(i) domestic consumption (𝑐̂𝑐𝑖𝑖𝑖𝑖) serves as a direct input into the generation of digital data within

country 𝑖𝑖 and time 𝑡𝑡. (ii) cross-border data flows: The parameter 𝜙𝜙𝑗𝑗 is closely related to the

intensity of cross-border data flow regulations imposed by country 𝑗𝑗 . As country 𝑗𝑗 ’s regula-

tions on the transfer of domestic data to other countries becomemore stringent, the parameter

𝜙𝜙𝑗𝑗 tends to zero for all countries. (iii) ∑𝑁𝑁+1
𝑗𝑗≠𝑖𝑖 𝜙𝜙𝑗𝑗 𝑐̂𝑐𝑗𝑗𝑗𝑗 captures the aggregate impact of economic

activity in other countries (excluding country 𝑖𝑖) on country 𝑖𝑖’s digital data generation, where

𝑁𝑁 is the total number of foreign countries.

2.2 Privacy-conscious consumer

The consumer derives utility from consumption 𝑐𝑐𝑖𝑖𝑖𝑖 and and experiences disutility from pri-

vacy concerns. Here, privacy concerns should be interpreted broadly to include cybercrime,

cybersecurity, and many other concerns. We model privacy concerns as a function of the total

stock of digital data and an intensity parameter that reflects the disutility from privacy loss.

As discussed, digital data includes both domestically generated data and data transferred from

foreign countries. This implies that domestic consumers experience disutility not only when

domestic individuals or firms access their data but also when foreign entities do so. The same

logic applies symmetrically to foreign consumers. However, we assume that the intensity of

privacy concerns remains constant regardless of changes in the total size of digital data. For-

mally, the consumer’s lifetime utility is represented by:

𝑈𝑈𝑖𝑖 = ∫
∞

0 [
1

1 − 𝜎𝜎(
𝑐𝑐𝑖𝑖𝑖𝑖
𝑥𝑥𝛾𝛾
𝑖𝑖𝑖𝑖
)
1−𝜎𝜎

]𝑒𝑒
−𝜌𝜌𝜌𝜌𝑑𝑑𝑑𝑑𝑑 (2)

4𝜙𝜙 can be interpreted in many ways. It can cover digital trade barriers including filtering, blocking, data
localization and so on.

5Tucker (2019) highlights that data live longer than before due to the drastic fall in storage costs.
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∞
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1

1 − 𝜎𝜎(
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𝑥𝑥𝛾𝛾
𝑖𝑖𝑖𝑖
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4𝜙𝜙 can be interpreted in many ways. It can cover digital trade barriers including filtering, blocking, data
localization and so on.

5Tucker (2019) highlights that data live longer than before due to the drastic fall in storage costs.
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where 𝜌𝜌 𝜌 0 represents the rate of time discounting. 𝜎𝜎 ∈ [0,∞) denotes the inverse of in-

tertemporal substitution, 𝛾𝛾 ∈ [0, 1] captures the intensity of disutility from privacy concerns.

Here we have two comments: First, regarding the sign of 𝛾𝛾 , if 𝛾𝛾 is negative, it implies that the

representative consumer derives utility from the availability of digital data, creating a pure

positive externality. In this framework, there are no trade-offs in data usage since data serves

as a universal benefit for all countries. Second, regarding the interpretation of 𝛾𝛾 , Goldfarb and

Tucker (2024) distinguish between two types of privacy preferences: intrinsic and instrumen-

tal. Intrinsic value reflects a fundamental preference for privacy, independent of economic

consequences, while instrumental value arises when individuals seek privacy to avoid eco-

nomic disadvantages, such as price discrimination or other negative outcomes of data expo-

sure. Within this framework, 𝛾𝛾 can be interpreted as capturing intrinsic privacy concerns.

The representative consumer earns income by supplying financial assets and labor, con-

suming final outputs, and making investments for the future. She supplies assets 𝑎𝑎𝑖𝑖𝑖𝑖 to the

market, with the initial holdings denoted as 𝑎𝑎𝑖𝑖0. These assets generate a return of 𝑟𝑟𝑖𝑖𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖 , where

𝑟𝑟𝑖𝑖𝑖𝑖 is the market interest rate. Additionally, the consumer supplies labor to both the final goods

sector 𝑙𝑙𝑦𝑦𝑖𝑖𝑖𝑖 and the data-driven R&D sector 𝑙𝑙𝐴𝐴𝑖𝑖𝑖𝑖 . Given competitive market prices, the consumer’s

budget constraint is:

𝑎̇𝑎𝑖𝑖𝑖𝑖 = 𝑟𝑟𝑖𝑖𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖 + 𝑤𝑤𝑖𝑖𝑖𝑖𝑙𝑙𝑦𝑦𝑖𝑖𝑖𝑖 + 𝑤𝑤𝑖𝑖𝑖𝑖𝑙𝑙𝐴𝐴𝑖𝑖𝑖𝑖 − 𝑐𝑐𝑖𝑖𝑖𝑖 . (3)

The consumer maximizes his/her lifetime utility (2) subject to the budget constraints (3),

the dynamics of digital data (1), and the transversality condition. The Euler equation is

𝑐̇𝑐𝑖𝑖𝑖𝑖
𝑐𝑐𝑖𝑖𝑖𝑖

= 𝑟𝑟𝑖𝑖𝑖𝑖 − 𝜌𝜌
𝜎𝜎

+ 𝛾𝛾(𝜎𝜎 − 1)
𝜎𝜎 [(

𝜇𝜇 𝜇𝜇𝜇𝑖𝑖𝑖𝑖
𝑥𝑥𝑖𝑖𝑖𝑖

+
𝑁𝑁+1

∑
𝑗𝑗≠𝑖𝑖

𝜇𝜇𝜇𝜇𝑗𝑗 𝑐̂𝑐𝑗𝑗𝑗𝑗
𝑥𝑥𝑖𝑖𝑖𝑖 ) − 𝛿𝛿]. (4)

Consumption dynamics are shaped by two key factors: (i) the standard intertemporal

trade-off: captured by the weighted difference between the interest rate and the time dis-

count rate, (ii) the impact of privacy concerns, where the spillover effects of privacy concerns

influence consumer’s utility and, in turn, consumer’s behavior. The latter effect is weighted by

𝛾𝛾(1 − 1/𝜎𝜎) , reflecting the sensitivity of consumption to changes in digital data accumulation.
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2.3 Data-driven R&D sector

We model a growth engine comprising two non-rival factors—knowledge and data—and one

rival factor—researchers. In our specification of knowledge production, innovators in the R&D

sector use not only labor and existing knowledge but also data as a productive input. For in-

stance, an AI programmer develops computer code that integrates vast datasets. More broadly,

data is employed to profile and target consumers, optimize systems, manage and control pro-

cesses, model probabilities, develop new products, and enhance the value of assets (Sadowski

2019).6 Data-driven knowledge production 𝐴̇𝐴𝑖𝑖𝑖𝑖 can be written as:

𝐴̇𝐴𝑖𝑖𝑖𝑖 = 𝜃𝜃[𝐴𝐴
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑡𝑡 ][

𝑥𝑥𝑖𝑖𝑖𝑖
𝑘𝑘𝑖𝑖𝑖𝑖 ]

𝑙𝑙𝐴𝐴𝑖𝑖𝑖𝑖 , (5)

where 𝜃𝜃 is the productivity of data-driven R&D production. The global knowledge stock at

time 𝑡𝑡 is given by 𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑡𝑡 ≤ ∑𝑁𝑁+1

𝑖𝑖=1 𝐴𝐴𝑖𝑖𝑖𝑖 where the inequality accounts for redundancy in knowl-

edge. This redundancy plays a crucial role in economic growth by influencing the marginal

productivity of labor in data-driven R&D. To mitigate scale effects, 𝑘𝑘𝑖𝑖𝑖𝑖 is introduced. Notably,

the ratio 𝑥𝑥𝑖𝑖𝑖𝑖/𝑘𝑘𝑖𝑖𝑖𝑖 represents the total stock of digital data per capital (e.g., bytes per computer)

in country 𝑖𝑖 at time 𝑡𝑡.

Equation (5) defines a direct link between newly created technology 𝐴̇𝐴, the global knowl-

edge stock 𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 , and a country’s digital data. While the knowledge stock is globally accessi-

ble, digital data collected by domestic and foreign sources remains usable only within national

borders. This model builds on the R&D production framework of Rivera-Batiz and Romer

(1991b), but extends it by incorporating digital data as a productive input without introducing

additional spillovers. In essence, it distinguishes between accessibility in data creation and

accessibility in data usage.

To better understand R&Dproduction in equation (5), we consider two other specifications.

First, global data accessibility: Here, 𝐴̇𝐴𝑖𝑖𝑖𝑖 = 𝜃𝜃𝜃𝜃𝑖𝑖𝑖𝑖𝑥𝑥𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑡𝑡 𝑙𝑙𝐴𝐴𝑖𝑖𝑖𝑖 /𝑘𝑘𝑖𝑖𝑖𝑖 meaning that technological ad-

6At the plant level, firms rely heavily on data. Brynjolfsson and McElheran (2016), using Census Bureau data
from a large representative sample of U.S. manufacturing plants, show that data-driven decision-making nearly
tripled from 11% to 30% between 2005 and 2010.
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vances follow the same pattern over time but are directly linked to the global digital data stock

𝑥𝑥𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 . This model assumes perfect foreign digital data accessibility (𝜙𝜙 = 1 in equation (1)).

However, given that regulatory constraints limit accessibility of foreign digital data 𝜙𝜙, this

specification is infeasible unless full data access is granted. Second, no external effects: In

this extreme case, 𝐴̇𝐴𝑖𝑖𝑖𝑖 = 𝜃𝜃𝜃𝜃𝑖𝑖𝑖𝑖𝑥𝑥𝑖𝑖𝑖𝑖 𝑙𝑙𝐴𝐴𝑖𝑖𝑖𝑖 /𝑘𝑘𝑖𝑖𝑖𝑖 , again implying identical technological advances over

time. While both knowledge and digital data are non-rival, they remain restricted within

national borders, benefiting only domestic individuals or firms and preventing international

spillovers.

This paper’s framework highlights how data accessibility shapes growth. The degree of

accessibility influences innovation efficiency, international knowledge spillovers, and long-

term growth. Examining these variations provides deeper insights into the interplay between

trade integration, data governance, and technological progress.

The data-driven R&D market is perfectly competitive. An innovator maximizes his profit:

𝜋𝜋𝐴𝐴
𝑖𝑖𝑖𝑖 = 𝑝𝑝𝐴𝐴

𝑖𝑖𝑖𝑖 𝐴̇𝐴𝑖𝑖𝑖𝑖 − 𝑤𝑤𝑖𝑖𝑖𝑖𝑙𝑙𝐴𝐴𝑖𝑖𝑖𝑖 subject to (5) given the market price of a new idea 𝑝𝑝𝐴𝐴
𝑖𝑖𝑖𝑖 . The first-order

condition with respect to researcher is

𝑝𝑝𝐴𝐴
𝑖𝑖𝑖𝑖 =

𝑤𝑤𝑖𝑖𝑖𝑖

𝜃𝜃𝜃𝜃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑡𝑡 (

𝑥𝑥𝑖𝑖𝑖𝑖
𝑘𝑘𝑖𝑖𝑖𝑖 )

. (6)

The productivity of data-driven R&D production 𝜃𝜃 is inversely related to the price of a new

idea. Additionally, the equilibriumwage𝑤𝑤𝑖𝑖𝑖𝑖 and the global stock of existing knowledge𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑡𝑡 ,

digital data per capital (𝑥𝑥𝑖𝑖𝑖𝑖/𝑘𝑘𝑖𝑖𝑖𝑖) in the data-driven R&D sector affects the price of knowledge,

holding other factors constant.

2.4 International trade sector

The final good is homogeneous, whereas intermediate inputs are differentiated. Both the final

good and intermediate inputs are traded internationally. Final good producers demand inter-

mediate inputs from domestic and foreign markets. Given this demand, intermediate input

producers supply intermediate inputs and set prices in both markets. The ability of an inter-

11
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vances follow the same pattern over time but are directly linked to the global digital data stock

𝑥𝑥𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 . This model assumes perfect foreign digital data accessibility (𝜙𝜙 = 1 in equation (1)).

However, given that regulatory constraints limit accessibility of foreign digital data 𝜙𝜙, this

specification is infeasible unless full data access is granted. Second, no external effects: In

this extreme case, 𝐴̇𝐴𝑖𝑖𝑖𝑖 = 𝜃𝜃𝜃𝜃𝑖𝑖𝑖𝑖𝑥𝑥𝑖𝑖𝑖𝑖 𝑙𝑙𝐴𝐴𝑖𝑖𝑖𝑖 /𝑘𝑘𝑖𝑖𝑖𝑖 , again implying identical technological advances over

time. While both knowledge and digital data are non-rival, they remain restricted within

national borders, benefiting only domestic individuals or firms and preventing international

spillovers.

This paper’s framework highlights how data accessibility shapes growth. The degree of

accessibility influences innovation efficiency, international knowledge spillovers, and long-

term growth. Examining these variations provides deeper insights into the interplay between

trade integration, data governance, and technological progress.

The data-driven R&D market is perfectly competitive. An innovator maximizes his profit:

𝜋𝜋𝐴𝐴
𝑖𝑖𝑖𝑖 = 𝑝𝑝𝐴𝐴

𝑖𝑖𝑖𝑖 𝐴̇𝐴𝑖𝑖𝑖𝑖 − 𝑤𝑤𝑖𝑖𝑖𝑖𝑙𝑙𝐴𝐴𝑖𝑖𝑖𝑖 subject to (5) given the market price of a new idea 𝑝𝑝𝐴𝐴
𝑖𝑖𝑖𝑖 . The first-order

condition with respect to researcher is

𝑝𝑝𝐴𝐴
𝑖𝑖𝑖𝑖 =

𝑤𝑤𝑖𝑖𝑖𝑖

𝜃𝜃𝜃𝜃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑡𝑡 (

𝑥𝑥𝑖𝑖𝑖𝑖
𝑘𝑘𝑖𝑖𝑖𝑖 )

. (6)

The productivity of data-driven R&D production 𝜃𝜃 is inversely related to the price of a new

idea. Additionally, the equilibriumwage𝑤𝑤𝑖𝑖𝑖𝑖 and the global stock of existing knowledge𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑡𝑡 ,

digital data per capital (𝑥𝑥𝑖𝑖𝑖𝑖/𝑘𝑘𝑖𝑖𝑖𝑖) in the data-driven R&D sector affects the price of knowledge,

holding other factors constant.

2.4 International trade sector

The final good is homogeneous, whereas intermediate inputs are differentiated. Both the final

good and intermediate inputs are traded internationally. Final good producers demand inter-

mediate inputs from domestic and foreign markets. Given this demand, intermediate input

producers supply intermediate inputs and set prices in both markets. The ability of an inter-
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mediate input producer to set prices stems from purchasing a blueprint for a unique capital

good, supplied by an innovator in the data-driven R&D sector.

Throughout this paper, we assume that the intermediate input producer’s monopoly power

is protected by a global patent system. By earning monopoly rents from supplying the durable

good, the producer can compensate the innovator for the cost of the blueprint.

Final output sector: The final output is produced by using labor and various intermediate

inputs from domestic and foreign markets according to the CES production technology. The

final output production is defined as

𝑦𝑦𝑖𝑖𝑖𝑖 = (𝑙𝑙𝑦𝑦𝑖𝑖𝑖𝑖)𝛼𝛼(𝑋𝑋𝑖𝑖𝑖𝑖)1−𝛼𝛼, (7)

where 𝑋𝑋𝑖𝑖𝑖𝑖 is an intermediate input aggregator in country 𝑖𝑖 at time 𝑡𝑡. Specifically, we specify

𝑋𝑋𝑖𝑖𝑖𝑖 as

𝑋𝑋𝑖𝑖𝑖𝑖 = [∫
𝐴𝐴𝑖𝑖𝑖𝑖

0
[ℎ𝑖𝑖𝑖𝑖(𝑣𝑣𝑖𝑖)]𝑚𝑚𝑑𝑑𝑑𝑑𝑖𝑖 +

𝑁𝑁+1

∑
𝑗𝑗≠𝑖𝑖

∫
𝐴𝐴𝑗𝑗𝑗𝑗

0
[𝑓𝑓𝑗𝑗𝑗𝑗(𝑣𝑣𝑗𝑗 )]𝑚𝑚𝑑𝑑𝑑𝑑𝑗𝑗]

1
𝑚𝑚

where ℎ𝑖𝑖𝑖𝑖(𝑣𝑣𝑖𝑖) represents the domestic use of the intermediate input 𝑣𝑣𝑖𝑖 ∈ [0, 𝐴𝐴𝑖𝑖𝑖𝑖] produced in

country 𝑖𝑖 at time 𝑡𝑡, while 𝑓𝑓𝑗𝑗𝑗𝑗(𝑣𝑣𝑗𝑗 ) represents country 𝑖𝑖’s use of intermediate input 𝑣𝑣𝑗𝑗 ∈ [0, 𝐴𝐴𝑗𝑗𝑗𝑗]

produced in country 𝑗𝑗 at time 𝑡𝑡. 𝐴𝐴𝑖𝑖𝑖𝑖 and 𝐴𝐴𝑗𝑗𝑗𝑗 represent the set of all input varieties available at

time 𝑡𝑡 in countries 𝑖𝑖 and 𝑗𝑗 , respectively, for all 𝑗𝑗 ≠ 𝑖𝑖. For example, the first 𝑣𝑣𝑖𝑖 in [0, 𝐴𝐴𝑖𝑖𝑖𝑖] may

be a two nano semi-conductor chip in country 𝑖𝑖 and the last 𝑣𝑣𝑗𝑗 in [0, 𝐴𝐴𝑗𝑗𝑗𝑗] may be a 5G fiber

cable in country 𝑗𝑗 . The parameter 𝑚𝑚 ∈ (−∞, 1) represents the constant elasticity 1/(1 − 𝑚𝑚) of

substitution between intermediate inputs.

Let 𝑦𝑦𝑖𝑖𝑖𝑖 be the numeraire. Given the market wage 𝑤𝑤𝑖𝑖𝑖𝑖 and the prices of intermediate input

from domestic and foreign sources, the final good producer chooses labor and intermediate

inputs to maximize its profit 𝜋𝜋𝑖𝑖𝑖𝑖 :

𝜋𝜋𝑖𝑖𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖 − 𝑤𝑤𝑖𝑖𝑖𝑖𝑙𝑙𝑦𝑦𝑖𝑖𝑖𝑖 − ∫
𝐴𝐴𝑖𝑖𝑖𝑖

0
𝑝𝑝ℎ
𝑖𝑖𝑖𝑖(𝑣𝑣𝑖𝑖)ℎ𝑖𝑖𝑖𝑖(𝑣𝑣𝑖𝑖)𝑑𝑑𝑑𝑑𝑖𝑖 −

𝑁𝑁+1

∑
𝑗𝑗≠𝑖𝑖

∫
𝐴𝐴𝑗𝑗𝑗𝑗

0
𝑝𝑝𝑓𝑓
𝑗𝑗𝑗𝑗(𝑣𝑣𝑗𝑗 )𝑓𝑓𝑗𝑗𝑗𝑗(𝑣𝑣𝑗𝑗 )𝑑𝑑𝑑𝑑𝑗𝑗 .

where 𝑝𝑝ℎ
𝑖𝑖𝑖𝑖 is the price of domestic intermediate input in country 𝑖𝑖, and 𝑝𝑝𝑓𝑓

𝑗𝑗𝑗𝑗 is the price that
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mediate input producer to set prices stems from purchasing a blueprint for a unique capital

good, supplied by an innovator in the data-driven R&D sector.

Throughout this paper, we assume that the intermediate input producer’s monopoly power

is protected by a global patent system. By earning monopoly rents from supplying the durable

good, the producer can compensate the innovator for the cost of the blueprint.

Final output sector: The final output is produced by using labor and various intermediate

inputs from domestic and foreign markets according to the CES production technology. The

final output production is defined as

𝑦𝑦𝑖𝑖𝑖𝑖 = (𝑙𝑙𝑦𝑦𝑖𝑖𝑖𝑖)𝛼𝛼(𝑋𝑋𝑖𝑖𝑖𝑖)1−𝛼𝛼, (7)

where 𝑋𝑋𝑖𝑖𝑖𝑖 is an intermediate input aggregator in country 𝑖𝑖 at time 𝑡𝑡. Specifically, we specify

𝑋𝑋𝑖𝑖𝑖𝑖 as

𝑋𝑋𝑖𝑖𝑖𝑖 = [∫
𝐴𝐴𝑖𝑖𝑖𝑖

0
[ℎ𝑖𝑖𝑖𝑖(𝑣𝑣𝑖𝑖)]𝑚𝑚𝑑𝑑𝑑𝑑𝑖𝑖 +

𝑁𝑁+1

∑
𝑗𝑗≠𝑖𝑖

∫
𝐴𝐴𝑗𝑗𝑗𝑗

0
[𝑓𝑓𝑗𝑗𝑗𝑗(𝑣𝑣𝑗𝑗 )]𝑚𝑚𝑑𝑑𝑑𝑑𝑗𝑗]

1
𝑚𝑚

where ℎ𝑖𝑖𝑖𝑖(𝑣𝑣𝑖𝑖) represents the domestic use of the intermediate input 𝑣𝑣𝑖𝑖 ∈ [0, 𝐴𝐴𝑖𝑖𝑖𝑖] produced in

country 𝑖𝑖 at time 𝑡𝑡, while 𝑓𝑓𝑗𝑗𝑗𝑗(𝑣𝑣𝑗𝑗 ) represents country 𝑖𝑖’s use of intermediate input 𝑣𝑣𝑗𝑗 ∈ [0, 𝐴𝐴𝑗𝑗𝑗𝑗]

produced in country 𝑗𝑗 at time 𝑡𝑡. 𝐴𝐴𝑖𝑖𝑖𝑖 and 𝐴𝐴𝑗𝑗𝑗𝑗 represent the set of all input varieties available at

time 𝑡𝑡 in countries 𝑖𝑖 and 𝑗𝑗 , respectively, for all 𝑗𝑗 ≠ 𝑖𝑖. For example, the first 𝑣𝑣𝑖𝑖 in [0, 𝐴𝐴𝑖𝑖𝑖𝑖] may

be a two nano semi-conductor chip in country 𝑖𝑖 and the last 𝑣𝑣𝑗𝑗 in [0, 𝐴𝐴𝑗𝑗𝑗𝑗] may be a 5G fiber

cable in country 𝑗𝑗 . The parameter 𝑚𝑚 ∈ (−∞, 1) represents the constant elasticity 1/(1 − 𝑚𝑚) of

substitution between intermediate inputs.

Let 𝑦𝑦𝑖𝑖𝑖𝑖 be the numeraire. Given the market wage 𝑤𝑤𝑖𝑖𝑖𝑖 and the prices of intermediate input

from domestic and foreign sources, the final good producer chooses labor and intermediate

inputs to maximize its profit 𝜋𝜋𝑖𝑖𝑖𝑖 :

𝜋𝜋𝑖𝑖𝑖𝑖 = 𝑦𝑦𝑖𝑖𝑖𝑖 − 𝑤𝑤𝑖𝑖𝑖𝑖𝑙𝑙𝑦𝑦𝑖𝑖𝑖𝑖 − ∫
𝐴𝐴𝑖𝑖𝑖𝑖

0
𝑝𝑝ℎ
𝑖𝑖𝑖𝑖(𝑣𝑣𝑖𝑖)ℎ𝑖𝑖𝑖𝑖(𝑣𝑣𝑖𝑖)𝑑𝑑𝑑𝑑𝑖𝑖 −

𝑁𝑁+1

∑
𝑗𝑗≠𝑖𝑖

∫
𝐴𝐴𝑗𝑗𝑗𝑗

0
𝑝𝑝𝑓𝑓
𝑗𝑗𝑗𝑗(𝑣𝑣𝑗𝑗 )𝑓𝑓𝑗𝑗𝑗𝑗(𝑣𝑣𝑗𝑗 )𝑑𝑑𝑑𝑑𝑗𝑗 .

where 𝑝𝑝ℎ
𝑖𝑖𝑖𝑖 is the price of domestic intermediate input in country 𝑖𝑖, and 𝑝𝑝𝑓𝑓

𝑗𝑗𝑗𝑗 is the price that
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foreign producers in country 𝑗𝑗 receive for their exports.

The first-order condition with respect to labor is

𝑤𝑤𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑦𝑦𝑖𝑖𝑖𝑖
𝑙𝑙𝑦𝑦𝑖𝑖𝑖𝑖
, (8)

where the labor income 𝑤𝑤𝑖𝑖𝑖𝑖𝑙𝑙𝑦𝑦𝑖𝑖𝑖𝑖 represents the 𝛼𝛼 fraction of final output in equilibrium.

The first-order conditions with respect to the intermediate input ℎ𝑖𝑖𝑖𝑖 from country 𝑖𝑖 and 𝑓𝑓𝑗𝑗𝑗𝑗

from country 𝑗𝑗 (for all 𝑗𝑗 ≠ 𝑖𝑖) are

𝑝𝑝ℎ
𝑖𝑖𝑖𝑖 = (1 − 𝛼𝛼) 𝑦𝑦𝑖𝑖𝑖𝑖

𝑋𝑋𝑖𝑖𝑖𝑖

𝜕𝜕𝜕𝜕𝑖𝑖𝑖𝑖

𝜕𝜕𝜕𝑖𝑖𝑖𝑖
, 𝑝𝑝𝑓𝑓

𝑗𝑗𝑗𝑗 = (1 − 𝛼𝛼) 𝑦𝑦𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖

𝜕𝜕𝜕𝜕𝑖𝑖𝑖𝑖

𝜕𝜕𝜕𝜕𝑗𝑗𝑗𝑗
, ∀ 𝑗𝑗 ≠ 𝑖𝑖 (9)

Using equations (9), we derive the demand for ℎ𝑖𝑖𝑖𝑖(𝑣𝑣𝑖𝑖) and 𝑓𝑓𝑗𝑗𝑗𝑗(𝑣𝑣𝑗𝑗 ):

ℎ𝑖𝑖𝑖𝑖 = [𝑝𝑝ℎ
𝑖𝑖𝑖𝑖]−

1
1−𝑚𝑚 [𝑃𝑃𝑖𝑖𝑖𝑖]

1
1−𝑚𝑚𝑋𝑋𝑖𝑖𝑖𝑖 , 𝑓𝑓𝑗𝑗𝑗𝑗 = [𝑝𝑝𝑓𝑓

𝑗𝑗𝑗𝑗]−
1

1−𝑚𝑚 [𝑃𝑃𝑖𝑖𝑖𝑖]
1

1−𝑚𝑚𝑋𝑋𝑖𝑖𝑖𝑖 , ∀ 𝑗𝑗 ≠ 𝑖𝑖

where 𝑃𝑃𝑖𝑖𝑖𝑖 is the aggregate price for the set of intermediate inputs for country 𝑖𝑖 at time 𝑡𝑡.

Intermediate input sector: To produce one unit of any intermediate input, the producer

must forgo one unit of consumption. In otherwords, we assume one unit of foregone consump-

tion results in the production of one unit of any capital good. Additionally, the intermediate

input producer must contend with non-tariff barriers (NTBs), which include data localization,

technical barriers, local contents requirements and so on.7 The cost of NTBs, 𝜏𝜏, is reflected by

a reduction in revenue earned from selling goods to foreign countries. Formally, the interme-

diate input producer’s maximization problem can be written as:

𝜋𝜋𝑥𝑥
𝑖𝑖𝑖𝑖 = 𝑝𝑝ℎ

𝑖𝑖𝑖𝑖(ℎ𝑖𝑖𝑖𝑖)ℎ𝑖𝑖𝑖𝑖 +
𝑁𝑁+1

∑
𝑗𝑗≠𝑖𝑖

(1 − 𝜏𝜏𝑗𝑗)𝑝𝑝𝑓𝑓
𝑗𝑗𝑗𝑗(𝑓𝑓 ∗

𝑗𝑗𝑗𝑗)𝑓𝑓 ∗
𝑗𝑗𝑗𝑗 − 𝑟𝑟𝑖𝑖𝑖𝑖(ℎ𝑖𝑖𝑖𝑖 +

𝑁𝑁+1

∑
𝑗𝑗≠𝑖𝑖

𝑓𝑓 ∗
𝑗𝑗𝑗𝑗).

7From 1995 to 2022, the WTO TBT Committee recorded 60 Specific Trade Concerns related to digital trade,
with a notable increase in concerns over ICT, telecommunications, and cybersecurity regulations. As of Q3 2023,
WTO members reported 898 new technical regulations, bringing the total number of active regulations to 2,951.
Also note that Romer (1994) interprets 𝜏𝜏 as encompassing tariff and non-tariff barriers to the imports of key inputs
and components, excessive tax rates, restrictions on ownership, domestic content requirements, corruption, and
bureaucratic regulation among others.

13



2. The model 21

foreign producers in country 𝑗𝑗 receive for their exports.

The first-order condition with respect to labor is

𝑤𝑤𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑦𝑦𝑖𝑖𝑖𝑖
𝑙𝑙𝑦𝑦𝑖𝑖𝑖𝑖
, (8)

where the labor income 𝑤𝑤𝑖𝑖𝑖𝑖𝑙𝑙𝑦𝑦𝑖𝑖𝑖𝑖 represents the 𝛼𝛼 fraction of final output in equilibrium.

The first-order conditions with respect to the intermediate input ℎ𝑖𝑖𝑖𝑖 from country 𝑖𝑖 and 𝑓𝑓𝑗𝑗𝑗𝑗

from country 𝑗𝑗 (for all 𝑗𝑗 ≠ 𝑖𝑖) are

𝑝𝑝ℎ
𝑖𝑖𝑖𝑖 = (1 − 𝛼𝛼) 𝑦𝑦𝑖𝑖𝑖𝑖

𝑋𝑋𝑖𝑖𝑖𝑖

𝜕𝜕𝜕𝜕𝑖𝑖𝑖𝑖

𝜕𝜕𝜕𝑖𝑖𝑖𝑖
, 𝑝𝑝𝑓𝑓

𝑗𝑗𝑗𝑗 = (1 − 𝛼𝛼) 𝑦𝑦𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖

𝜕𝜕𝜕𝜕𝑖𝑖𝑖𝑖

𝜕𝜕𝜕𝜕𝑗𝑗𝑗𝑗
, ∀ 𝑗𝑗 ≠ 𝑖𝑖 (9)

Using equations (9), we derive the demand for ℎ𝑖𝑖𝑖𝑖(𝑣𝑣𝑖𝑖) and 𝑓𝑓𝑗𝑗𝑗𝑗(𝑣𝑣𝑗𝑗 ):

ℎ𝑖𝑖𝑖𝑖 = [𝑝𝑝ℎ
𝑖𝑖𝑖𝑖]−

1
1−𝑚𝑚 [𝑃𝑃𝑖𝑖𝑖𝑖]

1
1−𝑚𝑚𝑋𝑋𝑖𝑖𝑖𝑖 , 𝑓𝑓𝑗𝑗𝑗𝑗 = [𝑝𝑝𝑓𝑓

𝑗𝑗𝑗𝑗]−
1

1−𝑚𝑚 [𝑃𝑃𝑖𝑖𝑖𝑖]
1

1−𝑚𝑚𝑋𝑋𝑖𝑖𝑖𝑖 , ∀ 𝑗𝑗 ≠ 𝑖𝑖

where 𝑃𝑃𝑖𝑖𝑖𝑖 is the aggregate price for the set of intermediate inputs for country 𝑖𝑖 at time 𝑡𝑡.

Intermediate input sector: To produce one unit of any intermediate input, the producer

must forgo one unit of consumption. In otherwords, we assume one unit of foregone consump-

tion results in the production of one unit of any capital good. Additionally, the intermediate

input producer must contend with non-tariff barriers (NTBs), which include data localization,

technical barriers, local contents requirements and so on.7 The cost of NTBs, 𝜏𝜏, is reflected by

a reduction in revenue earned from selling goods to foreign countries. Formally, the interme-

diate input producer’s maximization problem can be written as:

𝜋𝜋𝑥𝑥
𝑖𝑖𝑖𝑖 = 𝑝𝑝ℎ

𝑖𝑖𝑖𝑖(ℎ𝑖𝑖𝑖𝑖)ℎ𝑖𝑖𝑖𝑖 +
𝑁𝑁+1

∑
𝑗𝑗≠𝑖𝑖

(1 − 𝜏𝜏𝑗𝑗)𝑝𝑝𝑓𝑓
𝑗𝑗𝑗𝑗(𝑓𝑓 ∗

𝑗𝑗𝑗𝑗)𝑓𝑓 ∗
𝑗𝑗𝑗𝑗 − 𝑟𝑟𝑖𝑖𝑖𝑖(ℎ𝑖𝑖𝑖𝑖 +

𝑁𝑁+1

∑
𝑗𝑗≠𝑖𝑖

𝑓𝑓 ∗
𝑗𝑗𝑗𝑗).

7From 1995 to 2022, the WTO TBT Committee recorded 60 Specific Trade Concerns related to digital trade,
with a notable increase in concerns over ICT, telecommunications, and cybersecurity regulations. As of Q3 2023,
WTO members reported 898 new technical regulations, bringing the total number of active regulations to 2,951.
Also note that Romer (1994) interprets 𝜏𝜏 as encompassing tariff and non-tariff barriers to the imports of key inputs
and components, excessive tax rates, restrictions on ownership, domestic content requirements, corruption, and
bureaucratic regulation among others.
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where 𝑓𝑓 ∗
𝑗𝑗 represents the demand of country 𝑗𝑗 . The first term on the right-hand side corre-

sponds to the revenue from the domestic market, the second term is the total revenue gener-

ated from all foreign markets, and the last term is the total fixed investment cost in terms of

consumption (final output). For instance, if variety 𝑣𝑣𝑖𝑖 represents a cloud computing service,

then 𝑟𝑟𝑖𝑖𝑓𝑓 ∗
𝑗𝑗 (𝑣𝑣𝑖𝑖) represents the fixed investment costs with leasing computing facilities located in

foreign countries.

The optimal pricing strategy for supplying intermediate inputs is

𝑝𝑝ℎ
𝑖𝑖𝑖𝑖 =

𝑟𝑟𝑖𝑖𝑖𝑖
𝑚𝑚
, 𝑝𝑝𝑓𝑓

𝑗𝑗𝑗𝑗 =
𝑟𝑟𝑖𝑖𝑖𝑖

(1 − 𝜏𝜏𝑗𝑗)𝑚𝑚
∀ 𝑗𝑗 ≠ 𝑖𝑖 (10)

where 𝑝𝑝ℎ
𝑖𝑖𝑖𝑖 is set by markup over marginal cost, while 𝑝𝑝𝑓𝑓

𝑖𝑖𝑖𝑖 is set by markup over marginal cost

and adjusted by 1/(1−𝜏𝜏𝑗𝑗). This indicates that intermediate input producers do not set identical

prices for domestic and foreign markets. From equation (10), it is clear that the producer sets

a higher price for foreign markets than for domestic ones. This price discrimination arises

due to the NTBs imposed by foreign countries. The ex-post monopoly rent is given by: 𝜋𝜋𝑥𝑥
𝑖𝑖𝑖𝑖 =

1−𝑚𝑚
𝑚𝑚 𝑟𝑟𝑖𝑖𝑖𝑖(ℎ𝑖𝑖𝑖𝑖 + ∑𝑁𝑁+1

𝑗𝑗≠𝑖𝑖 𝑓𝑓 ∗
𝑗𝑗𝑗𝑗).

For later reference, we define aggregated capital 𝑘𝑘𝑖𝑖𝑖𝑖 as the total sum of fixed investment

costs for country 𝑖𝑖 and at time 𝑡𝑡: 𝑘𝑘𝑖𝑖𝑖𝑖 ≡ ∫ 𝐴𝐴𝑖𝑖𝑖𝑖
0 ℎ𝑖𝑖𝑖𝑖(𝑣𝑣𝑖𝑖)𝑑𝑑𝑑𝑑𝑖𝑖 +∑𝑁𝑁+1

𝑗𝑗≠𝑖𝑖 ∫ 𝐴𝐴𝑗𝑗𝑗𝑗
0 𝑓𝑓𝑗𝑗𝑗𝑗(𝑣𝑣𝑗𝑗 )𝑑𝑑𝑑𝑑𝑗𝑗 . This concludes the

description of the trade and growth model with cross-border data flows and privacy.

2.5 Equilibrium

To simplify the analysis, this paper assumes all countries are identical in every respect. From

this point onward, I will drop the country and time notation. In equilibrium, interest rates are

equalized across countries due to the free trade in final goods. This section determines the

decentralized market prices that ensure market clearing in the dynamic competitive equilib-

rium.

Aggregate capital is given by 𝑘𝑘 = 𝐴𝐴𝐴[1 + (1 − 𝜏𝜏) 1
1−𝑚𝑚 ] due to the symmetry across coun-

tries. Equation (10) shows the relationship between domestic demand and foreign demand for

14

foreign producers in country 𝑗𝑗 receive for their exports.

The first-order condition with respect to labor is

𝑤𝑤𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑦𝑦𝑖𝑖𝑖𝑖
𝑙𝑙𝑦𝑦𝑖𝑖𝑖𝑖
, (8)

where the labor income 𝑤𝑤𝑖𝑖𝑖𝑖𝑙𝑙𝑦𝑦𝑖𝑖𝑖𝑖 represents the 𝛼𝛼 fraction of final output in equilibrium.

The first-order conditions with respect to the intermediate input ℎ𝑖𝑖𝑖𝑖 from country 𝑖𝑖 and 𝑓𝑓𝑗𝑗𝑗𝑗

from country 𝑗𝑗 (for all 𝑗𝑗 ≠ 𝑖𝑖) are

𝑝𝑝ℎ
𝑖𝑖𝑖𝑖 = (1 − 𝛼𝛼) 𝑦𝑦𝑖𝑖𝑖𝑖

𝑋𝑋𝑖𝑖𝑖𝑖

𝜕𝜕𝜕𝜕𝑖𝑖𝑖𝑖

𝜕𝜕𝜕𝑖𝑖𝑖𝑖
, 𝑝𝑝𝑓𝑓

𝑗𝑗𝑗𝑗 = (1 − 𝛼𝛼) 𝑦𝑦𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖𝑖𝑖

𝜕𝜕𝜕𝜕𝑖𝑖𝑖𝑖

𝜕𝜕𝜕𝜕𝑗𝑗𝑗𝑗
, ∀ 𝑗𝑗 ≠ 𝑖𝑖 (9)

Using equations (9), we derive the demand for ℎ𝑖𝑖𝑖𝑖(𝑣𝑣𝑖𝑖) and 𝑓𝑓𝑗𝑗𝑗𝑗(𝑣𝑣𝑗𝑗 ):

ℎ𝑖𝑖𝑖𝑖 = [𝑝𝑝ℎ
𝑖𝑖𝑖𝑖]−

1
1−𝑚𝑚 [𝑃𝑃𝑖𝑖𝑖𝑖]

1
1−𝑚𝑚𝑋𝑋𝑖𝑖𝑖𝑖 , 𝑓𝑓𝑗𝑗𝑗𝑗 = [𝑝𝑝𝑓𝑓

𝑗𝑗𝑗𝑗]−
1

1−𝑚𝑚 [𝑃𝑃𝑖𝑖𝑖𝑖]
1

1−𝑚𝑚𝑋𝑋𝑖𝑖𝑖𝑖 , ∀ 𝑗𝑗 ≠ 𝑖𝑖

where 𝑃𝑃𝑖𝑖𝑖𝑖 is the aggregate price for the set of intermediate inputs for country 𝑖𝑖 at time 𝑡𝑡.

Intermediate input sector: To produce one unit of any intermediate input, the producer

must forgo one unit of consumption. In otherwords, we assume one unit of foregone consump-

tion results in the production of one unit of any capital good. Additionally, the intermediate

input producer must contend with non-tariff barriers (NTBs), which include data localization,

technical barriers, local contents requirements and so on.7 The cost of NTBs, 𝜏𝜏, is reflected by

a reduction in revenue earned from selling goods to foreign countries. Formally, the interme-

diate input producer’s maximization problem can be written as:

𝜋𝜋𝑥𝑥
𝑖𝑖𝑖𝑖 = 𝑝𝑝ℎ

𝑖𝑖𝑖𝑖(ℎ𝑖𝑖𝑖𝑖)ℎ𝑖𝑖𝑖𝑖 +
𝑁𝑁+1

∑
𝑗𝑗≠𝑖𝑖

(1 − 𝜏𝜏𝑗𝑗)𝑝𝑝𝑓𝑓
𝑗𝑗𝑗𝑗(𝑓𝑓 ∗

𝑗𝑗𝑗𝑗)𝑓𝑓 ∗
𝑗𝑗𝑗𝑗 − 𝑟𝑟𝑖𝑖𝑖𝑖(ℎ𝑖𝑖𝑖𝑖 +

𝑁𝑁+1

∑
𝑗𝑗≠𝑖𝑖

𝑓𝑓 ∗
𝑗𝑗𝑗𝑗).

7From 1995 to 2022, the WTO TBT Committee recorded 60 Specific Trade Concerns related to digital trade,
with a notable increase in concerns over ICT, telecommunications, and cybersecurity regulations. As of Q3 2023,
WTO members reported 898 new technical regulations, bringing the total number of active regulations to 2,951.
Also note that Romer (1994) interprets 𝜏𝜏 as encompassing tariff and non-tariff barriers to the imports of key inputs
and components, excessive tax rates, restrictions on ownership, domestic content requirements, corruption, and
bureaucratic regulation among others.
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where 𝑓𝑓 ∗
𝑗𝑗 represents the demand of country 𝑗𝑗 . The first term on the right-hand side corre-

sponds to the revenue from the domestic market, the second term is the total revenue gener-

ated from all foreign markets, and the last term is the total fixed investment cost in terms of

consumption (final output). For instance, if variety 𝑣𝑣𝑖𝑖 represents a cloud computing service,

then 𝑟𝑟𝑖𝑖𝑓𝑓 ∗
𝑗𝑗 (𝑣𝑣𝑖𝑖) represents the fixed investment costs with leasing computing facilities located in

foreign countries.

The optimal pricing strategy for supplying intermediate inputs is

𝑝𝑝ℎ
𝑖𝑖𝑖𝑖 =

𝑟𝑟𝑖𝑖𝑖𝑖
𝑚𝑚
, 𝑝𝑝𝑓𝑓

𝑗𝑗𝑗𝑗 =
𝑟𝑟𝑖𝑖𝑖𝑖

(1 − 𝜏𝜏𝑗𝑗)𝑚𝑚
∀ 𝑗𝑗 ≠ 𝑖𝑖 (10)

where 𝑝𝑝ℎ
𝑖𝑖𝑖𝑖 is set by markup over marginal cost, while 𝑝𝑝𝑓𝑓

𝑖𝑖𝑖𝑖 is set by markup over marginal cost

and adjusted by 1/(1−𝜏𝜏𝑗𝑗). This indicates that intermediate input producers do not set identical

prices for domestic and foreign markets. From equation (10), it is clear that the producer sets

a higher price for foreign markets than for domestic ones. This price discrimination arises

due to the NTBs imposed by foreign countries. The ex-post monopoly rent is given by: 𝜋𝜋𝑥𝑥
𝑖𝑖𝑖𝑖 =

1−𝑚𝑚
𝑚𝑚 𝑟𝑟𝑖𝑖𝑖𝑖(ℎ𝑖𝑖𝑖𝑖 + ∑𝑁𝑁+1

𝑗𝑗≠𝑖𝑖 𝑓𝑓 ∗
𝑗𝑗𝑗𝑗).

For later reference, we define aggregated capital 𝑘𝑘𝑖𝑖𝑖𝑖 as the total sum of fixed investment

costs for country 𝑖𝑖 and at time 𝑡𝑡: 𝑘𝑘𝑖𝑖𝑖𝑖 ≡ ∫ 𝐴𝐴𝑖𝑖𝑖𝑖
0 ℎ𝑖𝑖𝑖𝑖(𝑣𝑣𝑖𝑖)𝑑𝑑𝑑𝑑𝑖𝑖 +∑𝑁𝑁+1

𝑗𝑗≠𝑖𝑖 ∫ 𝐴𝐴𝑗𝑗𝑗𝑗
0 𝑓𝑓𝑗𝑗𝑗𝑗(𝑣𝑣𝑗𝑗 )𝑑𝑑𝑑𝑑𝑗𝑗 . This concludes the

description of the trade and growth model with cross-border data flows and privacy.

2.5 Equilibrium

To simplify the analysis, this paper assumes all countries are identical in every respect. From

this point onward, I will drop the country and time notation. In equilibrium, interest rates are

equalized across countries due to the free trade in final goods. This section determines the

decentralized market prices that ensure market clearing in the dynamic competitive equilib-

rium.

Aggregate capital is given by 𝑘𝑘 = 𝐴𝐴𝐴[1 + (1 − 𝜏𝜏) 1
1−𝑚𝑚 ] due to the symmetry across coun-

tries. Equation (10) shows the relationship between domestic demand and foreign demand for
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intermediate input:

𝑓𝑓 = (1 − 𝜏𝜏) 1
1−𝑚𝑚 ℎ.

This relationship indicates that foreign demand for a variety decreases as the cost 𝜏𝜏 of NTBs

to exports increases. When 𝜏𝜏 = 0, home and foreign demand are equal. When 𝜏𝜏 = 1, foreign

demand is zero.

By using the first order condition (9) for final output producer and the optimal pricing

strategy (10) for the intermediate input producer, we can derive the equilibriummarket interest

𝑟𝑟 .

𝑟𝑟 = (1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)𝑦𝑦
𝑘𝑘

(11)

where 𝛽𝛽(𝜏𝜏) = 1+(1−𝜏𝜏)
1

1−𝑚𝑚

1+(1−𝜏𝜏)
𝑚𝑚

1−𝑚𝑚
is a convex function of 𝜏𝜏 over the interval [0, 1], with 𝛽𝛽(0) = 1 and

𝛽𝛽(1) = 1.

Using the equilibrium interest rate (11), the ex-post profits 𝜋𝜋𝑥𝑥 are given by

𝜋𝜋𝑥𝑥 = (1 − 𝛼𝛼)(1 − 𝑚𝑚)𝛽𝛽(𝜏𝜏) 𝑦𝑦
𝐴𝐴

(12)

Note here that the ex-post monopoly rent reaches the maximum value at 𝜏𝜏 = 0 or 𝜏𝜏 = 1 ceteris

paribus.

The value of a new blueprint in the data-driven R&D sector, 𝑝𝑝𝐴𝐴, is determined by equating

the price of a new blueprint in knowledge production to the expected present-value profit in

intermediate input production:

𝑝𝑝𝐴𝐴 = 𝛼𝛼𝛼𝛼
𝑙𝑙𝑦𝑦 [

𝑘𝑘
𝜃𝜃𝜃𝜃𝜃𝜃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 ]. (13)

Data-driven knowledge production (5), the equilibrium interest rate (11), ex-post profit

(12), and the value of a new blueprint (13) together describe the dynamics of the value of a

blueprint (we use the relationship 𝑟𝑟𝑟𝑟𝐴𝐴 = 𝜋𝜋𝑥𝑥 + 𝑝̇𝑝𝐴𝐴):

𝑝̇𝑝𝐴𝐴

𝑝𝑝𝐴𝐴 = (1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)𝑦𝑦
𝑘𝑘
− (1 − 𝛼𝛼)(1 − 𝑚𝑚)(1 − 𝑙𝑙𝐴𝐴)

𝛼𝛼𝛼𝛼𝐴𝐴
𝐴̇𝐴
𝐴𝐴
. (14)
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intermediate input:

𝑓𝑓 = (1 − 𝜏𝜏) 1
1−𝑚𝑚 ℎ.

This relationship indicates that foreign demand for a variety decreases as the cost 𝜏𝜏 of NTBs

to exports increases. When 𝜏𝜏 = 0, home and foreign demand are equal. When 𝜏𝜏 = 1, foreign

demand is zero.

By using the first order condition (9) for final output producer and the optimal pricing

strategy (10) for the intermediate input producer, we can derive the equilibriummarket interest

𝑟𝑟 .

𝑟𝑟 = (1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)𝑦𝑦
𝑘𝑘

(11)

where 𝛽𝛽(𝜏𝜏) = 1+(1−𝜏𝜏)
1

1−𝑚𝑚

1+(1−𝜏𝜏)
𝑚𝑚

1−𝑚𝑚
is a convex function of 𝜏𝜏 over the interval [0, 1], with 𝛽𝛽(0) = 1 and

𝛽𝛽(1) = 1.

Using the equilibrium interest rate (11), the ex-post profits 𝜋𝜋𝑥𝑥 are given by

𝜋𝜋𝑥𝑥 = (1 − 𝛼𝛼)(1 − 𝑚𝑚)𝛽𝛽(𝜏𝜏) 𝑦𝑦
𝐴𝐴

(12)

Note here that the ex-post monopoly rent reaches the maximum value at 𝜏𝜏 = 0 or 𝜏𝜏 = 1 ceteris

paribus.

The value of a new blueprint in the data-driven R&D sector, 𝑝𝑝𝐴𝐴, is determined by equating

the price of a new blueprint in knowledge production to the expected present-value profit in

intermediate input production:

𝑝𝑝𝐴𝐴 = 𝛼𝛼𝛼𝛼
𝑙𝑙𝑦𝑦 [

𝑘𝑘
𝜃𝜃𝜃𝜃𝜃𝜃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 ]. (13)

Data-driven knowledge production (5), the equilibrium interest rate (11), ex-post profit

(12), and the value of a new blueprint (13) together describe the dynamics of the value of a

blueprint (we use the relationship 𝑟𝑟𝑟𝑟𝐴𝐴 = 𝜋𝜋𝑥𝑥 + 𝑝̇𝑝𝐴𝐴):

𝑝̇𝑝𝐴𝐴

𝑝𝑝𝐴𝐴 = (1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)𝑦𝑦
𝑘𝑘
− (1 − 𝛼𝛼)(1 − 𝑚𝑚)(1 − 𝑙𝑙𝐴𝐴)

𝛼𝛼𝛼𝛼𝐴𝐴
𝐴̇𝐴
𝐴𝐴
. (14)
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The consumer’s financial wealth is defined 𝑎𝑎 = 𝑘𝑘+𝑝𝑝𝐴𝐴𝐴𝐴, consisting of aggregate capital and

the value of the blueprint. An instantaneous increase in financial wealth, 𝑎̇𝑎, is 𝑘̇𝑘+𝑝̇𝑝𝐴𝐴𝐴𝐴+𝑝𝑝𝐴𝐴𝐴̇𝐴. In

the equilibrium, labor income𝑤𝑤𝑤𝑤 is 𝛼𝛼 fraction of final output. Interest income 𝑟𝑟𝑟𝑟 is (1−𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)

fraction of final output. Aggregated monopoly rents 𝐴𝐴𝐴𝐴𝑥𝑥 are (1 − 𝛼𝛼)(1 − 𝑚𝑚)𝛽𝛽(𝜏𝜏) fraction of

final output. The initial fixed investment 𝑤𝑤𝑤𝑤𝐴𝐴 (sunk cost) is equal to 𝑝𝑝𝐴𝐴
𝑖𝑖𝑖𝑖 𝐴̇𝐴𝑖𝑖𝑖𝑖 .

In equilibrium, the consumer’s budget constraint becomes:

𝑘̇𝑘 = [𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦𝑦 − 𝑐𝑐 (15)

Recall that NTBs incur pure costs in this paper. In the presence of NTBs, resources amounting

(1 − 𝛼𝛼)[1 − 𝛽𝛽(𝜏𝜏)]𝑦𝑦 are dissipated. However, no real output is dissipated when 𝜏𝜏 = 0 or 𝜏𝜏 = 1.

Before describing the dynamic competitive equilibrium in the trade and growth model

with digital data, we first summarize the fundamental parameters {𝜇𝜇, 𝜙𝜙, 𝛿𝛿, 𝜏𝜏, 𝜎𝜎, 𝛼𝛼, 𝑚𝑚, 𝜃𝜃, 𝑁𝑁 ,

𝑁𝑁𝑎𝑎}. These parameters provide a concise presentation of key economic factors: (Digital data)

the intensity of digital data formation 𝜇𝜇, the degree of accessibility to foreign digital data 𝜙𝜙,

the depreciation rate of digital data 𝛿𝛿, (Barriers) the cost of NTBs such as data localization to

exporter 𝜏𝜏, (Utility) the inverse of intertemporal substitution 𝜎𝜎, (Technology) labor share of

final good 𝛼𝛼, the constant elasticity of substitution between intermediate inputs 1/(1−𝑚𝑚), the

productivity of data-driven R&D production 𝜃𝜃, (Multi-country) the number of trading partners

𝑁𝑁 and the degree of knowledge spillovers 𝑁𝑁𝑎𝑎.

Dynamic equilibrium: The dynamic competitive equilibrium of the world economy is

characterized by the evolution of digital data, consumption, capital, R&D labor, and technol-

ogy {𝑥𝑥 , 𝑐𝑐, 𝑘𝑘, 𝑙𝑙𝐴𝐴, 𝐴𝐴} such that (i) consumers, final good and intermediate input producers, and

innovators optimize their economic objectives subject to relevant constraints, (ii) all markets

clear at decentralized prices, and (iii) the transversality conditions are satisfied, given the ini-

tial endowments of financial assets and digital data.

Given the fundamental parameters and the initial stocks of digital data and capital, the

system of dynamic equilibrium allocations - including digital data, consumption, capital, re-
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The consumer’s financial wealth is defined 𝑎𝑎 = 𝑘𝑘+𝑝𝑝𝐴𝐴𝐴𝐴, consisting of aggregate capital and

the value of the blueprint. An instantaneous increase in financial wealth, 𝑎̇𝑎, is 𝑘̇𝑘+𝑝̇𝑝𝐴𝐴𝐴𝐴+𝑝𝑝𝐴𝐴𝐴̇𝐴. In

the equilibrium, labor income𝑤𝑤𝑤𝑤 is 𝛼𝛼 fraction of final output. Interest income 𝑟𝑟𝑟𝑟 is (1−𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)

fraction of final output. Aggregated monopoly rents 𝐴𝐴𝐴𝐴𝑥𝑥 are (1 − 𝛼𝛼)(1 − 𝑚𝑚)𝛽𝛽(𝜏𝜏) fraction of

final output. The initial fixed investment 𝑤𝑤𝑤𝑤𝐴𝐴 (sunk cost) is equal to 𝑝𝑝𝐴𝐴
𝑖𝑖𝑖𝑖 𝐴̇𝐴𝑖𝑖𝑖𝑖 .

In equilibrium, the consumer’s budget constraint becomes:

𝑘̇𝑘 = [𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦𝑦 − 𝑐𝑐 (15)

Recall that NTBs incur pure costs in this paper. In the presence of NTBs, resources amounting

(1 − 𝛼𝛼)[1 − 𝛽𝛽(𝜏𝜏)]𝑦𝑦 are dissipated. However, no real output is dissipated when 𝜏𝜏 = 0 or 𝜏𝜏 = 1.

Before describing the dynamic competitive equilibrium in the trade and growth model

with digital data, we first summarize the fundamental parameters {𝜇𝜇, 𝜙𝜙, 𝛿𝛿, 𝜏𝜏, 𝜎𝜎, 𝛼𝛼, 𝑚𝑚, 𝜃𝜃, 𝑁𝑁 ,

𝑁𝑁𝑎𝑎}. These parameters provide a concise presentation of key economic factors: (Digital data)

the intensity of digital data formation 𝜇𝜇, the degree of accessibility to foreign digital data 𝜙𝜙,

the depreciation rate of digital data 𝛿𝛿, (Barriers) the cost of NTBs such as data localization to

exporter 𝜏𝜏, (Utility) the inverse of intertemporal substitution 𝜎𝜎, (Technology) labor share of

final good 𝛼𝛼, the constant elasticity of substitution between intermediate inputs 1/(1−𝑚𝑚), the

productivity of data-driven R&D production 𝜃𝜃, (Multi-country) the number of trading partners

𝑁𝑁 and the degree of knowledge spillovers 𝑁𝑁𝑎𝑎.

Dynamic equilibrium: The dynamic competitive equilibrium of the world economy is

characterized by the evolution of digital data, consumption, capital, R&D labor, and technol-

ogy {𝑥𝑥 , 𝑐𝑐, 𝑘𝑘, 𝑙𝑙𝐴𝐴, 𝐴𝐴} such that (i) consumers, final good and intermediate input producers, and

innovators optimize their economic objectives subject to relevant constraints, (ii) all markets

clear at decentralized prices, and (iii) the transversality conditions are satisfied, given the ini-
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Given the fundamental parameters and the initial stocks of digital data and capital, the

system of dynamic equilibrium allocations - including digital data, consumption, capital, re-
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searchers, and technology {𝑥𝑥 , 𝑐𝑐, 𝑘𝑘, 𝑙𝑙𝐴𝐴, 𝐴𝐴} - can be expressed as follows:

The evolution of digital data is from equation (1)

𝑥̇𝑥
𝑥𝑥
= 𝜇𝜇(1 + 𝜙𝜙𝜙𝜙) 𝑐𝑐

𝑥𝑥
− 𝛿𝛿 (16)

The dynamics of consumption is from equation (4)

𝑐̇𝑐
𝑐𝑐
= 1

𝜎𝜎[
(1 − 𝛼𝛼)𝑚𝑚𝑦𝑦

𝑘𝑘
− 𝜌𝜌] + 𝛾𝛾(1 −

1
𝜎𝜎)[

𝜇𝜇(1 + 𝜙𝜙𝜙𝜙) 𝑐𝑐
𝑥𝑥
− 𝛿𝛿] (17)

The economy-wide resource constraint is from equation (15)

𝑘̇𝑘
𝑘𝑘
= [𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦𝑦

𝑘𝑘
− 𝑐𝑐
𝑘𝑘

(18)

The dynamics of researchers is from equations (13)-(14)

𝑙̇𝑙𝐴𝐴

𝑙𝑙𝐴𝐴
= 1 − 𝑙𝑙𝐴𝐴

(1 − 𝛼𝛼)𝑙𝑙𝐴𝐴

{
(1 − 𝛼𝛼)𝑚𝑚𝑦𝑦

𝑘𝑘
+ [𝜇𝜇(1 + 𝜙𝜙𝜙𝜙) 𝑐𝑐

𝑥𝑥
− 𝛿𝛿] − (2 − 𝛼𝛼) [[𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦𝑦

𝑘𝑘
− 𝑐𝑐
𝑘𝑘]

− [
(1 − 𝛼𝛼)(1 − 𝑚𝑚)(1 − 𝑙𝑙𝐴𝐴)

𝛼𝛼𝛼𝛼𝐴𝐴
+ (1 − 𝛼𝛼)(1 − 𝑚𝑚)

𝑚𝑚
− 1] 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)

𝑥𝑥
𝑘𝑘
𝑙𝑙𝐴𝐴
}

(19)

The dynamics of final output is from equation (7)

𝑦̇𝑦
𝑦𝑦
= (1 − 𝛼𝛼)([𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦𝑦

𝑘𝑘
− 𝑐𝑐
𝑘𝑘)

+ (1 − 𝛼𝛼)(1 − 𝑚𝑚)
𝑚𝑚 [𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)

𝑥𝑥
𝑘𝑘
𝑙𝑙𝐴𝐴] − 𝛼𝛼 𝑙̇𝑙

𝐴𝐴

𝑙𝑙𝐴𝐴
(20)

The dynamics of data-driven R&D production is from equation (5)

𝐴̇𝐴
𝐴𝐴

= 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)
𝑥𝑥
𝑘𝑘
𝑙𝑙𝐴𝐴 (21)

where 𝑁𝑁𝑎𝑎 ∈ [0, 𝑁𝑁 ] represent the degree of knowledge spillovers. The global knowledge stock

𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 , at any time 𝑡𝑡, is defined as the total knowledge stock generated across all countries. If

all knowledge produced is unique, 𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 reaches (1 + 𝑁𝑁)𝐴𝐴 in a symmetric world, where 𝑁𝑁
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searchers, and technology {𝑥𝑥 , 𝑐𝑐, 𝑘𝑘, 𝑙𝑙𝐴𝐴, 𝐴𝐴} - can be expressed as follows:

The evolution of digital data is from equation (1)

𝑥̇𝑥
𝑥𝑥
= 𝜇𝜇(1 + 𝜙𝜙𝜙𝜙) 𝑐𝑐

𝑥𝑥
− 𝛿𝛿 (16)

The dynamics of consumption is from equation (4)

𝑐̇𝑐
𝑐𝑐
= 1

𝜎𝜎[
(1 − 𝛼𝛼)𝑚𝑚𝑦𝑦

𝑘𝑘
− 𝜌𝜌] + 𝛾𝛾(1 −

1
𝜎𝜎)[

𝜇𝜇(1 + 𝜙𝜙𝜙𝜙) 𝑐𝑐
𝑥𝑥
− 𝛿𝛿] (17)

The economy-wide resource constraint is from equation (15)

𝑘̇𝑘
𝑘𝑘
= [𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦𝑦

𝑘𝑘
− 𝑐𝑐
𝑘𝑘

(18)

The dynamics of researchers is from equations (13)-(14)

𝑙̇𝑙𝐴𝐴

𝑙𝑙𝐴𝐴
= 1 − 𝑙𝑙𝐴𝐴

(1 − 𝛼𝛼)𝑙𝑙𝐴𝐴

{
(1 − 𝛼𝛼)𝑚𝑚𝑦𝑦

𝑘𝑘
+ [𝜇𝜇(1 + 𝜙𝜙𝜙𝜙) 𝑐𝑐

𝑥𝑥
− 𝛿𝛿] − (2 − 𝛼𝛼) [[𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦𝑦

𝑘𝑘
− 𝑐𝑐
𝑘𝑘]

− [
(1 − 𝛼𝛼)(1 − 𝑚𝑚)(1 − 𝑙𝑙𝐴𝐴)

𝛼𝛼𝛼𝛼𝐴𝐴
+ (1 − 𝛼𝛼)(1 − 𝑚𝑚)

𝑚𝑚
− 1] 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)

𝑥𝑥
𝑘𝑘
𝑙𝑙𝐴𝐴
}

(19)

The dynamics of final output is from equation (7)

𝑦̇𝑦
𝑦𝑦
= (1 − 𝛼𝛼)([𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦𝑦

𝑘𝑘
− 𝑐𝑐
𝑘𝑘)

+ (1 − 𝛼𝛼)(1 − 𝑚𝑚)
𝑚𝑚 [𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)

𝑥𝑥
𝑘𝑘
𝑙𝑙𝐴𝐴] − 𝛼𝛼 𝑙̇𝑙

𝐴𝐴

𝑙𝑙𝐴𝐴
(20)

The dynamics of data-driven R&D production is from equation (5)

𝐴̇𝐴
𝐴𝐴

= 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)
𝑥𝑥
𝑘𝑘
𝑙𝑙𝐴𝐴 (21)

where 𝑁𝑁𝑎𝑎 ∈ [0, 𝑁𝑁 ] represent the degree of knowledge spillovers. The global knowledge stock

𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 , at any time 𝑡𝑡, is defined as the total knowledge stock generated across all countries. If

all knowledge produced is unique, 𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 reaches (1 + 𝑁𝑁)𝐴𝐴 in a symmetric world, where 𝑁𝑁
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is the number of trading partners. Conversely, if all knowledge generated is identical across

countries, 𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 equals 𝐴𝐴. Thus, the global knowledge stock varies between 𝐴𝐴 to (1 + 𝑁𝑁)𝐴𝐴,

depending on the degree of knowledge redundancy. In particular, 𝑁𝑁𝑎𝑎 = 0 indicates complete

redundancy of digital data. Equations (16)-(21) complete the dynamic competitive equilibrium.

2.5.1 Economic growth

To further analyze the system of dynamic equations (16)-(21), we introduce new variables:

𝑐𝑐𝑥𝑥 ≡ 𝑐𝑐/𝑥𝑥 , 𝑐𝑐𝑘𝑘 ≡ 𝑐𝑐/𝑘𝑘, and 𝑦𝑦𝑘𝑘 ≡ 𝑦𝑦/𝑘𝑘. Next, we consider stationary allocations {𝑐̄𝑐𝑥𝑥 , 𝑐̄𝑐𝑘𝑘, 𝑦̄𝑦𝑘𝑘, 𝑙𝑙𝐴𝐴, 𝑔̄𝑔𝐴𝐴}

of the dynamic equations above by imposing 𝑐̇𝑐𝑥𝑥/𝑐𝑐𝑥𝑥 = 0, 𝑐̇𝑐𝑘𝑘/𝑐𝑐𝑘𝑘 = 0, 𝑦̇𝑦𝑘𝑘/𝑦𝑦𝑘𝑘 = 0, and no change

in the number of researchers 𝑙𝑙𝐴𝐴 and constant technology growth 𝑔̄𝑔𝐴𝐴. The equilibrium vari-

ables in the trade and growth model with idea spillovers and data flows between symmetric

countries are fully determined by solving for final good per capital, 𝑦̄𝑦𝑘𝑘. After some algebraic

manipulation, the exact solution for 𝑦̄𝑦𝑘𝑘 is obtained. In the system of dynamic equations (16)-

(21), a unique trade and growth equilibrium exists, where the balanced growth path’s growth

rate 𝑔̄𝑔∗ is determined by the following equation (see the Appendix A1.1):

𝑔̄𝑔∗ = Ψ 𝜁𝜁2
2𝜁𝜁0

− 𝜌𝜌
2(𝜁𝜁0 + 𝜁𝜁1)

− 𝛿𝛿
2

+ 1
𝜁𝜁0

√{
1
2(

Ψ𝜁𝜁2 + 𝜌𝜌𝜁𝜁0 + 2𝜁𝜁1
𝜁𝜁0 + 𝜁𝜁1

− 𝛿𝛿𝛿𝛿0)

}2

+ 𝜌𝜌Ψ𝜁𝜁𝑜𝑜(1 − 𝛼𝛼)(1 − 𝑚𝑚)𝛽𝛽(𝜏𝜏)/𝛼𝛼 − 𝜁𝜁1(𝜌𝜌 − 𝛿𝛿𝛿𝛿0)
𝜁𝜁𝑜𝑜 + 𝜁𝜁1

(22)

where 𝜁𝜁0 = 𝜎𝜎 + 𝛾𝛾(1 − 𝜎𝜎), 𝜁𝜁1 = 𝛼𝛼𝛼𝛼−(1−𝛼𝛼)(1−𝑚𝑚)[1−𝛽𝛽(𝜏𝜏)𝑚𝑚]
(1−𝛼𝛼)(1−𝑚𝑚) , 𝜁𝜁2 =

(1−𝛼𝛼)(1−𝑚𝑚)𝜁𝜁0[(𝛽𝛽(𝜏𝜏)+ 𝛼𝛼
(1−𝛼𝛼)𝑚𝑚)𝜁𝜁0−𝛽𝛽(𝜏𝜏)]

𝛼𝛼(𝜁𝜁0+𝜁𝜁1) and

Ψ = 𝜇𝜇𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)(1 + 𝑁𝑁𝑎𝑎).

The explicit solution facilitates comparative statics across different parameter sets, allow-

ing key insights to be derived from equation (22). The following corollary summarize the

results:
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is the number of trading partners. Conversely, if all knowledge generated is identical across
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depending on the degree of knowledge redundancy. In particular, 𝑁𝑁𝑎𝑎 = 0 indicates complete

redundancy of digital data. Equations (16)-(21) complete the dynamic competitive equilibrium.

2.5.1 Economic growth

To further analyze the system of dynamic equations (16)-(21), we introduce new variables:
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of the dynamic equations above by imposing 𝑐̇𝑐𝑥𝑥/𝑐𝑐𝑥𝑥 = 0, 𝑐̇𝑐𝑘𝑘/𝑐𝑐𝑘𝑘 = 0, 𝑦̇𝑦𝑘𝑘/𝑦𝑦𝑘𝑘 = 0, and no change

in the number of researchers 𝑙𝑙𝐴𝐴 and constant technology growth 𝑔̄𝑔𝐴𝐴. The equilibrium vari-

ables in the trade and growth model with idea spillovers and data flows between symmetric

countries are fully determined by solving for final good per capital, 𝑦̄𝑦𝑘𝑘. After some algebraic

manipulation, the exact solution for 𝑦̄𝑦𝑘𝑘 is obtained. In the system of dynamic equations (16)-

(21), a unique trade and growth equilibrium exists, where the balanced growth path’s growth

rate 𝑔̄𝑔∗ is determined by the following equation (see the Appendix A1.1):

𝑔̄𝑔∗ = Ψ 𝜁𝜁2
2𝜁𝜁0

− 𝜌𝜌
2(𝜁𝜁0 + 𝜁𝜁1)

− 𝛿𝛿
2

+ 1
𝜁𝜁0

√{
1
2(

Ψ𝜁𝜁2 + 𝜌𝜌𝜁𝜁0 + 2𝜁𝜁1
𝜁𝜁0 + 𝜁𝜁1

− 𝛿𝛿𝛿𝛿0)

}2

+ 𝜌𝜌Ψ𝜁𝜁𝑜𝑜(1 − 𝛼𝛼)(1 − 𝑚𝑚)𝛽𝛽(𝜏𝜏)/𝛼𝛼 − 𝜁𝜁1(𝜌𝜌 − 𝛿𝛿𝛿𝛿0)
𝜁𝜁𝑜𝑜 + 𝜁𝜁1

(22)

where 𝜁𝜁0 = 𝜎𝜎 + 𝛾𝛾(1 − 𝜎𝜎), 𝜁𝜁1 = 𝛼𝛼𝛼𝛼−(1−𝛼𝛼)(1−𝑚𝑚)[1−𝛽𝛽(𝜏𝜏)𝑚𝑚]
(1−𝛼𝛼)(1−𝑚𝑚) , 𝜁𝜁2 =

(1−𝛼𝛼)(1−𝑚𝑚)𝜁𝜁0[(𝛽𝛽(𝜏𝜏)+ 𝛼𝛼
(1−𝛼𝛼)𝑚𝑚)𝜁𝜁0−𝛽𝛽(𝜏𝜏)]

𝛼𝛼(𝜁𝜁0+𝜁𝜁1) and

Ψ = 𝜇𝜇𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)(1 + 𝑁𝑁𝑎𝑎).

The explicit solution facilitates comparative statics across different parameter sets, allow-

ing key insights to be derived from equation (22). The following corollary summarize the

results:
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Corollary. Under the data-driven R&D production,

𝜕𝜕 𝜕𝜕𝜕∗

𝜕𝜕𝜕𝜕
> 0, 𝜕𝜕 𝜕𝜕𝜕∗

𝜕𝜕𝜕𝜕
> 0, 𝜕𝜕 𝜕𝜕𝜕∗

𝜕𝜕𝜕𝜕𝑎𝑎
> 0

Proof. This follows directly from equation (22).

The corollary, based on mathematical results, indicates that increased cross-border data ac-

cessibility, a larger number of trading partners, along with stronger knowledge spillovers, all

contribute to a higher growth rate. This allows for deeper insights into the model.

Autarky growth rate: The autarky growth rate, ̄𝑔𝑔𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 , is determined by assuming the

absence of cross-border data accessibility (𝜙𝜙 = 0), no trading partners (𝑁𝑁 = 0), and complete

redundancy (𝑁𝑁𝑎𝑎 = 0). Under these conditions, ̄𝑔𝑔𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 is obtained by substituting Ψ with

Ψ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝜇𝜇𝜇𝜇 in equation (22).

Impact of trade liberalization: opening trade alone has no effect on economic growth

when 𝜙𝜙 = 0 and 𝑁𝑁 increases from 0 to 1. In this case, trade occurs without knowledge

spillovers or data flows, leaving the growth rate unchanged. This result follows from the fact

that the dynamic equations (16)-(21) remain unaffected. In this framework, trade liberalization

generates only a level effect rather than influencing long-term growth.

Role of cross-border data flows: When countries are allowed to collect digital data from

one another (𝜙𝜙𝜙  0), economic growth is enhanced. Specifically, if the number of trading

partner, 𝑁𝑁 , increases from 0 to 1, trade opens, and in the absence of knowledge spillovers,

cross-border data flows drive growth. The growth rate under data openness, ̄𝑔𝑔𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑, is obtained

by replacing Ψ with Ψ𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝜇𝜇𝜇𝜇(1+𝜙𝜙) in equation (22). Since Ψ𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 > Ψ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 , the growth rate

with data flows always exceeds the one without them.

This outcome stems from the dual role of digital data examined in this paper: first, as a

source of privacy concerns, and second, as an additional input driving economic growth. If

digital data serves only as a source of privacy concerns, it would affect individual welfare but

not the growth rate (see Appendix A2 for an analysis of data’s single role). Without knowledge

spillovers, a greater variety of goods reduces the cost of creating new ones. Extending this idea,
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Corollary. Under the data-driven R&D production,

𝜕𝜕 𝜕𝜕𝜕∗

𝜕𝜕𝜕𝜕
> 0, 𝜕𝜕 𝜕𝜕𝜕∗

𝜕𝜕𝜕𝜕
> 0, 𝜕𝜕 𝜕𝜕𝜕∗

𝜕𝜕𝜕𝜕𝑎𝑎
> 0

Proof. This follows directly from equation (22).

The corollary, based on mathematical results, indicates that increased cross-border data ac-

cessibility, a larger number of trading partners, along with stronger knowledge spillovers, all
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by replacing Ψ with Ψ𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝜇𝜇𝜇𝜇(1+𝜙𝜙) in equation (22). Since Ψ𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 > Ψ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 , the growth rate

with data flows always exceeds the one without them.

This outcome stems from the dual role of digital data examined in this paper: first, as a

source of privacy concerns, and second, as an additional input driving economic growth. If

digital data serves only as a source of privacy concerns, it would affect individual welfare but

not the growth rate (see Appendix A2 for an analysis of data’s single role). Without knowledge

spillovers, a greater variety of goods reduces the cost of creating new ones. Extending this idea,
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data similarly lowers the cost of developing new product varieties.

Effect of changes in data accessibility: In an open economy where 𝜙𝜙 𝜙 0, further

increasing data accessibility (𝜙𝜙 ↑) leads to sustained higher growth rates. Conversely, tighter

restrictions on data flows (𝜙𝜙 ↓) slow growth.

Effect of more trading partners: An increase in the number of trading partners (𝑁𝑁 ↑)

also fosters higher economic growth, with Ψ𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑑𝑑 = 𝜇𝜇𝜇𝜇(1 + 𝜙𝜙𝜙𝜙). This outcome reflects a

network effect driven by expanded data flows. However, a key caveat is that newly trading

partners must grant foreign data access at a level of 𝜙𝜙 to all other countries for this effect to

materialize.

Amplification by knowledge spillovers: The effects of trade liberalization, data acces-

sibility, and increased trading partners are further amplified by knowledge spillovers (𝑁𝑁𝑎𝑎 ↑).

This amplification effect aligns with the findings of Rivera-Batiz and Romer (1991ab).

2.5.2 Individual welfare

Beyond its impact on growth, this paper also explores the effects on individual welfare. Both

consumption and digital data grow at the growth rate of 𝑔̄𝑔∗ on the balanced growth path

(BGP). To compare two BGPs, we analyze the preserved value of discounted lifetime utility at

the start of their initial equilibria. Let 𝑡𝑡∗ represent the initial period of the original BGP with

𝑔̄𝑔∗ and 𝑡𝑡∗∗ denote the first period of the post-BGP with 𝑔̄𝑔∗∗, characterized by a different set

of fundamental variables. Using the lifetime utility function and equilibrium results, welfare

changes can be assessed as follows (see the derivation A1.2 in Appendix):

Δ𝑊𝑊 ≡ 𝑈𝑈∗∗

𝑈𝑈∗ − 1 = [(
𝑐̄𝑐(𝑡𝑡∗∗)
𝑐̄𝑐(𝑡𝑡∗) )

1−𝛾𝛾

(
𝑔̄𝑔∗∗ + 𝛿𝛿
𝑔̄𝑔∗ + 𝛿𝛿′ )

𝛾𝛾

(
𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)
𝜇𝜇′(1 + 𝜙𝜙′𝑁𝑁 ′))

𝛾𝛾

]
1−𝜎𝜎 𝜌𝜌 − (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗

𝜌𝜌 − (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗∗ − 1

(23)

where the prime (�) denotes variables of the post-equilibrium state. This measure reflects wel-

fare changes as a geometrically weighted average of the consumption level ratio, the growth

rate ratio, and parameters associated to cross-border data.
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this paper argues that in the absence of knowledge spillovers, a higher per capita volume of

data similarly lowers the cost of developing new product varieties.

Effect of changes in data accessibility: In an open economy where 𝜙𝜙 𝜙 0, further

increasing data accessibility (𝜙𝜙 ↑) leads to sustained higher growth rates. Conversely, tighter

restrictions on data flows (𝜙𝜙 ↓) slow growth.

Effect of more trading partners: An increase in the number of trading partners (𝑁𝑁 ↑)

also fosters higher economic growth, with Ψ𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑑𝑑 = 𝜇𝜇𝜇𝜇(1 + 𝜙𝜙𝜙𝜙). This outcome reflects a

network effect driven by expanded data flows. However, a key caveat is that newly trading

partners must grant foreign data access at a level of 𝜙𝜙 to all other countries for this effect to

materialize.

Amplification by knowledge spillovers: The effects of trade liberalization, data acces-

sibility, and increased trading partners are further amplified by knowledge spillovers (𝑁𝑁𝑎𝑎 ↑).

This amplification effect aligns with the findings of Rivera-Batiz and Romer (1991ab).

2.5.2 Individual welfare

Beyond its impact on growth, this paper also explores the effects on individual welfare. Both

consumption and digital data grow at the growth rate of 𝑔̄𝑔∗ on the balanced growth path

(BGP). To compare two BGPs, we analyze the preserved value of discounted lifetime utility at

the start of their initial equilibria. Let 𝑡𝑡∗ represent the initial period of the original BGP with

𝑔̄𝑔∗ and 𝑡𝑡∗∗ denote the first period of the post-BGP with 𝑔̄𝑔∗∗, characterized by a different set

of fundamental variables. Using the lifetime utility function and equilibrium results, welfare

changes can be assessed as follows (see the derivation A1.2 in Appendix):

Δ𝑊𝑊 ≡ 𝑈𝑈∗∗

𝑈𝑈∗ − 1 = [(
𝑐̄𝑐(𝑡𝑡∗∗)
𝑐̄𝑐(𝑡𝑡∗) )

1−𝛾𝛾

(
𝑔̄𝑔∗∗ + 𝛿𝛿
𝑔̄𝑔∗ + 𝛿𝛿′ )

𝛾𝛾

(
𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)
𝜇𝜇′(1 + 𝜙𝜙′𝑁𝑁 ′))

𝛾𝛾

]
1−𝜎𝜎 𝜌𝜌 − (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗

𝜌𝜌 − (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗∗ − 1

(23)

where the prime (�) denotes variables of the post-equilibrium state. This measure reflects wel-

fare changes as a geometrically weighted average of the consumption level ratio, the growth

rate ratio, and parameters associated to cross-border data.
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One final remark concerns the size of the inverse of intertemporal substitution (𝜎𝜎). It

should be set to align with empirical evidence on the effect of trade liberalization. Our model

shows that opening trade does not alter the growth rate. Specifically, equation (23) shows

Δ𝑊𝑊 = [𝑐̄𝑐(𝑡𝑡∗∗)/𝑐̄𝑐(𝑡𝑡∗)](1−𝛾𝛾)(1−𝜎𝜎) − 1. Opening trade leads to a higher consumption level 𝑐̄𝑐(𝑡𝑡∗∗)

compared to the autarky consumption level 𝑐̄𝑐(𝑡𝑡∗), 𝑐̄𝑐(𝑡𝑡∗∗) > 𝑐̄𝑐(𝑡𝑡∗). To ensure positive gains

from trade liberalization (Δ𝑊𝑊 𝑊 0), the inverse of intertemporal substitution (𝜎𝜎) should be

less than one. This paper employs a constant relative risk aversion (CRRA) utility function,

unlike international trade models with homothetic preferences, such as Krugman (1980) and

Melitz (2003), which use constant elasticity of substitution (CES) utility functions to explain

trade gains. While traditional trade models focus on static long-run equilibria, this analysis

emphasizes the dynamic interaction between economic growth and international trade.

The magnitude of welfare improvement after opening trade diminishes as 𝛾𝛾 increases.

When 𝛾𝛾 reaches one, opening trade has no effect on welfare (Δ𝑊𝑊 = 0). Since the model does

not provide specific information about consumption levels (𝑐̄𝑐(𝑡𝑡∗∗) and 𝑐̄𝑐(𝑡𝑡∗)), it mainly offers

solutions into growth rates along the balanced growth path. To further the analysis, we opt to

use models with 𝜎𝜎 𝜎 1 (ensuring welfare gains from autarky to free trade) and 𝛾𝛾 = 1 (focusing

on welfare changes). The chosen welfare measure is then as follows.

Δ𝑊𝑊 ≡ [(
𝑔̄𝑔∗∗ + 𝛿𝛿
𝑔̄𝑔∗ + 𝛿𝛿′ )(

𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)
𝜇𝜇′(1 + 𝜙𝜙′𝑁𝑁 ′))]

1−𝜎𝜎
− 1 (24)

Simulations play a crucial role in understanding how variations in key parameters influ-

ence growth and welfare. First, the relationship between non-tariff barrier costs and growth

rates remains uncertain. Second, the connection between changes in key parameters and wel-

fare shifts is also unclear. Building on equations (22) and (24), we extend our analysis to ex-

amine the effects of trade integration, encompassing goods, ideas, and data flows.
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from trade liberalization (Δ𝑊𝑊 𝑊 0), the inverse of intertemporal substitution (𝜎𝜎) should be

less than one. This paper employs a constant relative risk aversion (CRRA) utility function,

unlike international trade models with homothetic preferences, such as Krugman (1980) and

Melitz (2003), which use constant elasticity of substitution (CES) utility functions to explain

trade gains. While traditional trade models focus on static long-run equilibria, this analysis

emphasizes the dynamic interaction between economic growth and international trade.

The magnitude of welfare improvement after opening trade diminishes as 𝛾𝛾 increases.

When 𝛾𝛾 reaches one, opening trade has no effect on welfare (Δ𝑊𝑊 = 0). Since the model does

not provide specific information about consumption levels (𝑐̄𝑐(𝑡𝑡∗∗) and 𝑐̄𝑐(𝑡𝑡∗)), it mainly offers

solutions into growth rates along the balanced growth path. To further the analysis, we opt to

use models with 𝜎𝜎 𝜎 1 (ensuring welfare gains from autarky to free trade) and 𝛾𝛾 = 1 (focusing

on welfare changes). The chosen welfare measure is then as follows.

Δ𝑊𝑊 ≡ [(
𝑔̄𝑔∗∗ + 𝛿𝛿
𝑔̄𝑔∗ + 𝛿𝛿′ )(

𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)
𝜇𝜇′(1 + 𝜙𝜙′𝑁𝑁 ′))]

1−𝜎𝜎
− 1 (24)

Simulations play a crucial role in understanding how variations in key parameters influ-

ence growth and welfare. First, the relationship between non-tariff barrier costs and growth

rates remains uncertain. Second, the connection between changes in key parameters and wel-

fare shifts is also unclear. Building on equations (22) and (24), we extend our analysis to ex-

amine the effects of trade integration, encompassing goods, ideas, and data flows.
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.3 Quantitative analysis

This paper explores a broader concept of economic integration, one that takes into account the

impact of data flows across the Internet, connecting personal computers, tablets, the Internet

of Things, and various other electronic devices. We aim to address questions such as: What

would be the effect on economic growth and individual welfare if data flows between countries

were restricted (eased) by data regulation? Can digital trade agreement be designed to promote

economic growth without compromising individual welfare?

With the equations derived above and quantitative analysis, we are now equipped to an-

swer these questions. For simplicity, let us consider a world with two countries: the EU and

the US. These two countries are assumed to be identical in all respects.

3.1 Economic integration

We present a series of thought experiments on partial integration across different scenarios,

emphasizing the distinct dynamics of goods, ideas, and data flows. To isolate these effects, we

assume zero non-tariff barriers.

The autarky equilibrium serves as a baseline in this subsection. The autarky scenariomain-

tains the same structure as described in this paper. In autarky, there is no cross-border data

accessibility (𝜙𝜙 = 0), no trading partners (𝑁𝑁 = 0), complete redundancy (𝑁𝑁𝑎𝑎 = 0), resulting

in minimal growth at 0.04% (see equation 22). As the autarky serves as the baseline, welfare

change (Δ𝑊𝑊 ) is not applicable.

Table 1 summarizes the changes in growth and welfare by examining the transition from

autarky to tradewith different levels of integration. By isolating scenarioswithout idea spillovers

and/or data flows, we can better understand the independent contributions of data flows.

3.1.1 Opening trade

The free trade-only scenario (𝑁𝑁 = 1, 𝑁𝑁𝑎𝑎 = 0, 𝜙𝜙 = 0) represents a standard exercise in inter-

national trade theory. In this case, the EU and the US can trade intermediate inputs, allowing
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Table 1: Autarky to integration: goods, ideas, and data
Growth (𝑔̄𝑔∗) Welfare (Δ𝑊𝑊 )

Autarky equilibrium 0.04% -
𝑁𝑁 = 0, 𝑁𝑁𝑎𝑎 = 0, 𝜙𝜙 = 0

I. Free trade only 0.04% ∗
𝑁𝑁 = 1, 𝑁𝑁𝑎𝑎 = 0, 𝜙𝜙 = 0 (level effect only)

II. Economic integration with free trade
A. Free trade with idea spillovers 0.22% 0.14%

𝑁𝑁 = 1, 𝑁𝑁𝑎𝑎 = 1, 𝜙𝜙 = 0
B. Free trade with data flows 0.09% -12.26%

𝑁𝑁 = 1, 𝑁𝑁𝑎𝑎 = 0, 𝜙𝜙 = 0.3
Remarks: (i) Growth rate is calculated by equation (22) and 𝑊𝑊 is calculated by using the welfare measure from
(24), (ii) Initial parameter values are chosen by 𝜌𝜌 = 0.005, 𝜎𝜎 = 0.5, 𝛾𝛾 = 1, 𝜇𝜇 = 0.05, 𝛼𝛼 = 0.65,𝑚𝑚 = 0.75, 1/𝜃𝜃 = 0.03.
(iii) In general, the welfare measure (23) shows Δ𝑊𝑊 = (𝑐𝑐′/𝑐𝑐) − 1. Since the consumption level 𝑐𝑐′ after opening
trade is larger than the consumption level 𝑐𝑐 in autarky (𝑐𝑐′ > 𝑐𝑐), the welfare change is positive (Δ𝑊𝑊 𝑊 0). If we
use welfare measure (24) instead of (23), there is no change in welfare.

us to observe the effects of market integration. It turns out that free trade alone (I) maintains

a growth rate of 0.04%, with only a level effect and no growth effect. Free trade without data

flows or idea spillovers positively impacts individual welfare by increasing output and reduc-

ing the price index. However, the increase in output reflects only a level effect, not a growth

effect, which aligns with Rivera-Batiz and Romer (1991a).8

Beyond the free trade-only case, it is useful to explore additional thought experiments. The

first scenario considers the situation where only idea flows occur without any trade. While

such cases are rare, they are not unprecedented. Rivera-Batiz and Romer (1991a) mention the

spread of gunpowder and the compass from China to Western countries during the Middle

Ages as an example.

The second thought experiment explores a scenario involving only data flows, without

trade. A pertinent example can be drawn from the COVID-19 pandemic, when countries im-

posed restrictions on the movement of people and goods across borders. During this period,

there were debates on whether governments should disclose individual infection data to the

public. While such disclosures risked privacy violations, they could have sped up vaccine de-
8Consider a scenario where iceberg trade costs are used in international trade. Autarky equilibrium occurs

when trade costs are infinitely high. To facilitate trade, we lower these costs between countries. This results in a
growth effect rather than a level effect. For clarity, we keep our model simple without emphasizing trade costs.
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velopment. This tension between privacy and public health illustrates the complex trade-offs

inherent in data governance.

Even with reduced international trade, economic activity on the Internet flourished during

the pandemic. Industries offering digital services, such as TikTok, YouTube, and Netflix, saw

rapid growth. Likewise, social media platforms and cloud computing services—both for private

and public use—expanded significantly. In fact, digital transformation emerged as a key term,

encapsulating the shift toward an increasingly digital economy.

3.1.2 Ideas and data

To examine the impact of cross-border data flows in the context of trade liberalization, I break

down the process of openness into two scenarios as outlined in Table 1:

A. Free trade with idea spillovers (𝑁𝑁 = 1, 𝑁𝑁𝑎𝑎 = 1, 𝜙𝜙 = 0): This scenario analyzes

the effects of knowledge spillovers while isolating the influence of data flows

on the economy.

B. Free trade with data flows (𝑁𝑁 = 1, 𝑁𝑁𝑎𝑎 = 0, 𝜙𝜙 = 0.3): This scenario examines the

impact of data flows while isolating the effect of knowledge spillovers on the

economy.

In the first scenario, knowledge spillovers occur through an increase in the stock of knowledge

facilitated by international trade. Introducing knowledge spillovers into free trade (II.A) leads

to gains in both economic growth (0.22%) and welfare (Δ𝑊𝑊 = 0.14). Specifically, knowledge

production follows the equation 𝐴̇𝐴/𝐴𝐴 = 𝜃𝜃(1+𝑁𝑁𝑎𝑎)𝑥𝑥𝑥𝑥𝐴𝐴/𝑘𝑘 where domestic innovators rely solely

on domestic data, represented as: 𝑥̇𝑥/𝑥𝑥 = 𝜇𝜇𝜇𝜇/𝑥𝑥−𝛿𝛿. The growth rate is influenced by knowledge

spillovers but remains unaffected by the opening of data flows. Similarly, welfare changes are

determined exclusively by shifts in the growth rate driven by knowledge spillovers, captured

by the equation: Δ𝑊𝑊 = [(𝑔̄𝑔∗∗ + 𝛿𝛿)/(𝑔̄𝑔∗ + 𝛿𝛿)]1−𝜎𝜎 − 1.

In the second scenario, incorporating cross-border data flows into free trade (II.B) in-

creases the growth rate by 0.37% but results in a welfare decline of Δ𝑊𝑊 = −12.26. Here,
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knowledge production follows the equation: 𝐴̇𝐴/𝐴𝐴 = 𝜃𝜃𝜃𝜃𝜃𝜃𝐴𝐴/𝑘𝑘. Unlike the first scenario, do-

mestic innovators use both domestic and foreign data, modeled as: 𝑥̇𝑥/𝑥𝑥 = 𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)𝑐𝑐/𝑥𝑥 − 𝛿𝛿.

In this case, growth and welfare are driven by cross-border data flows rather than knowl-

edge spillovers. The availability of larger stocks of digital data serves as a productive in-

put in the growth engine of each country, leading to a higher growth rate. However, the

welfare effects diverge significantly from the first scenario. Welfare is now measured by:

Δ𝑊𝑊 = [(𝑔̄𝑔∗∗ + 𝛿𝛿)/(𝑔̄𝑔∗ + 𝛿𝛿)(1 + 𝜙𝜙′𝑁𝑁 ′)]1−𝜎𝜎 − 1. A key distinction in this scenario is that the

expansion of digital data stocks due to cross-border data flows creates negative externalities.

EU consumers experience disutility not only from EU innovators using their private data but

also from US innovators accessing it, and the same holds true for US consumers. Because digi-

tal data is a non-rival resource that can be transferred and used across borders, its unrestricted

use amplifies privacy concerns and erodes consumer welfare. As a result, opening data access

paradoxically reduces welfare despite fostering economic growth. These findings underscore

the inherent trade-offs between digital-driven expansion and individual privacy. In particular,

the welfare loss in II.B highlights the urgent need for policies—such as privacy protection and

data governance frameworks—to mitigate the potential downsides of cross-border data flows

in international trade.

3.2 Policy exercises

What are the key features of recent data regulation? Three key data sources offer valu-

able insights into recent policy trends in data regulation. First, data localization measures

have expanded significantly worldwide. Between 2017 and 2021, the number of such mea-

sures grew from 67 to 144, while the number of countries enforcing them increased from 35 to

62 (see Cory and Dascoli 2021). By 2022, over 60 countries had implemented policies restrict-

ing or prohibiting certain types of cross-border data flows. By the end of 2023, 12 U.S. states

had enacted comprehensive privacy laws, many incorporating data localization requirements,
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with another seven states set to introduce similar legislation in 2024.9

Second, new data regulations have emerged even among advanced economies. Between

2020 and 2024, there were 15,363 events resulting in 8,443 policy or regulatory changes across

the G20 and EU.10 Of these, 3,387 changes were related to data regulation, covering areas

such as data protection, cybersecurity, cross-border data transfers, data protection authority

governance, and data localization requirements. Notably, cybersecurity-related regulations

have contributed to a rise in technical barriers to digital trade.

Lastly, the Digital Services Trade Restrictiveness Index underscores growing barriers to

digital trade, including data flow restrictions, localization mandates, and content filtering. The

OECD’s 2023 update highlights a significant rise in restrictions across key sectors such as

broadcasting, computer services, and telecommunications. Together, these trends reflect a

global shift toward stricter data flow regulations.

Recent changes in data regulations are closely linked to the accessibility of foreign data

(𝜙𝜙) and the costs of non-tariff barriers (𝜏𝜏) in this paper. While these changes impact both 𝜙𝜙

and 𝜏𝜏 simultaneously, we analyze them separately for clarity. This subsection shows how the

model can be applied to assess policy approaches, including behind-the-border measures in

digital trade and personal data transfers. Additionally, we explore ways to mitigate growth

and welfare trade-offs by examining an alternative policy measure known as digital trade

agreements.

How do growth rates relate to data localization? This paper examines behind-the-

border measures that functions as non-tariff barriers (NTBs), with data localization serving as

a key example in the digital economy.

Figure 1 shows the relationship between NTBs and economic growth. The horizontal axis

represents the cost imposed by these barriers, denoted as 𝜏𝜏, while the vertical axis shows the

growth rate 𝑔̄𝑔∗. The blue curve depicts how the growth rate evolves as NTB costs increases. A

key reference point is the green dashed line, which marks the baseline growth rate of 0.086%
9The report by OECD/WTO(2025) uses the WTO Global Trade Model to conduct policy exercises, including

those related to data flows and data localization. While the simulations yield interesting results, the model does
not incorporate features related to economic growth and privacy in utility.

10For further details, visit Digital policy alert at https://digitalpolicyalert.org/
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Figure 1: Data localization and growth rates

Remarks: (i) Initial parameter values are 𝜌𝜌 = 0.005, 𝜎𝜎 = 0.5, 𝛾𝛾 = 1, 𝜇𝜇 = 0.05, 𝛼𝛼 = 0.65, 𝑚𝑚 = 0.75, 1/𝜃𝜃 = 0.03,
𝑁𝑁 = 1, 𝑁𝑁𝑎𝑎 = 0, and 𝜙𝜙 = 0.3. (ii) As a baseline, free trade with data flows is chosen (see Table 1). (iii) Growth rate
is calculated by equation (22) and Δ𝑊𝑊 is calculated by using the welfare measure from equation (24).

when NTBs (𝜏𝜏 = 0) are absent.

Figure 1 reveals that even small NTB costs reduce the growth rate, highlighting the nega-

tive impact of trade barriers on economic growth. Initially, as 𝜏𝜏 rises, the blue curve declines,

reflecting the dampening effect of NTBs on growth. However, beyond a certain threshold, the

growth rate begins to recover, though it remains below the baseline.

This suggests that while extremely high barriers may foster niche market formation, their

overall effect remains negative compared to a free-trade scenario. Figure 1 highlights the

critical role of minimizing NTBs to sustain long-term economic growth.

How do growth and welfare relate to rules on cross-border data flows? One par-

ticular example is the EU-US Data Privacy Framework. The EU-US Privacy Shield, created

in 2016, regulated personal data transfers between the EU and the US for commercial pur-

poses. It replaced the invalidated Safe Harbor agreement, addressing privacy concerns about

US surveillance. The framework was designed to align with EU privacy standards, requir-

ing safeguards, transparency, and annual reviews. In 2020, the Court of Justice of the EU
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36 Trade and Growth with Digital Data

Figure 2: Data regulation: economic growth vs. individual welfare

Remarks: (i) Initial parameter values are 𝜏𝜏 = 0, 𝜌𝜌 = 0.005, 𝜎𝜎 = 0.5, 𝛾𝛾 = 1, 𝜇𝜇 = 0.05, 𝛼𝛼 = 0.65,𝑚𝑚 = 0.75, 1/𝜃𝜃 = 0.03,
𝑁𝑁 = 1, 𝑁𝑁𝑎𝑎 = 0, and 𝜙𝜙 = 0.3. (ii) At 𝜙𝜙𝑜𝑜 , the growth rate is 0.086% (𝑔̄𝑔∗) and the change in welfare is zero (Δ𝑊𝑊 ).
This is the equilibrium with free trade and data flows in Table 1. (iii) Growth rate is calculated by equation (22)
and Δ𝑊𝑊 is calculated by using the welfare measure from equation (24).

invalidated the Privacy Shield in the Schrems II case, citing insufficient protection against US

surveillance. Despite its invalidation, the framework highlighted the need for cross-border

data protection. US firms participating in the Privacy Shield had to comply with its princi-

ples and ensure third-party processors followed to similar standards. In 2023, the EU adopted

the EU-US Data Privacy Framework, featuring enhanced safeguards to limit US intelligence

agencies’ access to EU data.

Figure 2 illustrates the relationship between data openness, economic growth, and indi-

vidual welfare, highlighting the trade-offs involved in shaping data policies. A baseline level

of data openness is denoted as 𝜙𝜙𝑜𝑜 , with the equilibrium growth rate at 0.0856% in the absence

of idea spillovers. Tightening restrictions on cross-border data flows (𝜙𝜙 = 0.3 → 0.15) reduces

growth from 0.086% to 0.062%. However, despite this decline, welfare increases by 0.61%, sug-

gesting that regulatory interventions can provide non-economic benefits, such as enhanced

data security and privacy. This finding supports the argument that prioritizing data privacy

can yield significant welfare gains, even at the cost of slower economic growth. Stricter data
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regulations (lower 𝜙𝜙) reduce the total stock of digital data, impacting the economy in two

ways. First, a smaller data stock lowers the marginal productivity of labor in the R&D sec-

tor, prompting some R&D labor to shift to the final goods sector. As a result, innovators face

weaker incentives due to lower marginal returns, leading to a decline in monopoly rents and,

ultimately, slower technological progress. This gradual decline reduces final output and low-

ers the growth rate. Second, as the data stock shrinks, the disutility associated with digital

data also decreases. While a lower growth rate generally reduces welfare, a lower 𝜙𝜙 simul-

taneously raises it. Quantitative analysis based on the general equilibrium model shows that

stricter domestic regulations (𝜙𝜙 decreases) result in lower growth but higher welfare.

As the degree of data openness increases (𝜙𝜙 exceeds the baseline 𝜙𝜙𝑜𝑜), the growth rate

increases, suggesting that greater openness can foster innovation and economic expansion.

However, this is associated with a decline in individual welfare, likely due to factors such as

increased privacy risks, data breaches, or unevenly distributed benefits from data use. On

the other hand, as the degree of data openness decreases, economic growth slows, reflecting

the potential stagnation caused by insufficient data sharing. While this reduced data openness

improves individual welfare byminimizing risks, it could hinder long-term growth prospects.11

Can we resolve growth and welfare trade-offs by digital trade agreement? Cross-

border data flows are a key driver of economic growth, yet their impact on welfare remains

complex and requires careful evaluation. As digital trade agreements become more preva-

lent, policymakers must navigate the trade-offs between efficiency gains and potential wel-

fare losses. Figure 3 shows the importance of designing policies that not only promote data

flows but also mitigate the unintended negative externalities of technological progress. The

contrast between different spillover scenarios highlights the crucial role of policies that facil-

itate cross-border knowledge sharing. When idea spillovers are limited, economic efficiency

may improve, but welfare gains remain uncertain or even negative. Conversely, when strong

knowledge-sharing mechanisms are in place, both economic growth and welfare benefits be-

come more pronounced. This suggests that the effectiveness of data-driven growth strategies
11Data generation and data depreciation work in a similar way as data regulation. See A1.3 in Appendix.
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hinges not just on the volume of data flows but on the extent to which they translate into

meaningful innovation and productivity gains.

Figure 3: The impact of digital trade agreement on growth and welfare

Remarks: (i) Growth rate is calculated by equation (22) and 𝑊𝑊 is calculated by using the welfare measure from
(24), (ii) Initial parameter values are chosen by 𝜏𝜏 = 0, 𝜌𝜌 = 0.005, 𝜎𝜎 = 0.5, 𝛾𝛾 = 1, 𝜇𝜇 = 0.05, 𝛼𝛼 = 0.65, 𝑚𝑚 = 0.75,
1/𝜃𝜃 = 0.03. (iii) Data accessibility is set to be 𝜙𝜙 = 0.3 → 0.4.

To maximize the benefits of cross-border data flows, policymakers must complement them

with initiatives that encourage research collaboration at the firm and industry levels. Strength-

ening global knowledge networks, fostering cooperative innovation ecosystems, and address-

ing structural barriers to knowledge diffusion can ensure that digital trade leads to broad-based

welfare improvements. By aligning digital trade agreements with policies that support idea

spillovers, economies can fully harness the transformative potential of data-driven globaliza-

tion while safeguarding long-term welfare gains.12

4 Conclusion

This paper examines how integrating goods, ideas, and data into the economy influences

growth and individual welfare. In a closed economy with no trade or data sharing, growth

remains low. Traditional trade liberalization without data access has no lasting impact on

growth, only providing a one-time boost. However, when data flows freely across borders, in-

novation increases, leading to faster economic growth. Despite these benefits, data openness

raises privacy concerns, which can reduce individual welfare.
12The effects of changes in the productivity of data-driven R&D production (𝜃𝜃) are both qualitatively and

quantitatively similar to variations in the stock of 𝐴𝐴.
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There is a trade-off between economic growth and privacy. More access to data helps

the economy grow, but it can also lead to negative effects, such as loss of personal privacy.

In contrast, strict data policies can improve welfare even if they slow growth. Additionally,

non-tariff barriers, such as data localization, limit trade and innovation, further restricting

economic progress.

Balancing growth and privacy is key in the digital economy. While data-driven trade pro-

motes long-term economic expansion, policymakers must consider risks like privacy loss and

unequal benefits. Future policies should aim to allow data flows while protecting privacy.

Well-designed trade agreements can help countries grow their economies without losing pub-

lic trust. By supporting innovation while safeguarding personal data, governments can unlock

the full potential of digital globalization while ensuring long-term welfare.

Appendix

A1. Dual role of data

A1.1 Growth rate

The difference between the growth rate of consumption and the growth rate of data is from

equations (16)-(17)

̇𝑐𝑐𝑥𝑥
𝑐𝑐𝑥𝑥

= 1
𝜎𝜎
[(1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)𝑦𝑦𝑘𝑘 − 𝜌𝜌] − 𝜎𝜎 + 𝛾𝛾(1 − 𝜎𝜎)

𝜎𝜎
[𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)𝑐𝑐𝑥𝑥 − 𝛿𝛿], (1)

The difference between consumption growth rate and capital growth rate is from equations

(17)-(18)

̇𝑐𝑐𝑘𝑘
𝑐𝑐𝑘𝑘

= 1
𝜎𝜎
[(1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)𝑦𝑦𝑘𝑘 − 𝜌𝜌] + 𝛾𝛾(𝜎𝜎 − 1)

𝜎𝜎
[𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)𝑐𝑐𝑥𝑥 − 𝛿𝛿] −

{
[𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦𝑦𝑘𝑘 − 𝑐𝑐𝑘𝑘

}
, (2)

The difference between final output growth rate and capital growth rate is from equations
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(18) and (20)

𝑦̇𝑦𝑘𝑘
𝑦𝑦𝑘𝑘

= (1 − 𝛼𝛼)(1 − 𝑚𝑚)
𝑚𝑚 [𝜃𝜃(1 + 𝑁𝑁𝑑𝑑)(1 + 𝑁𝑁𝑎𝑎)

𝑐𝑐𝑘𝑘
𝑐𝑐𝑥𝑥
𝑙𝑙𝐴𝐴] − 𝛼𝛼 𝑙̇𝑙

𝐴𝐴

𝑙𝑙𝐴𝐴
− 𝛼𝛼

{
[𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦𝑦𝑘𝑘 − 𝑐𝑐𝑘𝑘

}
(3)

The dynamics of researchers is from equation (19)

𝑙̇𝑙𝐴𝐴

𝑙𝑙𝐴𝐴
= 1 − 𝑙𝑙𝐴𝐴

(1 − 𝛼𝛼)𝑙𝑙𝐴𝐴

{
(1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)𝑦𝑦𝑘𝑘 + [𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)𝑐𝑐𝑥𝑥 − 𝛿𝛿] − (2 − 𝛼𝛼)

{
[𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦𝑦𝑘𝑘 − 𝑐𝑐𝑘𝑘

}

− [
(1 − 𝛼𝛼)(1 − 𝑚𝑚)(1 − 𝑙𝑙𝐴𝐴)

𝛼𝛼𝛼𝛼𝐴𝐴
+ (1 − 𝛼𝛼)(1 − 𝑚𝑚) − 𝑚𝑚

𝑚𝑚 ] 𝜃𝜃(1 + 𝑁𝑁𝑑𝑑)(1 + 𝑁𝑁𝑎𝑎)
𝑐𝑐𝑘𝑘
𝑐𝑐𝑥𝑥
𝑙𝑙𝐴𝐴
}

(4)

The growth rate of technological progress is from equation (21)

𝐴̇𝐴
𝐴𝐴

= 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)
𝑐𝑐𝑘𝑘
𝑐𝑐𝑥𝑥
𝑙𝑙𝐴𝐴 (5)

Next, we consider stationary allocations {𝑐̄𝑐𝑥𝑥 , 𝑐̄𝑐𝑘𝑘, 𝑦̄𝑦𝑘𝑘, 𝑙𝑙𝐴𝐴, 𝑔̄𝑔𝐴𝐴} of the dynamic equations above

by imposing 𝑐̇𝑐𝑥𝑥/𝑐𝑐𝑥𝑥 = 0, 𝑐̇𝑐𝑘𝑘/𝑐𝑐𝑘𝑘 = 0, 𝑦̇𝑦𝑘𝑘/𝑦𝑦𝑘𝑘 = 0, and no change in the number of researchers 𝑙𝑙𝐴𝐴

and constant technology growth 𝑔̄𝑔𝐴𝐴.

Consumption per digital data is

𝑐̄𝑐𝑥𝑥 =
𝛿𝛿

𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)
+ (1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)𝑦̄𝑦𝑘𝑘 − 𝜌𝜌
𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)[𝜎𝜎 + 𝛾𝛾(1 − 𝜎𝜎)]

. (6)

Consumption per capital is

𝑐̄𝑐𝑘𝑘 = [𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦̄𝑦𝑘𝑘 −
(1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)𝑦̄𝑦𝑘𝑘 − 𝜌𝜌

𝜎𝜎 + 𝛾𝛾(1 − 𝜎𝜎)
. (7)

Final good per capital is

𝑦̄𝑦𝑘𝑘 =
𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)

(1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏) [
(1 − 𝛼𝛼)(1 − 𝑚𝑚)𝛽𝛽(𝜏𝜏)

𝛼𝛼
+ (1 − 𝛼𝛼)(1 − 𝑚𝑚)[1 − 𝛽𝛽(𝜏𝜏)𝑚𝑚] − 𝛼𝛼𝛼𝛼

𝛼𝛼𝛼𝛼
𝑙𝑙𝐴𝐴]

𝑐̄𝑐𝑘𝑘
𝑐̄𝑐𝑥𝑥
. (8)
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Appendix 41

(18) and (20)

𝑦̇𝑦𝑘𝑘
𝑦𝑦𝑘𝑘

= (1 − 𝛼𝛼)(1 − 𝑚𝑚)
𝑚𝑚 [𝜃𝜃(1 + 𝑁𝑁𝑑𝑑)(1 + 𝑁𝑁𝑎𝑎)

𝑐𝑐𝑘𝑘
𝑐𝑐𝑥𝑥
𝑙𝑙𝐴𝐴] − 𝛼𝛼 𝑙̇𝑙

𝐴𝐴

𝑙𝑙𝐴𝐴
− 𝛼𝛼

{
[𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦𝑦𝑘𝑘 − 𝑐𝑐𝑘𝑘

}
(3)

The dynamics of researchers is from equation (19)

𝑙̇𝑙𝐴𝐴

𝑙𝑙𝐴𝐴
= 1 − 𝑙𝑙𝐴𝐴

(1 − 𝛼𝛼)𝑙𝑙𝐴𝐴

{
(1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)𝑦𝑦𝑘𝑘 + [𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)𝑐𝑐𝑥𝑥 − 𝛿𝛿] − (2 − 𝛼𝛼)

{
[𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦𝑦𝑘𝑘 − 𝑐𝑐𝑘𝑘

}

− [
(1 − 𝛼𝛼)(1 − 𝑚𝑚)(1 − 𝑙𝑙𝐴𝐴)

𝛼𝛼𝛼𝛼𝐴𝐴
+ (1 − 𝛼𝛼)(1 − 𝑚𝑚) − 𝑚𝑚

𝑚𝑚 ] 𝜃𝜃(1 + 𝑁𝑁𝑑𝑑)(1 + 𝑁𝑁𝑎𝑎)
𝑐𝑐𝑘𝑘
𝑐𝑐𝑥𝑥
𝑙𝑙𝐴𝐴
}

(4)

The growth rate of technological progress is from equation (21)

𝐴̇𝐴
𝐴𝐴

= 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)
𝑐𝑐𝑘𝑘
𝑐𝑐𝑥𝑥
𝑙𝑙𝐴𝐴 (5)

Next, we consider stationary allocations {𝑐̄𝑐𝑥𝑥 , 𝑐̄𝑐𝑘𝑘, 𝑦̄𝑦𝑘𝑘, 𝑙𝑙𝐴𝐴, 𝑔̄𝑔𝐴𝐴} of the dynamic equations above

by imposing 𝑐̇𝑐𝑥𝑥/𝑐𝑐𝑥𝑥 = 0, 𝑐̇𝑐𝑘𝑘/𝑐𝑐𝑘𝑘 = 0, 𝑦̇𝑦𝑘𝑘/𝑦𝑦𝑘𝑘 = 0, and no change in the number of researchers 𝑙𝑙𝐴𝐴

and constant technology growth 𝑔̄𝑔𝐴𝐴.

Consumption per digital data is

𝑐̄𝑐𝑥𝑥 =
𝛿𝛿

𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)
+ (1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)𝑦̄𝑦𝑘𝑘 − 𝜌𝜌
𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)[𝜎𝜎 + 𝛾𝛾(1 − 𝜎𝜎)]

. (6)

Consumption per capital is

𝑐̄𝑐𝑘𝑘 = [𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦̄𝑦𝑘𝑘 −
(1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)𝑦̄𝑦𝑘𝑘 − 𝜌𝜌

𝜎𝜎 + 𝛾𝛾(1 − 𝜎𝜎)
. (7)

Final good per capital is

𝑦̄𝑦𝑘𝑘 =
𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)

(1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏) [
(1 − 𝛼𝛼)(1 − 𝑚𝑚)𝛽𝛽(𝜏𝜏)

𝛼𝛼
+ (1 − 𝛼𝛼)(1 − 𝑚𝑚)[1 − 𝛽𝛽(𝜏𝜏)𝑚𝑚] − 𝛼𝛼𝛼𝛼

𝛼𝛼𝛼𝛼
𝑙𝑙𝐴𝐴]

𝑐̄𝑐𝑘𝑘
𝑐̄𝑐𝑥𝑥
. (8)
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Researchers in the data-driven R&D production are

𝑙𝑙𝐴𝐴 = 𝛼𝛼𝛼𝛼
𝜃𝜃(1 − 𝛼𝛼)(1 − 𝑚𝑚)

{
[𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦𝑦𝑘𝑘 − 𝑐𝑐𝑘𝑘

}
(
𝑐̄𝑐𝑥𝑥
𝑐̄𝑐𝑘𝑘 )

. (9)

Technological growth is

𝑔̄𝑔𝐴𝐴 = 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)
𝑐̄𝑐𝑘𝑘
𝑐̄𝑐𝑧𝑧
𝑙𝑙𝐴𝐴. (10)

The equilibrium variables in the trade and growth model with idea spillovers and data

flows between symmetric countries are fully determined by solving for final good per capital,

𝑦̄𝑦𝑘𝑘. After some algebraic manipulation, the exact solution for 𝑦̄𝑦𝑘𝑘 is obtained:

𝑦̄𝑦∗
𝑘𝑘 = 1

(1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)

{1
2(

Ψ𝜁𝜁2 + 𝜌𝜌𝜁𝜁0 + 2𝜁𝜁1
𝜁𝜁0 + 𝜁𝜁1

− 𝛿𝛿𝛿𝛿0)

+

√{1
2(

Ψ𝜁𝜁2 + 𝜌𝜌𝜁𝜁0 + 2𝜁𝜁1
𝜁𝜁0 + 𝜁𝜁1

− 𝛿𝛿𝛿𝛿0)

}2
+ 𝜌𝜌Ψ𝜁𝜁𝑜𝑜(1 − 𝛼𝛼)(1 − 𝑚𝑚)𝛽𝛽(𝜏𝜏)/𝛼𝛼 − 𝜁𝜁1(𝜌𝜌 − 𝛿𝛿𝛿𝛿0)

𝜁𝜁𝑜𝑜 + 𝜁𝜁1

}
(11)

where 𝜁𝜁0 = 𝜎𝜎 + 𝛾𝛾(1 − 𝜎𝜎), 𝜁𝜁1 = 𝛼𝛼𝛼𝛼−(1−𝛼𝛼)(1−𝑚𝑚)[1−𝛽𝛽(𝜏𝜏)𝑚𝑚]
(1−𝛼𝛼)(1−𝑚𝑚) , 𝜁𝜁2 = 𝜁𝜁0(1−𝛼𝛼)(1−𝑚𝑚)

(𝜁𝜁0+𝜁𝜁1)𝛼𝛼 [(𝛽𝛽(𝜏𝜏) + 𝛼𝛼
(1−𝛼𝛼)𝑚𝑚)𝜁𝜁0 − 𝛽𝛽(𝜏𝜏)]

and

Ψ = 𝜇𝜇𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)(1 + 𝑁𝑁𝑎𝑎).

Finally, we can derive all other steady-state variables, using the solution 𝑦̄𝑦∗
𝑘𝑘 .

A1.2 Welfare measure

Both consumption and digital data grow at the growth rate of 𝑔̄𝑔∗ on the balanced growth path

(BGP). Suppose 𝑡𝑡∗ is the initial period of the original BGP. The lifetime utility function on the

BGP yields:

𝑈𝑈∗ = 1
1 − 𝜎𝜎(

𝑐̄𝑐(𝑡𝑡∗)
[𝑥̄𝑥(𝑡𝑡∗)]𝛾𝛾 )

1−𝜎𝜎

∫
∞

𝑡𝑡∗
𝑒𝑒(1−𝛾𝛾)(1−𝜎𝜎)𝑔̄𝑔∗(𝑡𝑡−𝑡𝑡∗)𝑒𝑒−𝜌𝜌(𝑡𝑡−𝑡𝑡∗)𝑑𝑑𝑑𝑑𝑑

Evaluating the integral results in:

𝑈𝑈∗ = 1
1 − 𝜎𝜎

𝑐̄𝑐(𝑡𝑡∗)1−𝜎𝜎[𝑥̄𝑥(𝑡𝑡∗)]−𝛾𝛾(1−𝜎𝜎)

𝜌𝜌 − (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗ ,
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42 Trade and Growth with Digital Data

Researchers in the data-driven R&D production are

𝑙𝑙𝐴𝐴 = 𝛼𝛼𝛼𝛼
𝜃𝜃(1 − 𝛼𝛼)(1 − 𝑚𝑚)

{
[𝛼𝛼 + (1 − 𝛼𝛼)𝛽𝛽(𝜏𝜏)]𝑦𝑦𝑘𝑘 − 𝑐𝑐𝑘𝑘

}
(
𝑐̄𝑐𝑥𝑥
𝑐̄𝑐𝑘𝑘 )

. (9)

Technological growth is

𝑔̄𝑔𝐴𝐴 = 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)
𝑐̄𝑐𝑘𝑘
𝑐̄𝑐𝑧𝑧
𝑙𝑙𝐴𝐴. (10)

The equilibrium variables in the trade and growth model with idea spillovers and data

flows between symmetric countries are fully determined by solving for final good per capital,

𝑦̄𝑦𝑘𝑘. After some algebraic manipulation, the exact solution for 𝑦̄𝑦𝑘𝑘 is obtained:

𝑦̄𝑦∗
𝑘𝑘 = 1

(1 − 𝛼𝛼)𝑚𝑚𝑚𝑚(𝜏𝜏)

{1
2(

Ψ𝜁𝜁2 + 𝜌𝜌𝜁𝜁0 + 2𝜁𝜁1
𝜁𝜁0 + 𝜁𝜁1

− 𝛿𝛿𝛿𝛿0)

+

√{1
2(

Ψ𝜁𝜁2 + 𝜌𝜌𝜁𝜁0 + 2𝜁𝜁1
𝜁𝜁0 + 𝜁𝜁1

− 𝛿𝛿𝛿𝛿0)

}2
+ 𝜌𝜌Ψ𝜁𝜁𝑜𝑜(1 − 𝛼𝛼)(1 − 𝑚𝑚)𝛽𝛽(𝜏𝜏)/𝛼𝛼 − 𝜁𝜁1(𝜌𝜌 − 𝛿𝛿𝛿𝛿0)

𝜁𝜁𝑜𝑜 + 𝜁𝜁1

}
(11)

where 𝜁𝜁0 = 𝜎𝜎 + 𝛾𝛾(1 − 𝜎𝜎), 𝜁𝜁1 = 𝛼𝛼𝛼𝛼−(1−𝛼𝛼)(1−𝑚𝑚)[1−𝛽𝛽(𝜏𝜏)𝑚𝑚]
(1−𝛼𝛼)(1−𝑚𝑚) , 𝜁𝜁2 = 𝜁𝜁0(1−𝛼𝛼)(1−𝑚𝑚)

(𝜁𝜁0+𝜁𝜁1)𝛼𝛼 [(𝛽𝛽(𝜏𝜏) + 𝛼𝛼
(1−𝛼𝛼)𝑚𝑚)𝜁𝜁0 − 𝛽𝛽(𝜏𝜏)]

and

Ψ = 𝜇𝜇𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)(1 + 𝑁𝑁𝑎𝑎).

Finally, we can derive all other steady-state variables, using the solution 𝑦̄𝑦∗
𝑘𝑘 .

A1.2 Welfare measure

Both consumption and digital data grow at the growth rate of 𝑔̄𝑔∗ on the balanced growth path

(BGP). Suppose 𝑡𝑡∗ is the initial period of the original BGP. The lifetime utility function on the

BGP yields:

𝑈𝑈∗ = 1
1 − 𝜎𝜎(

𝑐̄𝑐(𝑡𝑡∗)
[𝑥̄𝑥(𝑡𝑡∗)]𝛾𝛾 )

1−𝜎𝜎

∫
∞

𝑡𝑡∗
𝑒𝑒(1−𝛾𝛾)(1−𝜎𝜎)𝑔̄𝑔∗(𝑡𝑡−𝑡𝑡∗)𝑒𝑒−𝜌𝜌(𝑡𝑡−𝑡𝑡∗)𝑑𝑑𝑑𝑑𝑑

Evaluating the integral results in:

𝑈𝑈∗ = 1
1 − 𝜎𝜎

𝑐̄𝑐(𝑡𝑡∗)1−𝜎𝜎[𝑥̄𝑥(𝑡𝑡∗)]−𝛾𝛾(1−𝜎𝜎)

𝜌𝜌 − (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗ ,

33with the transversality condition (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗ < 𝜌𝜌.

We compare the two BGPs by examining the preserved value of discounted lifetime utility

at the start of their initial equilibria. Let 𝑡𝑡∗∗ denote the first period of the post-BGP, character-

ized by a different set of fundamental variables.

The lifetime utility function on the post-BGP is:

𝑈𝑈∗∗ = 1
1 − 𝜎𝜎

𝑐̄𝑐(𝑡𝑡∗∗)1−𝜎𝜎[𝑥̄𝑥(𝑡𝑡∗∗)]−𝛾𝛾(1−𝜎𝜎)

𝜌𝜌 − (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗∗ ,

Define the welfare measure as:

Δ𝑊𝑊 = 𝑈𝑈∗∗

𝑈𝑈∗ − 1

This expands to:

Δ𝑊𝑊 = (
𝑐̄𝑐(𝑡𝑡∗∗)
𝑐̄𝑐(𝑡𝑡∗) )

1−𝜎𝜎

(
𝑥̄𝑥(𝑡𝑡∗∗)
𝑥̄𝑥(𝑡𝑡∗) )

−𝛾𝛾(1−𝜎𝜎) 𝜌𝜌 − (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗

𝜌𝜌′ − (1 − 𝛾𝛾 ′)(1 − 𝜎𝜎′)𝑔̄𝑔∗∗ − 1

From equation (16), we have

𝑥̄𝑥(𝑡𝑡∗) = 𝑐̄𝑐(𝑡𝑡∗)𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)
𝑔̄𝑔∗ + 𝛿𝛿

, 𝑥̄𝑥(𝑡𝑡∗∗) = 𝑐̄𝑐(𝑡𝑡∗∗)𝜇𝜇′(1 + 𝜙𝜙′𝑁𝑁 ′)
𝑔̄𝑔∗∗ + 𝛿𝛿′

This implies that [𝑥̄𝑥(𝑡𝑡∗)]𝛾𝛾 = (
𝑐̄𝑐(𝑡𝑡∗)𝜇𝜇(1+𝜙𝜙𝜙𝜙)

𝑔̄𝑔∗+𝛿𝛿 )
𝛾𝛾
and [𝑥̄𝑥(𝑡𝑡∗∗)]𝛾𝛾 = (

𝑐̄𝑐(𝑡𝑡∗∗)𝜇𝜇′(1+𝜙𝜙′𝑁𝑁 ′)
𝑔̄𝑔∗∗+𝛿𝛿′ )

𝛾𝛾
. This gives the

following relationship.

(
𝑥̄𝑥(𝑡𝑡∗∗)
𝑥̄𝑥(𝑡𝑡∗) )

−𝛾𝛾
= (

𝑔̄𝑔∗∗ + 𝛿𝛿
𝑔̄𝑔∗ + 𝛿𝛿′ )

𝛾𝛾

(
𝑐̄𝑐(𝑡𝑡∗)𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)

𝑐̄𝑐(𝑡𝑡∗∗)𝜇𝜇′(1 + 𝜙𝜙′𝑁𝑁 ′))
𝛾𝛾

After simplification,

Δ𝑊𝑊 = [(
𝑐̄𝑐(𝑡𝑡∗∗)
𝑐̄𝑐(𝑡𝑡∗) )

1−𝛾𝛾

(
𝑔̄𝑔∗∗ + 𝛿𝛿
𝑔̄𝑔∗ + 𝛿𝛿′ )

𝛾𝛾

(
𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)
𝜇𝜇′(1 + 𝜙𝜙′𝑁𝑁 ′))

𝛾𝛾

]
1−𝜎𝜎 𝜌𝜌 − (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗

𝜌𝜌 − (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗∗ − 1.
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with the transversality condition (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗ < 𝜌𝜌.

We compare the two BGPs by examining the preserved value of discounted lifetime utility

at the start of their initial equilibria. Let 𝑡𝑡∗∗ denote the first period of the post-BGP, character-

ized by a different set of fundamental variables.

The lifetime utility function on the post-BGP is:

𝑈𝑈∗∗ = 1
1 − 𝜎𝜎

𝑐̄𝑐(𝑡𝑡∗∗)1−𝜎𝜎[𝑥̄𝑥(𝑡𝑡∗∗)]−𝛾𝛾(1−𝜎𝜎)

𝜌𝜌 − (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗∗ ,

Define the welfare measure as:

Δ𝑊𝑊 = 𝑈𝑈∗∗

𝑈𝑈∗ − 1

This expands to:

Δ𝑊𝑊 = (
𝑐̄𝑐(𝑡𝑡∗∗)
𝑐̄𝑐(𝑡𝑡∗) )

1−𝜎𝜎

(
𝑥̄𝑥(𝑡𝑡∗∗)
𝑥̄𝑥(𝑡𝑡∗) )

−𝛾𝛾(1−𝜎𝜎) 𝜌𝜌 − (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗

𝜌𝜌′ − (1 − 𝛾𝛾 ′)(1 − 𝜎𝜎′)𝑔̄𝑔∗∗ − 1

From equation (16), we have

𝑥̄𝑥(𝑡𝑡∗) = 𝑐̄𝑐(𝑡𝑡∗)𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)
𝑔̄𝑔∗ + 𝛿𝛿

, 𝑥̄𝑥(𝑡𝑡∗∗) = 𝑐̄𝑐(𝑡𝑡∗∗)𝜇𝜇′(1 + 𝜙𝜙′𝑁𝑁 ′)
𝑔̄𝑔∗∗ + 𝛿𝛿′

This implies that [𝑥̄𝑥(𝑡𝑡∗)]𝛾𝛾 = (
𝑐̄𝑐(𝑡𝑡∗)𝜇𝜇(1+𝜙𝜙𝜙𝜙)

𝑔̄𝑔∗+𝛿𝛿 )
𝛾𝛾
and [𝑥̄𝑥(𝑡𝑡∗∗)]𝛾𝛾 = (

𝑐̄𝑐(𝑡𝑡∗∗)𝜇𝜇′(1+𝜙𝜙′𝑁𝑁 ′)
𝑔̄𝑔∗∗+𝛿𝛿′ )

𝛾𝛾
. This gives the

following relationship.

(
𝑥̄𝑥(𝑡𝑡∗∗)
𝑥̄𝑥(𝑡𝑡∗) )

−𝛾𝛾
= (

𝑔̄𝑔∗∗ + 𝛿𝛿
𝑔̄𝑔∗ + 𝛿𝛿′ )

𝛾𝛾

(
𝑐̄𝑐(𝑡𝑡∗)𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)

𝑐̄𝑐(𝑡𝑡∗∗)𝜇𝜇′(1 + 𝜙𝜙′𝑁𝑁 ′))
𝛾𝛾

After simplification,

Δ𝑊𝑊 = [(
𝑐̄𝑐(𝑡𝑡∗∗)
𝑐̄𝑐(𝑡𝑡∗) )

1−𝛾𝛾

(
𝑔̄𝑔∗∗ + 𝛿𝛿
𝑔̄𝑔∗ + 𝛿𝛿′ )

𝛾𝛾

(
𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)
𝜇𝜇′(1 + 𝜙𝜙′𝑁𝑁 ′))

𝛾𝛾

]
1−𝜎𝜎 𝜌𝜌 − (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗

𝜌𝜌 − (1 − 𝛾𝛾)(1 − 𝜎𝜎)𝑔̄𝑔∗∗ − 1.
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For the special case where 𝜎𝜎 𝜎 1 and 𝛾𝛾 = 1, we obtain:

Δ𝑊𝑊 = [(
𝑔̄𝑔∗∗ + 𝛿𝛿
𝑔̄𝑔∗ + 𝛿𝛿′ )(

𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)
𝜇𝜇′(1 + 𝜙𝜙′𝑁𝑁 ′))]

1−𝜎𝜎
− 1

which corresponds to the equation (24).

A1.3 Growth and welfare: data technology

In the absence of idea spillovers, increasing the intensity of data generation (𝜇𝜇) boosts growth

by 0.55% and lowers welfare by 8.58%. In addition, increasing the depreciation rate of data

reduces growth to 0.27% while causing a large increase in welfare of 7.89%.

Table 2: Growth and welfare: data technology
w/o idea spillover w/ idea spillover
𝑔̄𝑔 Δ𝑊𝑊 𝑊𝑊𝑊 Δ𝑊𝑊

Baseline equilibrium 0.09% N/A 0.37% N/A

Data technology
A. Data generation 0.13% -8.68% 0.55% -8.57%

𝜇𝜇 = 0.05 → 0.06
B. Data depreciation 0.06% 7.98% 0.27% 7.88%

𝛿𝛿 = 0.6 → 0.7
Remarks: (i) Growth rate is calculated by equation (22) and 𝑊𝑊 is calculated by using the welfare measure from
(24), (ii) Initial parameter values are chosen by 𝜌𝜌 = 0.005, 𝜎𝜎 = 0.5, 𝛾𝛾 = 1, 𝜇𝜇 = 0.05, 𝛼𝛼 = 0.65,𝑚𝑚 = 0.75, 1/𝜃𝜃 = 0.03.

A2. Single role of data

The knowledge production 𝐴̇𝐴𝑖𝑖𝑖𝑖𝑖𝑖𝑖 is

𝐴̇𝐴𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜃𝜃[
𝑁𝑁+1

∑
𝑖𝑖=1

𝐴𝐴𝑖𝑖𝑖𝑖]𝑙𝑙𝐴𝐴𝑖𝑖𝑖𝑖 .

When an innovator is bound to use the R&D production. In the first case, an innovator

chooses labor to maximize its profit: 𝜋𝜋𝐴𝐴
𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑝𝑝𝐴𝐴

𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝐴̇𝐴𝑖𝑖𝑖𝑖𝑖𝑖𝑖 − 𝑤𝑤𝑖𝑖𝑖𝑖𝑙𝑙𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖𝑖 subject to the knowledge
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For the special case where 𝜎𝜎 𝜎 1 and 𝛾𝛾 = 1, we obtain:

Δ𝑊𝑊 = [(
𝑔̄𝑔∗∗ + 𝛿𝛿
𝑔̄𝑔∗ + 𝛿𝛿′ )(

𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)
𝜇𝜇′(1 + 𝜙𝜙′𝑁𝑁 ′))]

1−𝜎𝜎
− 1

which corresponds to the equation (24).

A1.3 Growth and welfare: data technology

In the absence of idea spillovers, increasing the intensity of data generation (𝜇𝜇) boosts growth

by 0.55% and lowers welfare by 8.58%. In addition, increasing the depreciation rate of data

reduces growth to 0.27% while causing a large increase in welfare of 7.89%.

Table 2: Growth and welfare: data technology
w/o idea spillover w/ idea spillover
𝑔̄𝑔 Δ𝑊𝑊 𝑊𝑊𝑊 Δ𝑊𝑊

Baseline equilibrium 0.09% N/A 0.37% N/A

Data technology
A. Data generation 0.13% -8.68% 0.55% -8.57%

𝜇𝜇 = 0.05 → 0.06
B. Data depreciation 0.06% 7.98% 0.27% 7.88%

𝛿𝛿 = 0.6 → 0.7
Remarks: (i) Growth rate is calculated by equation (22) and 𝑊𝑊 is calculated by using the welfare measure from
(24), (ii) Initial parameter values are chosen by 𝜌𝜌 = 0.005, 𝜎𝜎 = 0.5, 𝛾𝛾 = 1, 𝜇𝜇 = 0.05, 𝛼𝛼 = 0.65,𝑚𝑚 = 0.75, 1/𝜃𝜃 = 0.03.

A2. Single role of data

The knowledge production 𝐴̇𝐴𝑖𝑖𝑖𝑖𝑖𝑖𝑖 is

𝐴̇𝐴𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜃𝜃[
𝑁𝑁+1

∑
𝑖𝑖=1

𝐴𝐴𝑖𝑖𝑖𝑖]𝑙𝑙𝐴𝐴𝑖𝑖𝑖𝑖 .

When an innovator is bound to use the R&D production. In the first case, an innovator

chooses labor to maximize its profit: 𝜋𝜋𝐴𝐴
𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑝𝑝𝐴𝐴

𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝐴̇𝐴𝑖𝑖𝑖𝑖𝑖𝑖𝑖 − 𝑤𝑤𝑖𝑖𝑖𝑖𝑙𝑙𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖𝑖 subject to the knowledge
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production given the market price of a new idea 𝑝𝑝𝐴𝐴
𝑖𝑖𝑖𝑖𝑖𝑖𝑖 . The first-order condition is

𝑝𝑝𝐴𝐴
𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑤𝑤𝑖𝑖𝑖𝑖

𝜃𝜃𝜃𝜃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑡𝑡

.

Dynamic competitive equilibrium: We describe the case where data play a single role

single: data stock affects consumers with privacy concerns, but is not used in the R&D sector.

Under the R&D technology, the system of dynamic equilibrium allocations {𝑐𝑐𝑅𝑅, 𝑥𝑥𝑅𝑅, 𝑘𝑘𝑅𝑅,𝑙𝑙 𝑦𝑦𝑅𝑅,𝑙𝑙 𝐴𝐴𝑅𝑅 ,

𝐴𝐴𝑅𝑅} is summarized given the initial stocks of digital data and capital.

The evolution of digital data is

𝑥̇𝑥𝑅𝑅
𝑥𝑥𝑅𝑅

= 𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)𝑐𝑐𝑅𝑅
𝑥𝑥𝑅𝑅

− 𝛿𝛿

The dynamics of consumption is

𝑐̇𝑐𝑅𝑅
𝑐𝑐𝑅𝑅

= 1
𝜎𝜎[

(1 − 𝛼𝛼)𝑚𝑚𝑦𝑦𝑅𝑅
𝑘𝑘𝑅𝑅

− 𝜌𝜌] + 𝛾𝛾(1 −
1
𝜎𝜎)[

𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)𝑐𝑐𝑅𝑅
𝑥𝑥𝑅𝑅

− 𝛿𝛿]

The dynamics of innovation production is

𝐴̇𝐴𝑅𝑅

𝐴𝐴𝑅𝑅
= 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)𝑙𝑙𝐴𝐴𝑅𝑅

The economy-wide resource constraint is

𝑘̇𝑘𝑅𝑅
𝑘𝑘𝑅𝑅

= 𝑦𝑦𝑅𝑅
𝑘𝑘𝑅𝑅

− 𝑐𝑐𝑅𝑅
𝑘𝑘𝑅𝑅

The dynamics of R&D labor is

𝑙̇𝑙𝐴𝐴𝑅𝑅
𝑙𝑙𝐴𝐴𝑅𝑅

= 1 − 𝑙𝑙𝐴𝐴𝑅𝑅
(1 − 𝛼𝛼)𝑙𝑙𝐴𝐴𝑅𝑅

{
(1 − 𝛼𝛼)𝑚𝑚𝑦𝑦𝑅𝑅

𝑘𝑘𝑅𝑅
− (1 − 𝛼𝛼)(

𝑦𝑦𝑅𝑅
𝑘𝑘𝑅𝑅

− 𝑐𝑐𝑅𝑅
𝑘𝑘𝑅𝑅 )

− [
(1 − 𝛼𝛼)(1 − 𝑚𝑚)(1 − 𝑙𝑙𝐴𝐴𝑅𝑅 )

𝛼𝛼𝛼𝛼𝐴𝐴𝑅𝑅
+ (1 − 𝛼𝛼)(1 − 𝑚𝑚) − 𝑚𝑚

𝑚𝑚 ] 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)𝑙𝑙𝐴𝐴𝑅𝑅

}

36



Appendix 45

production given the market price of a new idea 𝑝𝑝𝐴𝐴
𝑖𝑖𝑖𝑖𝑖𝑖𝑖 . The first-order condition is

𝑝𝑝𝐴𝐴
𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑤𝑤𝑖𝑖𝑖𝑖

𝜃𝜃𝜃𝜃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑡𝑡

.

Dynamic competitive equilibrium: We describe the case where data play a single role

single: data stock affects consumers with privacy concerns, but is not used in the R&D sector.

Under the R&D technology, the system of dynamic equilibrium allocations {𝑐𝑐𝑅𝑅, 𝑥𝑥𝑅𝑅, 𝑘𝑘𝑅𝑅,𝑙𝑙 𝑦𝑦𝑅𝑅,𝑙𝑙 𝐴𝐴𝑅𝑅 ,

𝐴𝐴𝑅𝑅} is summarized given the initial stocks of digital data and capital.

The evolution of digital data is

𝑥̇𝑥𝑅𝑅
𝑥𝑥𝑅𝑅

= 𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)𝑐𝑐𝑅𝑅
𝑥𝑥𝑅𝑅

− 𝛿𝛿

The dynamics of consumption is

𝑐̇𝑐𝑅𝑅
𝑐𝑐𝑅𝑅

= 1
𝜎𝜎[

(1 − 𝛼𝛼)𝑚𝑚𝑦𝑦𝑅𝑅
𝑘𝑘𝑅𝑅

− 𝜌𝜌] + 𝛾𝛾(1 −
1
𝜎𝜎)[

𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)𝑐𝑐𝑅𝑅
𝑥𝑥𝑅𝑅

− 𝛿𝛿]

The dynamics of innovation production is

𝐴̇𝐴𝑅𝑅

𝐴𝐴𝑅𝑅
= 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)𝑙𝑙𝐴𝐴𝑅𝑅

The economy-wide resource constraint is

𝑘̇𝑘𝑅𝑅
𝑘𝑘𝑅𝑅

= 𝑦𝑦𝑅𝑅
𝑘𝑘𝑅𝑅

− 𝑐𝑐𝑅𝑅
𝑘𝑘𝑅𝑅

The dynamics of R&D labor is

𝑙̇𝑙𝐴𝐴𝑅𝑅
𝑙𝑙𝐴𝐴𝑅𝑅

= 1 − 𝑙𝑙𝐴𝐴𝑅𝑅
(1 − 𝛼𝛼)𝑙𝑙𝐴𝐴𝑅𝑅

{
(1 − 𝛼𝛼)𝑚𝑚𝑦𝑦𝑅𝑅

𝑘𝑘𝑅𝑅
− (1 − 𝛼𝛼)(

𝑦𝑦𝑅𝑅
𝑘𝑘𝑅𝑅

− 𝑐𝑐𝑅𝑅
𝑘𝑘𝑅𝑅 )

− [
(1 − 𝛼𝛼)(1 − 𝑚𝑚)(1 − 𝑙𝑙𝐴𝐴𝑅𝑅 )

𝛼𝛼𝛼𝛼𝐴𝐴𝑅𝑅
+ (1 − 𝛼𝛼)(1 − 𝑚𝑚) − 𝑚𝑚

𝑚𝑚 ] 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)𝑙𝑙𝐴𝐴𝑅𝑅

}
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The dynamics of goods and services output is

𝑦̇𝑦𝑅𝑅
𝑦𝑦𝑅𝑅

= (1 − 𝛼𝛼)(
𝑦𝑦𝑅𝑅
𝑘𝑘𝑅𝑅

− 𝑐𝑐𝑅𝑅
𝑘𝑘𝑅𝑅)

+ (1 − 𝛼𝛼)(1 − 𝑚𝑚)
𝑚𝑚 [𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)𝑙𝑙𝐴𝐴𝑅𝑅] − 𝛼𝛼 𝑙̇𝑙

𝐴𝐴
𝑅𝑅
𝑙𝑙𝐴𝐴𝑅𝑅

Stationary allocations: New variables 𝑐𝑐𝑅𝑅𝑥𝑥 ≡ 𝑐𝑐𝑅𝑅/𝑥𝑥𝑅𝑅, 𝑐𝑐𝑅𝑅𝑘𝑘 ≡ 𝑐𝑐𝑅𝑅/𝑘𝑘𝑅𝑅, and 𝑦𝑦𝑅𝑅
𝑘𝑘 ≡ 𝑦𝑦𝑅𝑅/𝑘𝑘𝑅𝑅 are

introduced to derive stationary allocations in the model with data acting as a single role. The

difference between the growth rate of consumption and the growth rate of data is

̇𝑐𝑐𝑅𝑅𝑥𝑥
𝑐𝑐𝑅𝑅𝑥𝑥

= 1
𝜎𝜎
[(1 − 𝛼𝛼)𝑚𝑚𝑚𝑚𝑅𝑅

𝑘𝑘 − 𝜌𝜌] − 𝜎𝜎 + 𝛾𝛾(1 − 𝜎𝜎)
𝜎𝜎

[𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)𝑐𝑐𝑅𝑅𝑥𝑥 − 𝛿𝛿],

The difference between the growth rate of consumption and the growth rate of capital is

̇𝑐𝑐𝑅𝑅𝑘𝑘
𝑐𝑐𝑅𝑅𝑘𝑘

= 1
𝜎𝜎
[(1 − 𝛼𝛼)𝑚𝑚𝑚𝑚𝑅𝑅

𝑘𝑘 − 𝜌𝜌] + 𝛾𝛾(𝜎𝜎 − 1)
𝜎𝜎

[𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)𝑐𝑐𝑥𝑥 − 𝛿𝛿] − (𝑦𝑦𝑅𝑅
𝑘𝑘 − 𝑐𝑐𝑅𝑅𝑘𝑘 ),

The difference between the growth rate of final output and the growth rate of capital is

̇𝑦𝑦𝑅𝑅
𝑘𝑘

𝑦𝑦𝑅𝑅
𝑘𝑘
= (1 − 𝛼𝛼)(1 − 𝑚𝑚)

𝑚𝑚 [𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)𝑙𝑙𝐴𝐴𝑅𝑅] − 𝛼𝛼 𝑙̇𝑙
𝐴𝐴

𝑙𝑙𝐴𝐴
− 𝛼𝛼(𝑦𝑦𝑅𝑅

𝑘𝑘 − 𝑐𝑐𝑅𝑅𝑘𝑘 )

The dynamics of R&D labor is

𝑙̇𝑙𝐴𝐴𝑅𝑅
𝑙𝑙𝐴𝐴𝑅𝑅

= 1 − 𝑙𝑙𝐴𝐴𝑅𝑅
(1 − 𝛼𝛼)𝑙𝑙𝐴𝐴𝑅𝑅

{
(1 − 𝛼𝛼)𝑚𝑚𝑚𝑚𝑅𝑅

𝑘𝑘 − (1 − 𝛼𝛼)(𝑦𝑦𝑅𝑅
𝑘𝑘 − 𝑐𝑐𝑅𝑅𝑘𝑘 )

}

− [
(1 − 𝛼𝛼)(1 − 𝑚𝑚)(1 − 𝑙𝑙𝐴𝐴𝑅𝑅 )

𝛼𝛼𝛼𝛼𝐴𝐴𝑅𝑅
+ (1 − 𝛼𝛼)(1 − 𝑚𝑚) − 𝑚𝑚

𝑚𝑚 ] 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)𝑙𝑙𝐴𝐴𝑅𝑅

}

The growth rate of technology progress is

𝐴̇𝐴𝑅𝑅

𝐴𝐴𝑅𝑅
= 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)𝑙𝑙𝐴𝐴𝑅𝑅

The stationary allocations {𝑐̄𝑐𝑅𝑅𝑥𝑥 , 𝑐̄𝑐𝑅𝑅𝑘𝑘 , 𝑦̄𝑦𝑅𝑅
𝑘𝑘 , 𝑙𝑙𝐴𝐴𝑅𝑅 , 𝑔̄𝑔𝑅𝑅

𝐴𝐴} of the dynamic equations can be obtained by

imposing 𝑐̇𝑐𝑅𝑅𝑥𝑥 /𝑐𝑐𝑅𝑅𝑥𝑥 = 0, 𝑐̇𝑐𝑅𝑅𝑘𝑘 /𝑐𝑐𝑅𝑅𝑘𝑘 = 0, 𝑦̇𝑦𝑅𝑅
𝑘𝑘 /𝑦𝑦𝑅𝑅

𝑘𝑘 = 0.
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Consumption per digital data:

𝑐̄𝑐𝑅𝑅𝑥𝑥 = 𝛿𝛿
𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)

+ (1 − 𝛼𝛼)𝑚𝑚 𝑚𝑚𝑚𝑅𝑅
𝑘𝑘 − 𝜌𝜌

𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)[𝜎𝜎 + 𝛾𝛾(1 − 𝜎𝜎)]

Consumption per capital:

𝑐̄𝑐𝑅𝑅𝑘𝑘 = 𝑦̄𝑦𝑅𝑅
𝑘𝑘 − (1 − 𝛼𝛼)𝑚𝑚 𝑚𝑚𝑚𝑅𝑅

𝑘𝑘 − 𝜌𝜌
𝜎𝜎 + 𝛾𝛾(1 − 𝜎𝜎)

Goods and services output per capital:

𝑦̄𝑦𝑅𝑅
𝑘𝑘 = 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)

(1 − 𝛼𝛼)𝑚𝑚 [
(1 − 𝛼𝛼)(1 − 𝑚𝑚)

𝛼𝛼
+ (1 − 𝛼𝛼)(1 − 𝑚𝑚)2 − 𝛼𝛼𝛼𝛼

𝛼𝛼𝛼𝛼
𝑙𝑙𝐴𝐴𝑅𝑅]

Labor in innovation production:

𝑙𝑙𝐴𝐴𝑅𝑅 = 𝛼𝛼𝛼𝛼
𝜃𝜃(1 − 𝛼𝛼)(1 − 𝑚𝑚)

(𝑦̄𝑦𝑅𝑅
𝑘𝑘 − 𝑐̄𝑐𝑅𝑅𝑘𝑘 )

Technological growth:

𝑔̄𝑔𝑅𝑅
𝐴𝐴 = 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)𝑙𝑙𝐴𝐴𝑅𝑅

Equilibrium variables in trade in goods with idea and data flows among symmetric coun-

tries are characterized completely by deriving the solution for final-output per capital: 𝑦̄𝑦𝑅𝑅
𝑘𝑘 .

Given the solution, all other steady state variables, consumption per digital data 𝑐̄𝑐𝐷𝐷𝑥𝑥 , consump-

tion per capital 𝑐̄𝑐𝑅𝑅𝑘𝑘 , R&D labor 𝑙𝑙𝑅𝑅𝐷𝐷 on the balanced growth path are determined across countries.

Single role of data. The equilibrium growth rate along the balanced growth path, denoted

by 𝑔̄𝑔∗
𝑅𝑅, is derived as:

𝑔𝑔𝑅𝑅∗ =
(1 + 𝑁𝑁𝑎𝑎)[𝜃𝜃(1 − 𝛼𝛼)𝑚𝑚(1 − 𝑚𝑚) + 2𝛼𝛼𝛼𝛼𝛼𝛼1/𝜁𝜁0] − 𝛼𝛼𝛼𝛼

𝛼𝛼[𝜁𝜁0 − (1 + 𝑁𝑁𝑎𝑎)𝜁𝜁1]

where 𝜁𝜁0 = 𝜎𝜎 + 𝛾𝛾(1 − 𝜎𝜎) and 𝜁𝜁1 = 𝛼𝛼𝛼𝛼−(1−𝛼𝛼)(1−𝑚𝑚)2
(1−𝛼𝛼)(1−𝑚𝑚) .

The growth rate 𝑔̄𝑔∗
𝑅𝑅 reveals straightforward relationships: stronger knowledge spillovers
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Consumption per digital data:

𝑐̄𝑐𝑅𝑅𝑥𝑥 = 𝛿𝛿
𝜇𝜇(1 + 𝜙𝜙𝜙𝜙)

+ (1 − 𝛼𝛼)𝑚𝑚 𝑚𝑚𝑚𝑅𝑅
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(1 − 𝛼𝛼)(1 − 𝑚𝑚)
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𝑙𝑙𝐴𝐴𝑅𝑅]

Labor in innovation production:

𝑙𝑙𝐴𝐴𝑅𝑅 = 𝛼𝛼𝛼𝛼
𝜃𝜃(1 − 𝛼𝛼)(1 − 𝑚𝑚)

(𝑦̄𝑦𝑅𝑅
𝑘𝑘 − 𝑐̄𝑐𝑅𝑅𝑘𝑘 )

Technological growth:

𝑔̄𝑔𝑅𝑅
𝐴𝐴 = 𝜃𝜃(1 + 𝑁𝑁𝑎𝑎)𝑙𝑙𝐴𝐴𝑅𝑅

Equilibrium variables in trade in goods with idea and data flows among symmetric coun-

tries are characterized completely by deriving the solution for final-output per capital: 𝑦̄𝑦𝑅𝑅
𝑘𝑘 .

Given the solution, all other steady state variables, consumption per digital data 𝑐̄𝑐𝐷𝐷𝑥𝑥 , consump-

tion per capital 𝑐̄𝑐𝑅𝑅𝑘𝑘 , R&D labor 𝑙𝑙𝑅𝑅𝐷𝐷 on the balanced growth path are determined across countries.

Single role of data. The equilibrium growth rate along the balanced growth path, denoted

by 𝑔̄𝑔∗
𝑅𝑅, is derived as:

𝑔𝑔𝑅𝑅∗ =
(1 + 𝑁𝑁𝑎𝑎)[𝜃𝜃(1 − 𝛼𝛼)𝑚𝑚(1 − 𝑚𝑚) + 2𝛼𝛼𝛼𝛼𝛼𝛼1/𝜁𝜁0] − 𝛼𝛼𝛼𝛼

𝛼𝛼[𝜁𝜁0 − (1 + 𝑁𝑁𝑎𝑎)𝜁𝜁1]

where 𝜁𝜁0 = 𝜎𝜎 + 𝛾𝛾(1 − 𝜎𝜎) and 𝜁𝜁1 = 𝛼𝛼𝛼𝛼−(1−𝛼𝛼)(1−𝑚𝑚)2
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result in a faster growth rate. A greater accessibility of cross-border data 𝜙𝜙 and a larger num-

ber of trading partners 𝑁𝑁 have no impact on economic growth. A larger number of trading

partners is meaningful through knowledge spillover 𝑁𝑁𝑎𝑎.

Corollary. 𝜕𝜕 𝜕𝜕𝜕∗𝑅𝑅
𝜕𝜕𝜕𝜕 = 0 𝑎𝑎𝑎𝑎𝑎𝑎 𝜕𝜕 𝜕𝜕𝜕∗𝑅𝑅

𝜕𝜕𝜕𝜕𝑎𝑎
> 0.

Proof. This follows directly from ̄𝑔𝑔∗
𝑅𝑅 .
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국문요약

이 논문에서는 디지털 데이터가 성장의 동력이자 프라이버시 위험의 원천이라는 

이중적 역할을 통합한 무역·성장 모형을 제시한다. 소비 활동에서 생성된 데이터는 

국가의 데이터 축적을 늘려 R&D 생산에 필수적이지만, 동시에 소비자 후생에는 부

정적 외부효과를 초래한다. 국경 간 데이터의 자유로운 흐름은 지식 파급과 무역 확

대를 통해 성장을 촉진하지만, 엄격한 규제는 성장 억제와 후생 개선이라는 상충 효

과를 낳는다. 성장과 후생의 상충 관계를 완화하기 위해, 데이터 현지화에 관한 규

제 비용을 낮추고자 노력하고 데이터의 자유로운 이동과 지식 공유를 촉진하는 디

지털 무역협정을 추진해야 한다.

핵심용어: �무역, 성장, 디지털 데이터, 프라이버시, 데이터 규제



<책임>

이규엽
미국 Michigan State University 경제학 박사

前 미국 Michigan State University 경제학과 Instructor

대외경제정책연구원 무역통상안보실 신통상전략팀장

(現, E-mail: kylee@kiep.go.kr)

저서 및 논문

『클라우드 서비스 해외투자 동향과 국내 규제 분석』(공저, 2023)

『디지털 통상규범의 경제적 효과 추정에 관한 연구』(공저, 2023) 외



 

 

 

 

 

 

 

List of Working Papers (2020-2025) 

A List of all KIEP publications is available at: http://www.kiep.go.kr 

25-01 
 

25-02 

 

25-03 

 

24-01 

 

24-02 

 
 

23-01 

 

23-02 

 

23-03 

 

23-04 

 

23-05 

 

 

22-01 

 

 
 

2025 

 

 

 

 

 
 

2024 

 

 
 
 

2023 

 

 

 

 

 

 

 

 

 

 

 

2022 

 
 

 
 

 

Birth Control and Growth: The Role of Culture 
Minhyeon Jeong, Nam Seok Kim, and Wongi Kim 

Trade and Growth with Digital Data 
Kyu Yub Lee 

Online Leisure Activity and Digital Platforms in an Open Economy 
Jiheum Yeon and Xiaohan Zhang 

 

The Recent Rise of the Far Right and Voters’ Anti-Refugee 
Attitudes in Europe 

Yoonjung Kim and Nam Seok Kim 

The Impact of EU Enlargement and Brexit on International 
Migration  

Yoonjung Kim and Young Jun Lee 

 

An Analysis on the Regional Integration of Northeast Asia by 
Developing NARCI (Northeast Asia Regional Cooperation Index)  

Jiyoung Moon, Jehoon Park, and Sung-Hoon Park 

Resilience of Faith: Post-Covid Religious Trends and the Effect 
of Ecclesiastical Policy in the United States 

Angela Cools, Carlos Esparza, SJ, and Jiwon Park 

Industrial Policy, Rise of Skilled Labor, and Firm Growth in the 
Early Stage of Economic Development 

 Sunghun Cho and Jaehyung Kim 

The Relationship between COVID-19 Entry Restrictions and 
Immigration 

Youngook Jang and Donghee Joe 

Individualism and Political Stability 
Minhyeon Jeong and Wongi Kim 

 

COVID-19 and the Health of Banking Sector in Japan and South 
Korea: A Comparative Study 

Munim Kumar Barai 
 
 



21-01 
 

21-02 

 

20-01 

 

20-02 
 

20-03 

  

 

20-04 

 

 

20-05 

 
 

 

2021 

 

 

 
2020 

 
 

 
 

 

 
 

 

 

 

Consumer Responses to Price Shocks of Wine Imports in Korea 
Chul Chung, Min-chirl Chung, and Bonggeun Kim 

A Theoretical Approach to Evaluating Global Vaccination Plans 
Youngseok Park and Sangjun Yea 

 

Trump Tariff and Firm Relief: Winners and Losers from Steel Tariff 
Exclusion Request 

Yeo Joon Yoon and Wongi Kim 

Global Financial Imbalance: Firm-level Evidence from Korea 
Tae Soo Kang, Kyunghun Kim, and Yuri Kim 

Defined Contribution Funded Social Security and Labor Supply: 
Focus on Mexican Social Security Reform in 1997 

Sungwoo Hong 

Bargaining and War: On the Existence of Communication 

Equilibrium in Conflict Games  

Youngseok Park and Colin Campbell 

Determinants of Korean Outward Foreign Direct Investment: 

How do Korean firms respond to the labor costs of host countries? 
Hanbyul Ryu and Young Sik Jeong 

 
 

 



Founded in 1989, the Korea Institute for International Economic Policy 
(KIEP) is a government-funded research institute established to conduct studies, 
research and analyses of global economic issues that impact the Korean economy, 
and to help guide the nation toward effective international economic policies.

KIEP is responding to recent developments in the global economy, conducting 
a wide range of research projects that will offer significant implications for the 
government’s New Northern and New Southern policies, a new trade policy 
regime that aims to support inclusive growth, and international macro-financial 
initiatives in line with the unfolding 4th Industrial Revolution. 

We are committed to introducing policies that can elevate the nation’s 
capacities for innovative growth, and to promote international discourse on issues 
that impact the global community, as we ensure that KIEP remains an influential 
global think tank that leads the formulation of international economic policies.

Since its founding, KIEP has conducted insightful studies on newly emerging 
economies and global regions, and has dedicated itself to the development of trade 
negotiations and national agendas.

KIEP will continue its policy research on global and regional economies, 
trade investment and international macro-finance, with the aim of contributing to 
sustainable growth as a responsible research institute, and establishing itself as a 
nationally reliable institute through the dedicated efforts of all KIEP members.

East Asian 
Economic Review

TOPICS COVERED 
Our primary focus lies on issues relevant to the diverse 
economies of East Asia. Specific areas of interest 
include, but are not limited to:
• Trade and International Investment  
• Economic Integration  
• Regional Economic Cooperation  
• International Finance  
• International Development  
• International Cooperation for Korean Unification.

EAER Abstracting and Indexing Services
The East Asian Economic Review is indexed and 
abstracted in EconLit, e-JEL, JEL on CD, OCLC 
WorldCat, ProQuest, Google Scholar, ECONIS, EconBiz, 
EBSCO, British Library, SSRN, RePEc, Emerging 
Sources Citation Index (ESCI), Directory of Open Access 
Scholarly Resource (ROAD), DOAJ and registered to 
Ulrichsweb, ITS · MARC, CrossRef, ORCiD, SHERPA/
RoMEO, Korea Citation Index, Think-Asia, Microsoft 
Academic, Dow Jones Factiva, Dimensions, 1findr, Scilit, 
Lens, Lexis Advance and OpenAIRE. 

Call for Papers for the

With great pleasure, the East Asian Economic Review 
is welcoming submissions.

ww
w.ea

erw
eb.o

rg

NOTE FOR AUTHORS  
SUBMISSION GUIDELINE:

Refer to our website www.eaerweb.org
and Click “Submission” menu at the top of  
the main page.

SUBMISSION DEADLINE:

The Journal is published every March, June,  
September and December of each year and  
submissions are accepted for review on an ongoing 
basis.

REVIEW PROCESS:

We have introduced a “fast-track” system, which 
takes four to five weeks on average from submission 
to the first round review in order to provide quick and 
authoritative decisions to the authors. In general, 
the Journal’s manuscript decision process includes 
submission, editorial decision on whether the paper 
should be reviewed, peer review, decisions after review, 
revision, acceptance in principle, final submission and 
acceptance, proofs, advance online publication, and  
print publication.

For further information regarding submission,
Contact EAER Editorial Office:
[30147] 3rd Floor, Building C, Sejong National Research 
Complex, 370 Sicheong-daero, Sejong-si, Korea 
Tel: 82-44-414-1213 
Email: eaer@kiep.go.kr
Website: www.eaerweb.org

AWARD FOR EAER 
The East Asian Economic Review Award is given to 
articles that have made exemplary contributions to 
advance the public as well as academic understanding 
of international economics. Every article published in 
the Journal is given an honorarium of USD 2,000; and 
nominations for the outstanding and noteworthy articles 
include USD 4,000 prize and a detailed nomination 
statement describing how the selected papers 
have contributed to the knowledge of international 
economics.



KIEP Working Paper 25-02

Trade and Growth with Digital Data

This new model redefines trade and growth by integrating digital data's dual role as a growth 
driver and privacy risk, revealing a core trade-off requiring deep digital trade agreements and 
opposition to data localization.

Kyu Yub Lee

Building C, Sejong National Research Complex, 370, Sicheong-daero, Sejong-si, Korea
Tel. 82-44-414-1213  Fax. 82-44-414-1144
www.kiep.go.kr

ISBN �978-89-322-4312-2	
978-89-322-4026-8(set)

Price USD 3

Trad
e
 an

d
 G

ro
w

th
 w

ith
 D

ig
ital D

ata
K

yu
 Y

u
b
 L

e
e

K
IE

P
 W

o
rkin

g
 P

ap
e
r 2

5
-
0
2

KIEP Working Paper 25-02

Trade and Growth with Digital Data

Kyu Yub Lee


	Executive Summary
	1 Introduction
	2 The model
	3. Quantitative analysis
	4 Conclusion
	Appendix
	References



