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Abstract

This study investigates the achievability of digital sovereignty within the European Union
by examining website data flows, mainly focusing on non-personal data. Amid growing
concerns over data governance and the resurgence of digital sovereignty as a central theme
in EU policies, this research uniquely addresses firms’ data storage decisions and their
implications for EU users. Utilizing an original dataset of the most visited websites in
France, this paper analyzes data location preferences across various sectors, revealing a
complex interplay between privacy regulations, firm size, sector-specific tendencies, and
the underlying internet infrastructure. The findings suggest that firms prioritize data storage
in countries with strong privacy regulations and tend to locate data closer to consumers to
minimize latency. However, variations are observed based on sector-specific needs and firm
size, with larger and tech-oriented firms showing less sensitivity to distance. The study
also highlights the significant role of the Internet’s backbone infrastructure in shaping data
storage strategies, pointing to potential challenges in aligning with digital sovereignty goals.
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1 Introduction

This paper examines the concept of digital sovereignty within the European Union, detailing
the intricate landscape of website data flows and their implications for autonomy over digital
information. By investigating how these data flows operate, the study aims to identify the
challenges and opportunities associated with establishing greater control over digital assets in
the EU. In the context of EU policies and data regulations, digital sovereignty has resurfaced
as a central theme, drawing attention to data governance dynamics. Though it might appear
novel, its roots trace back to historical EU data protection laws crafted to address concerns
about information control. Digital sovereignty denotes Europe’s capacity for autonomous action
within the digital sphere. It encompasses defensive measures and proactive strategies aimed at
promoting digital innovation, including collaboration with companies outside the EU (Madiega,
2020). Digital sovereignty is resurging with a focus on securing data governance, boosting EU
tech sectors, and enforcing stringent regulations (Madiega, 2020). The crux lies in the EU’s
ability to regulate according to its values and rules, fostering a digital sovereignty space that
stretches beyond data privacy to encompass various technological domains.

Although the market for personal data and its regulation has attracted considerable academic
attention, there is a lack of focus on non-personal data flows and their significance in the
European Union’s quest for digital sovereignty. In this article, we aim to address this gap by
posing the following questions. How do firms decide where to store their data for EU users?
Do data storage strategies differ according to the type of data? How do different origin firms
vary in terms of storage decisions? Does the current state of the Internet’s backbone allow for
a successful EU digital sovereignty? Our findings show that all firms tend to get as close to the
consumer as possible in order to reduce latency. However, different sectors and firms of different
sizes rely on the Internet’s backbone on different levels. In addition, heavier and high-priority
data tend to be stored closer to the consumer. Hence, certain data flows could be contained
within Europe in this context. Nonetheless, Intenet’s backbone infrastructure could be more
difficult to fit within the sovereignty requirements.

Digital sovereignty in the European Union encapsulates a strategic response to the challenges

of data governance, cybersecurity, and the preservation of autonomy in the face of technological



interdependence.! Initiatives to assert this sovereignty began with the Data Protection Direc-
tive?> (Directive 95/46/EC adopted in 1995), which set the early framework for data privacy
and protection across the continent. This directive laid the groundwork for the General Data
Protection Regulation® (GDPR), which further empowers individuals with greater control over
their personal data and serves as a foundational element shaping the region’s digital governance
framework. Furthermore, the Free Flow of Non-Personal Data Regulation* complements GDPR
by ensuring the seamless movement of non-personal data across the EU, thus reinforcing digital
sovereignty by eliminating data localization restrictions. This regulation is vital for a crucial
approach to data mobility, enabling businesses and services to operate more efficiently across
national borders. Moreover, the Cybersecurity Act’ is crucial in fortifying Europe’s digital
sovereignty by establishing a cybersecurity certification framework for digital products, ser-
vices, and processes. By enhancing digital infrastructure security and increasing trust in digital
solutions, this act supports Europe’s strategic autonomy in the digital domain. Atits core, digital
sovereignty in Europe involves the quest for greater control over data storage, processing, and
flow within national boundaries. After the Schrems II° ruling in July 2020 declaring the Privacy

Shield invalid, a second version’

was adopted on July 10, 2023, aiming to accentuate further
the importance of scrutinizing cross-border data transfers, compelling a reevaluation of data

protection mechanisms and adequacy standards. In addition, the Data Act® and the Data Gover-

1Digital sovereignty for Europe. Available at: https://www.europarl.europa.eu/RegData/etudes/BR
IE/2020/651992/EPRS_BRI(2020)651992_EN.pdf, last accessed December 8, 2023.

Directive 95/46/EC of the European Parliament and of the Council of 24 October 1995 on the protection
of individuals with regard to the processing of personal data and on the free movement of such data. Available
at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A31995L0046, last accessed
December 8, 2023.

3General Data Protection Regulation GDPR. Available at: https://gdpr-info.eu/, last accessed December
8, 2023.

“Regulation (EU) 2018/1807 of the European Parliament and of the Council of 14 November 2018 on a
framework for the free flow of non-personal data in the European Union (Text with EEA relevance.). Available at:
https://eur-lex.europa.eu/eli/reg/2018/1807/0j, last accessed December 8, 2023.

SRegulation (EU) 2019/881 of the European Parliament and of the Council of 17 April 2019 on ENISA
(the European Union Agency for Cybersecurity) and on information and communications technology cybersecurity
certification and repealing Regulation (EU) No 526/2013 (Cybersecurity Act) (Text with EEA relevance). Available
at: https://eur-lex.europa.eu/eli/reg/2019/881/0j, last accessed December 8, 2023.

®The CJEU judgment in the Schrems II case. Available at: https://www.europarl.europa.eu/RegData
/etudes/ATAG/2020/652073/EPRS_ATA(2020)652073_EN.pdf, last accessed December 8, 2023.

TEU-US data transfers. Available at: https://commission.europa.eu/law/law-topic/data-protect
ion/international-dimension-data-protection/eu-us-data-transfers_en, last accessed December
8,2023.

8Data Act. Available at: https://digital-strategy.ec.europa.eu/en/policies/data-act, last
accessed December 8, 2023.
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nance Act’ focus on enabling data to move freely within the internal market and maximize the
value of data in the economy. As the European Union navigates the intricacies of interconnected
digital services and platforms, legislative initiatives such as the Digital Markets Act (DMA)!°
and the Digital Services Act (DSA)!! are poised to redefine the regulatory landscape, addressing
challenges associated with data flows and setting the stage for a more secure and competitive
digital environment.

In order to obtain information on the location of the server where the data is stored, we
collect monthly data flows for the most visited websites from French users for 13 months, from
November 2022 to November 2023. This list includes websites headquartered in France and
abroad. We simulate a French user by visiting the first page of each website from Paris, France,
and intercepting the data flow for each piece of data on the webpage.!? Our dataset includes 341
websites headquartered in 32 countries, leading to 265,031 transactions. We define the origin
of the website from the location of their headquarters. Websites are spread across 23 categories,
such as e-commerce and shopping, and science and education. The data collection shows that
the data is stored in 22 countries worldwide.

We are able to identify the location where each piece of data included in a given webpage is
stored. Each website contains different types of data, such as text, media, or applications, that
can be their own property or that of an external provider (such as web analytics or image banks).
We consider the geographic distance from the consumer’s location (Paris, France) to the data
storage location as the primary explicatory variable to the choice of data centers. Our results
show that data owned by an external provider is less distance-sensitive. This could be due to
firm size; external providers are mainly large firms with several data center collaborations, so it
is less costly to replicate the data and locate it as close to the consumer as possible. Due to the
heterogeneity in firm size, the results remain valid when considering website size.'?

As we are interested in studying the location choice for data storage focusing on data

European Data Governance Act. Available at: https://digital-strategy.ec.europa.eu/en/polici
es/data-governance-act, last accessed December 8, 2023.

10The Digital Markets Act. Available at: https://digital-markets-act.ec.europa.eu/index_en, last
accessed December 8, 2023.

""The Digital Services Act package. Available at: https://digital-strategy.ec.europa.eu/en/poli
cies/digital-services-act-package, last accessed December 8, 2023.

12The flow of the request and response for each piece of data is called a transaction.

13We can approximate the website’s size thanks to the Alexa ranking.
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flows between the customer of the website and the data center, we apply a Poisson pseudo-
likelihood regression model with multiple levels of fixed effects to evaluate the choice of data
storage location made by Internet firms. Initially, data centers built takes into account many
conditions, including data regulation (?). Likewise, data location implies security and privacy
issues (Goldfarb and Trefler, 2018) that we attempt to control. Even though we are able to
consider several controls and fixed effects, we might be unable to avoid identification issues. We
collect the data monthly for the same websites, which should lead to the same storage location
each month as we do not change the visiting location. However, we observe a variation in
storage location for the same piece of data. This can be due to several reasons. First, high
traffic toward the same server (DNS) requires the DNS load balancing procedure to distribute
incoming network traffic or computing workload across multiple servers or resources to ensure
optimal utilization, minimize response times, and prevent overload on any single server (Aversa
and Bestavros, 2000; Hong et al., 2006). Second, different types of incidents, such as submarine
cables or data center issues, can lead to the unavailability of the usual route (Hawkins et al., 2000;
Javaraiah, 2011). For instance, a fire in one of the OVH data centers in 2021, broken undersea
cables in Africa,!® and damaged ones in the Baltic Sea!® in 2023. Under such conditions, a
secondary backup data center or cables are used mainly in locations different from the initial
ones.

This work builds upon prior literature and contributes to three streams of literature. Firstly,
we build upon the scarce literature on digital sovereignty, which has recently highlighted the
increasing relevance of this concept in economic and managerial contexts, particularly with the
rise of decentralized technologies and data governance frameworks. Heess et al. (2025) propose a
multi-agent approach for secure information flows in decentralized energy systems, emphasizing
self-sovereign identities and zero-knowledge proofs as enablers of digital sovereignty in energy

markets. Similarly, Hulko et al. (2025) analyze how the European Union’s legislation, including

14Millions of websites offline after fire at French cloud services firm. Available at: https://www.reuters.
com/article/idUSKBN2B2ONT/, last accessed December 8, 2023.

ISMajor African Internet connections disrupted as two vital undersea cables fail. Available at: https:
//dig.watch/updates/major-african-internet-connections-disrupted-as-two-vital-underse
a-cables-fail, last accessed December 8, 2023.

16Sweden investigating damage to Baltic undersea cable. Available at: https://www.bbc.com/news/world
-europe-67138269, last accessed December 8, 2023.
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the Digital Markets Act and the Digital Service Act, shapes digital sovereignty policies and
geopolitical and economic crises. Meanwhile, Kaur (2025) discusses India’s shift towards digital
sovereignty through data localization laws and the implications of the Digital Personal Data
Protection Bill on economic competitiveness. Jamshed et al. (2025) propose a blockchain-based
identity management framework to reinforce data sovereignty and security within digital asset
management and [oT applications. Additionally, Babkin and Shkarupeta (2024) explore the role
of technological sovereignty in the evolving data economy, advocating for multi-agent systems
to drive economic and industrial transformation. Further, Fang et al. (2024) examine privacy-
enhanced distributed identity management systems, demonstrating how self-sovereign identity
frameworks can enhance user control over digital identities in cloud computing environments.
Digital goods, such as data, are bound to be traded and subject to international exchange. Even
though digital trade has transportation and search costs as well as almost null traditional barriers,
it is impacted by distance, similarly to traditional goods trade (Blum and Goldfarb, 2006). In
addition, Goldfarb and Trefler (2018) and Sun and Trefler (2023) look at the transformative
impact of Al on international trade in digital goods and services. This impact is highly relevant
to economies of scale, knowledge externalities, and the need for nuanced regulations to navigate
this evolving landscape. Data flows raise questions on technology sovereignty. Edler et al.
(2020) define technology sovereignty as the ability of a country to provide the technologies it
deems critical for its welfare, competitiveness, and ability to act and to develop these or source
them from other economic areas without one-sided structural dependency. While EU digital
sovereignty efforts emphasize stricter regulations to encourage local data storage, economic
incentives play a key role in shaping firm behavior. Studies on access regulation in network
industries suggest that setting lower access barriers can delay infrastructure investment, as firms
find it more cost-effective to rely on existing systems rather than build independent networks
(Bourreau et al., 2014). Data centers can be located worldwide, resulting in different location
options at different price points for international clients. This scenario results in country
interdependence frameworks presenting the close relationship between geopolitical risks and
technology (Khan et al., 2022; da Ponte et al., 2023; Edler et al., 2020). We contribute to

this work by highlighting the role of website data flows specifically for EU users in digital



sovereignty.

The second stream of literature is related to cloud industries. A study by Brynjolfsson and
McElheran (2016) finds that cloud computing adoption positively impacts firm productivity,
with companies that adopt cloud technology experiencing an increase in output and revenue
growth. Another study by Melville et al. (2004) finds that cloud computing adoption leads to
higher IT flexibility, which results in higher business agility and productivity. Nevertheless,
the impact of cloud usage on firms is unequal in size. In addition, studies do not necessarily
agree on their findings. On the one hand, Jin and McElheran (2017) argue that older firms
show a deficient level of benefit from IT services, whereas young firms benefit more in survival,
growth, and performance. Similarly, Khayer et al. (2020) explore the factors that influence the
adoption of cloud computing in small and medium enterprises (SMEs) and investigate how cloud
adoption affects SMEs’ performance. The study uses a dual-stage analytical approach combining
structural equation modeling and artificial neural networks. Itidentifies several critical predictors
of cloud adoption, including relative advantage, service quality, and top management support.
The study also confirms the positive impact of cloud adoption on firm performance and suggests
that managerial actions should focus on improving perceived risk, relative advantage, and top
management support. Similarly, while focusing on SMEs, Khayer et al. (2021) find that cloud
adoption positively influences firm performance directly and through organizational agility.
On the other hand, a study using the 2018 Annual Business Survey (ABS) conducted by the
US Census Bureau and the National Center for Science and Engineering Statistics (NCSES)
shows that the adoption of advanced technologies is rare and skewed towards larger and older
firms, while digitization and some use of cloud computing are widespread (Zolas et al., 2021).
Furthermore, the DeStefano et al. (2020) investigates the effect of cloud computing on firms
through the lens of geographic organization. Their results show an impact on incumbent firms by
decentralizing their organizations and increasing their geographic spread. However, they do not
find similar results in young firms. Nevertheless, Haug et al. (2016) highlight the importance of
analyzing the effects of cloud computing at the industry level, the type of output firms produce,
and the market in which they operate. For instance, by using a value relevance model, a study

finds that an unanticipated increase in the share of a firm’s revenues from cloud computing



has a positive effect on excess stock returns and a negative effect on idiosyncratic risk (Nezami
et al., 2022). Yet, the effects vary depending on market structures and firms, with increases in
market maturity intensifying the positive effect of moving to the cloud on excess stock returns
and increases in advertising intensity strengthening the negative effect of shifting to the cloud
on idiosyncratic risk. Cloud computing is transforming the digital economy, creating new
challenges related to market concentration, interoperability, and data governance. While firms
and policymakers increasingly focus on digital sovereignty, the economic literature on cloud
computing remains relatively sparse, as highlighted by Crémer et al. (2024), who emphasize
the need for further research into its competitive dynamics and policy implications. Our paper
extends this analysis by studying cloud usage in the website market, specifically which categories
are more prone to use cloud storage rather than on-premise technologies.

The third stream of literature focuses on firm location decisions and, specifically, data
storage location. On the one hand, data center providers base the decision of location choice
on multiple criteria such as the population, qualified labor, home values, land prices, climate
conditions, and electricity prices (?). This choice can also be based on other factors such as
historical factors (proximity of the headquarters with the first data center providers), power and
fiber network (types of energy, fiber grid, proximity to undersea cables and Internet Exchange
Points), and governmental policies (incentives, tax exemption). Similar to telecommunications
network investments, data storage decisions depend on both regulatory constraints and economic
incentives. As Bourreau et al. (2014) illustrate, regulatory interventions must carefully balance
access conditions with long-term investment incentives to avoid excessive reliance on existing
infrastructures. On the other hand, firms build strategies for choosing the best location for their
needs, whether dealing with personal or website data. Contrary to common belief, Blum and
Goldfarb (2006) find that digital goods such as data are not free of trade costs. Hence, data
localization greatly impacts cost constraints, privacy, and security issues (Goldfarb and Trefler,
2018). In addition, itimplies direct and significant effects on cross-border data flows (Svantesson,
2020). n this context, Wang et al. (2025) employ a Negative Binomial model to examine the
spatial distribution of digital enterprises, showing that firms cluster in regions with strong digital

infrastructure, market accessibility, and agglomeration economies. Their findings suggest that



digital firms’ location choices are shaped by a mix of economic and technological factors,
reinforcing the importance of digital infrastructure and connectivity in shaping firm behavior.
The literature has documented this question from a personal data perspective. Rochelandet and
Tai (2016) study Internet firms and show that the stricter the regulation of a country regarding
data collection, the less attractive it is for firms to locate their businesses. However, to our
knowledge, there is limited academic inquiry on website data flows. Our paper builds on this
literature by trying to uncover the storage location decisions for Internet firms.

Our results show that the distance of the website customer to the data storage location is
negatively associated with the choice of location. Furthermore, large and tech firms are less
sensitive about distance. In terms of type of data, large and high-priority data are stored closer
to the consumer to offer the shortest latency. Even though 68% of the websites are from the EU,
the infrastructure of the Internet’s backbone is dominated by US firms. These findings suggest
that digital sovereignty has favorable ground regarding website data storage but less regarding
infrastructure elements.

The rest of this chapter is structured as follows. Section 2 describes the Internet’s backbone
infrastructure. Section 3 presents the data sources. Section 4 presents the dataset and variables
of interest. Section 5 depicts the empirical specification used throughout the study and the main

results. Section 6 supports the results through robustness checks, and Section 7 concludes.

2 Internet’s Backbone Infrastructure

The Internet backbone is a critical component of global communication infrastructure, compris-
ing a network of high-capacity data routes and core routers that interconnect various large-scale
networks. These backbones are typically fiber optic lines that span significant distances and are
capable of carrying large amounts of data. This “network of networks” has seen considerable
evolution, especially in its relationship with urban hierarchies and the expansion of fiber-optic
technologies. Malecki (2002) highlights the emergence of the Internet as a defining technology
of the 21st century, emphasizing its rapid development and its impact on urban areas. The
Internet backbone has shown a clear bias towards world cities, serving as critical hubs in the

global network (Malecki, 2002). O’Kelly and Grubesic (2002) provide insight into the spatial
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organization of commercial internet backbones, which reflects a competitive, privatized market
for service provision. Their work underscores the importance of the backbone’s infrastructure in
facilitating digital information transport across locations. Grubesic and O’Kelly (2002) further
explore the accessibility of commercial Internet services, focusing on the role of fiber-optic
backbone points of presence (POPs) established by internet service providers. They highlight
how larger metropolitan areas maintain dominant shares of telecom infrastructure, which influ-
ences the accessibility of various regions. Knieps (2003) discusses the periphery of the Internet
and the provision of Internet services, particularly focusing on Internet access and the backbone.
This paper sheds light on the evolving dynamics of internet access technologies and the internet
backbone’s role in this context. Riezenman (2001) addresses the increasing traffic on the internet
backbone and the adoption of new technologies to enhance the capacity of fiber-optic systems.
This work is crucial in understanding how the backbone infrastructure has adapted to the grow-
ing demands of Internet usage. Lastly, Labovitz et al. (1999) provide an experimental study on
the stability of major internet paths and backbone failures, offering valuable insights into the
reliability and performance of the Internet backbone. The Internet backbone is an intricate and
dynamic system, crucial for global connectivity and digital information flow. Its development
and management have been influenced by various factors, including technological advances,
market competition, and urban development.

The seamless flow of data across the Internet’s backbone is critical. This infrastructure,
comprising interconnected components such as fiber-optic cables, hosts, routing equipment,
network nodes, Internet Service Providers (ISP) organizations, data centers, and end-users,
forms the bedrock of the Internet backbone. The backbone’s foundation is its extensive network
of fiber-optic cables, vital for high-speed data transfer. These cables are intricately connected
through a sophisticated array of routers and switches. O’Kelly and Grubesic (2002) provide
a detailed examination of the spatial organization and accessibility of commercial fiber-optic
backbones, a crucial element in understanding the backbone’s capacity for digital information
transport. Additionally, Sengupta et al. (2003) discuss the architecture of optical backbones,
emphasizing the importance of scalable and flexible interconnections in core IP networks. Data

centers are integral to the backbone, hosting server farms for services like cloud computing and
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web hosting. Their strategic placement is vital for minimizing latency. Network nodes, partic-
ularly internet exchange points (IXPs), manage the routing of data across networks. Grubesic
and O’Kelly (2002) delve into the role of fiber-optic backbone points of presence (POPs) in
enhancing the accessibility of cities to the Internet, highlighting how these nodes facilitate traf-
fic management and data accessibility. ISPs are crucial in connecting users to the backbone,
managing the delivery of data from end to end. Host organizations, such as corporations and aca-
demic institutions, often maintain their dedicated network infrastructures. Castillo-Velazquez
and Delgado-Villegas (2020) highlight the critical role of ISPs in backbone network services,
pointing out the complexities involved in managing such networks. The backbone’s resilience
and security are paramount. Guven et al. (2019) examine the vulnerabilities in backbone infras-
tructure, emphasizing the importance of robust security measures to safeguard against threats.
Furthermore, the work of Markopoulou et al. (2008) offers an analysis of failures in an oper-
ational IP backbone network, underlining the necessity for reliable infrastructures to maintain

internet dependability.

3 Data Collection

We rely on website and Internet traffic data to study the factors impacting firms’ decisions
on data storage. This paper collects data on websites in France using a combination of data
collection and open-source methods. The dataset comprises three sources: website-related data,
transaction-related data, and country-related data.

The first data source is website-related data collected in November 2019 through data
collection or open-source methods. The dataset includes the website category from SimilarWeb.
The Alexa website provides audience measurement information such as the ranking for French
users, daily page views per visitor, daily time spent on the website, and the traffic rate from
search and ranking.!” Moreover, to determine the website’s origin, we collect the city and
country location of the headquarters for each website.

The second data source comes from a data collection process based on the Alexa ranking

7The Alexa ranking has no longer been available since May 2022.
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of the most visited websites from France.!® Based on these websites, we run a monthly data
collection process from November 2022 to November 2023 consisting of interception data flows.
For every website, we visit its first page from Paris, France, to simulate an EU user and stay
for 30 seconds to avoid uploading issues. Each transaction consists of a request and a response
stage. The data collection program specifically intercepts each transaction’s request and response
stages. These two stages bear all the information and code needed to display a website. Through
intercepting data flows, we can distinguish different types of data (objects) relative to every
transaction, such as the code of the website itself, image, text, advertising plug-in, fonts, etc.
Appendix A shows an example of a website and the data it contains. Moreover, the data collection
provides information such as the owner of the transaction, which can be the website itself, an
advertiser, a music bank, or an image bank. In addition, we collect all the information relative
to the request and response content, providing our dataset with the specificities of each object,
such as the domain name, the uploading (the time between the request and response stage) time,
internet service provider (ISP), the organization as well as all data on the storage location as the
city, country, zip code, latitude, longitude.

The third source of data is country-related data. We collect open-access data relative to the
country, such as the number and location of Internet exchange points (IXP) from the World Bank
Group,'? privacy regulation from the Commission Nationale de 1’Informatique et des Libertés
(CNIL),? and profit taxes from Trading Economics.?!

To ensure the validity of the dataset, we dropped all websites with under 13 transactions
(corresponding to the lower percentile) and those that gave inconclusive responses as we con-
sidered that the data collection had not worked or the website had not uploaded correctly. In
addition, the websites for which the geographic location could not be determined or for which
other information from the data collection was missing are dropped. This gives a total of 341

websites and 265,031 observations.

18The list of the websites is presented in Appendix B

Onternet Exchange Points. Available at: https://datacatalog.worldbank.org/search/dataset/003
7932, last accessed January 15, 2023.

20Data protection around the world. Available at: https://www.cnil.fr/en/data-protection-aroun
d-the-world, last accessed January 15, 2023.

2ITaxes On Income, Profits And Capital Gains (% Of Revenue) By Country. Available at: https://tradin
geconomics.com/country-list/taxes-on-income-profits-and-capital-gains-percent-of-rev
enue-wb-data.html, last accessed January 15, 2023.
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4 Description of the Dataset

The dataset includes data on the countries where data comes from, such as privacy regulation,
political stability, sales tax, and the number of Internet Exchange Points (IXPs). In addition, we
have website-related data such as the category, the website’s headquarters location, and ranking.
Last, we cover information on the data type (media content, application, or text), the uploading

time, and the data’s owner for each transaction.

4.1 Website Data

22 such as Art and

The 341 websites of the dataset are listed under 23 different categories
Entertainment, News and Media, Finance, etc. Table 1 shows the distribution of websites and
transactions across the categories, and Table 15 in Appendix B lists the sample of websites used
in the study for each category. Furthermore, by identifying the location of the headquarters for
each website, we define their origin. Headquarters are located in 32 countries with 196 websites
from France, 63 from the USA, 16 from Russia, and 66 from other countries. Table 2 shows

the distribution of websites and transactions according to the headquarters locations and Table

3 shows the distribution of the transactions between EU and US websites.

4.2 Transaction’s Location

The dependent variable, Transaction’s location, measures the number of transactions of a given
category coming from the same country, meaning the number of pieces of data stored in the
same country. By intercepting data flows, we can pinpoint the exact location through transaction
information such as the city, country, longitude, and latitude. Table 4 presents the descriptive
statistics for this variable, showing that on average 475.72 pieces of data are stored in the same
country. However, the data for transaction locations are widely dispersed, with considerable
variation among individual observations.

We find thus data coming from 22 countries and 233 cities. Figure 1 depicts the distribution

of the transactions across countries and Figure 2 the statistical distribution of the dependent

22Website category data comes from SimilarWeb.
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Websites Transactions

Adult 10 11,689
Arts and Entertainment 38 25,103
Business and Consumer Services 9 7,201
Community and Society 1 444
Computers Electronics and Technology 68 43,839
E-commerce and Shopping 16 26,734
Finance 22 17,006
Food and Drink 11 8,171
Gambling 2 2,058
Games 15 11,968
Health 6 4,516
Heavy Industry and Engineering 3 2,178
Home and Garden 7 5,770
Jobs and Career 4 2,932
Law and Government 10 8,346
Lifestyle 9 6,920
News and Media 27 18,687
Pets and Animals 2 2,490
Reference Materials 13 9,376
Science and Education 49 35,297
Sports 6 6,113
Travel and Tourism 6 4,346
Vehicles 4 3,847
Total 341 265,031

Table 1: Distribution of websites and transactions over the categories

variable.

Figure 1: Storage location of the transactions (the legend depicts the number of transactions).
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Websites Transactions

Armenia 1 2,635
Belgium 1 1,178
Canada 1 1,299
China 6 6,438
Cyprus 4 2,985
Czech Republic 1 1,214
Cote d’Ivoire 1 759
Denmark 1 983
France 196 146,249
Georgia 1 391
Germany 5 2,767
Iran 7 4,579
Israel 1 370
Italy 1 880
Lithuania 1 1,035
Luxembourg 2 544
Malta 1 1,748
Mexico 1 747
Morocco 1 928
Netherlands 5 3,721
Norway 1 1,160
Poland 1 373
Russia 16 15,719
Saudi Arabia 1 1,231
Singapore 1 971
South Korea 1 1,178
Spain 4 3,150
Sweden 2 1,374
Switzerland 5 2,013
USA 63 45,441
Ukraine 1 1,206
United Kingdom 7 9,765
Total 341 265,031

Table 2: Distribution of websites and transactions over the headquarters country

Mean Std.Dev. Min Max Count

Headquarters

French website  0.55 - 0 1 265,031
EU website 0.68 - 0 1 265,031
US website 0.17 - 0 1 265,031

Note: The variable EU website includes French websites.

Table 3: Descriptive statistics of transactions according to the headquarters

15



Mean Std.Dev. Min Max Count

Dependent variable
Transaction’s location 475.72  455.09 1 1,820 265,031

Table 4: Descriptive statistics of the dependent variable

Density
.0015 .002 .0025
1 | 1

.001
I

0.0005
1

© T T T T T
0 500 1000 1500 2000
Transaction's location (Number of transactions per country per category)

Figure 2: Statistical distribution of the dependent variable.

4.3 Other Variables of Interest

Each transaction, from the request to the response, represents the route of each piece of data
on the website. We will categorize the data according to their into three groups: applications,
media content (images, audio and videos) and texts.”> We create a dummy variable to identify
each type of piece of data.

Built upon prior academic works, the weight of the data is a key factor in the uploading
time. Thus, we categorize the data into heavy or not through the dummy variable Heavy data.
Besides their content, websites can use third-party providers for services such as picture banks,

advertising, traffic, etc. In addition, identifying the data provider makes it possible to identify

23The Application type means that data being transferred is in a structured format used for application-specific
purposes such as javascript, json, woff, woftf2. Images, audios and videos include various types of multimedia,
either visual or auditive data that can be either visible or invisible on the website, such as png, jpg, webp, gif,
mp4, mpeg. Text data encompasses various types of plain text data that can be transferred over HTTP, such as css,

javascript, html.
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the decision maker regarding storage. The variable External Provider is a dummy equal to one
when indicating that the data owner is an external provider and not the website itself. Table 5

shows the statistics for these data.

Mean Std.Dev. Min Max Count

Transaction related

Image/Video/Audio 0.44 - 0 1 265,031
Application 0.38 - 0 1 265,031
Text 0.19 - 0 1 265,031
Uploading time 0.82 0.72 0.004 17.87 265,031
Heavy data 0.44 - 0 1 265,031
External provider 0.34 - 0 1 265,031

Table 5: Descriptive statistics at the transaction level

4.4 Explanatory Variables

As mentioned in the previous section, we visit the websites using a virtual machine located
in Paris, France, for which we have the longitude and latitude. Using the same information
on the server location for each piece of data, we are able to calculate the Exact distance
between the storage location and the simulated visitor. Aside from distance, privacy regulations
can also significantly influence firms’ data storage decisions, particularly concerning personal
data encompassing customer and employee information. Adhering to regulations like GDPR
and HIPAA prevents penalties, fosters trust, and upholds reputation. This adherence ensures
continuity in global operations and maintains positive public perception. Ethical data use,
prioritized for data-driven growth, enhances customer loyalty. Moreover, economies of scale
can be achieved by efficiently storing personal and non-personal data in the exact location and
streamlining operations while maintaining rigorous privacy measures. The variable Privacy
regulation is a dummy equal to one if, according to the CEPII database, there is regulation
dedicated to privacy and zero otherwise. In our data, 60.74% of transactions come from EU
of EEA member countries; 15.18% from authority and law(s); 14.02% come from partially
adequate countries; 4.94% come from adequate countries; 3.79% from countries having data
protection law(s); 1.33% from countries having no specific law.

The existing literature underscores the substantial influence of political stability on firms’
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location decisions (Alesina and Perotti, 1996; Henisz, 2000; Besley and Burgess, 2002; Rodrik
et al., 2004; Javorcik, 2004; Melitz and Ottaviano, 2008; Berman and Couttenier, 2015). Numer-
ous studies have examined the link between political stability and localization choices, including
government stability, regulations, and political risks. Research reveals that political stability
fosters an environment conducive to business growth and investment, reducing uncertainties and
risks associated with storage decisions. Firms favor politically stable environments with clear
legal frameworks, predictable regulations, and low corruption, which enhance operations and
profitability. Political stability encourages firms to invest in storage facilities such as data centers,
driving economic development, job creation, and productivity. It attracts foreign investment,
improves logistics efficiency, and enhances overall competitiveness, benefiting both firms and
society. Additionally, secure storage locations bolster supply chain resilience, ensuring vital
goods and services during crises. The variable Political stability is an ordinal variable from 1 to
4, representing weak to strong political stability, respectively. This information is provided by
CEPIL

Even though sales taxes might not directly impact storage location choices it is taken into
account by the data center providers, which, among other factors (?), can impact the price of
data storage. Many studies have demonstrated that higher sales tax rates tend to discourage
firms from choosing certain storage locations, particularly in regions with higher tax rates. This
suggests that sales tax serves as an essential determinant in the location choice of firms, with
lower sales tax rates being more favorable (Kolko, 2000). Additionally, the research shows
that the impact of sales tax on the probability of a firm choosing a specific location is not
uniform across industries (Devereux and Griffith, 1998; Newman and Sullivan, 1988). Studies
have found that industries with higher profit margins are more sensitive to changes in sales tax
rates regarding location decisions (Bartik, 1989). This indicates that the effect of sales tax is
contingent upon the specific characteristics of the industry in question. Furthermore, regional
disparities in sales tax rates can also influence firms’ location preferences, with lower-tax regions
being more attractive for businesses (Kemsley, 1998). From Trading Economics, we retrieve the
continuous variable Sales tax, which gives the sales tax applied to firms in different countries.

The literature on internet exchange points’ impact on firms’ storage location choices of-
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fers insightful perspectives on digital infrastructure’s role in shaping business decisions. This
research holds societal significance by unveiling how technology infrastructure and economic
activities intertwine, moulding the digital landscape’s effects on businesses and individuals.
Firstly, studies emphasize the positive link between the number of Internet exchange points
(IXPs) and firms’ choice of storage location. IXPs serve as vital internet hubs, enhancing data
exchange between networks. More IXPs in a region create a robust digital ecosystem, offering
improved accessibility, lower latency, and higher bandwidth. This attracts businesses to these
locations, fostering local economies and spurring innovation. Moreover, the literature suggests
that clustering multiple IXPs nearby generates significant agglomeration effects, amplifying
storage location appeal. Network effects, economies of scale, knowledge sharing, and collabo-
ration opportunities contribute to this phenomenon. Concentrated IXPs stimulate competition,
technological progress, and synergistic firm relationships, advancing economic development.
The variable IXPs expresses the number of Internet Exchange Points in a country. These fa-
cilities tend not to be equally spread across a country, which might misrepresent the results.
Hence, we include the weighted IXP by the country’s surface in the model.?* Table 6 presents
the descriptive statics for these variables and Table 7 presents the correlation matrix between

them. The sources of all the variables used are presented in Table 16 in Appendix C.

Mean Std. Dev.  Min Max Count

Explanatory variables

Exact distance 2,353.86 2,959.97 1 16,959 265,031
Privacy regulation 0.99 - 0 1 265,031
Political stability 3.93 0.37 2 4 265,031
Sales tax 14.53 8.40 0 25 265,031
IXP weighted 144,424.04 245,259.35 104 705,696 265,031

Robustness checks variables
Distance between capitals 2,268.32 2,526.63 262 16,938 265,031
Distance between most populated cities  2,218.21 2,550.52 262 16,975 265,031

Table 6: Descriptive statistics of the explanatory variables

24 . _ Surface of country i
IXP Welghted ~ Number of IXPs in country i
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Transaction’s  Exact Privacy  Political = Sales Ixp

location distance regulation stability  tax  weighted
Transaction’s location 1
Exact distance -0.266 1
Privacy regulation 0.104 -0.0747 1
Political stability 0.0976 -0.00678  -0.0228 1
Sales tax 0.204 -0.960 0.0920 -0.125 1
IXP weighted -0.139 0.559 -0.141 -0.172  -0.493 1
N 265,031

Table 7: Correlation of the explanatory variables
5 Empirical Analysis

Based on the existing literature on the optimization of network latency and server location,
which highlights the crucial role of physical distance between the user and the server (Lakhina
et al., 2002; Draves et al., 2004; Dhakal et al., 2007; Akhoondi et al., 2012; Guo et al., 2015); the
closer the server is to the user, the lower the latency; we will compute this distance for our data.
In this paper, we employ a Poisson pseudo-likelihood regression model with multiple levels of
fixed effects to study the factors influencing the number of transactions of a given category in
a given country. The choice of this model is driven by its suitability for count data, where the
dependent variable inherently follows a discrete and non-negative distribution (Figure 2). The
Poisson distribution assumption, where the mean and variance of count data are equal, aligns well
with our research context of studying transaction counts. This model allows us to investigate
the impact of various explanatory variables on transaction frequency while accounting for
potential overdispersion. Further, we employ a Poisson Pseudo-Maximum Likelihood (PPML)
estimator instead of Ordinary Least Squares (OLS) due to its superior handling of count data and
heteroskedasticity. OLS, when applied to log-linear models, can produce biased estimates in the
presence of heteroskedasticity (Silva and Tenreyro, 2006). Moreover, PPML can handle zero
observations without requiring ad hoc transformations (Correia et al., 2020). The dependent
variable is the number of transactions g of a given category c in a given country i at period ¢.
The Poisson pseudo-likelihood estimation assumes that g; ., follows a Poisson distribution with

a mean 4; ., which is determined by explanatory variables X; ., and model parameters £:
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Qi ~ Poisson(A; ) (1)

The mean 4; ., is modeled as:

Aics = exp(BXics + Ve + ps + ;) 2)

Where X; ., is a vector of explanatory variables capturing characteristics such as physical
distance between users and servers, regulatory indicators, tax rates, and digital infrastructure; y.,
Us, Oy are fixed effects for category, website, and time period, respectively, allowing us to control
for unobserved heterogeneity across these dimensions. Country-level variables are included
directly in the model and are identified through variation across countries and over time. Through
this methodology, our study aims to gain insights into the determinants of transaction frequency
in different countries and categories, providing an understanding of transaction behaviors within
an economic context. The Poisson pseudo-likelihood regression with multiple levels of fixed
effects aligns with the specific characteristics of our data and research objectives, enabling us to
make robust inferences about the factors influencing transaction patterns in different countries

for the chosen category.

5.1 Main Results

Table 8 depicts the results for the determinants of the location choice for storage. The dependent
variable is the number of transactions of a given category in a given country. Column (1) shows
the results for the exact Distance between the user’s and the server’s location. In line with the
expectations, the coeflicient is negative and statistically significant at the 1% level. The longer
the distance between the user and the server in a specific country, the less data will be stored in
this country. Column (1) includes website and period fixed effects.

Progressively, we include other control variables to reduce the biases on the magnitude of
the distance. Column (2) adds the dummy variable Privacy regulation with a positive and
statistically significant coefficient at the 1% level. As expected, data are likely to be stored in

countries with privacy regulations. Even though the dataset does not include personal data, firms
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might tend to store all of their data in the exact location and not differentiate by the sensitivity of
the data but take advantage of the economies of scale. By adding other control variables through
Columns (3) to (5), the coeflicient for privacy regulation will increase but remain consistently
positive and statistically significant.

Column (3) adds the variable Political stability, which is an index going from 1 to 4, with
4 being a strong level of political stability. Unlike previous literature (Koop and Tole, 2008;
Rochelandet and Tai, 2016) looking at firms’ location decisions, the positive and statistically
significant coefficient does not show a trade-oft between privacy regulation and political stability.
A higher level of political stability ensures firms the safety of their servers and data, leading to
a more considerable amount of data stored in the country. In Columns (4) to (5), this coefficient
gets stronger from 0.203 to 0.266 and stays statistically significant.

Column (4) adds the Sales tax measures the local taxes. Data centers are subject to frequent
turnovers in servers, which can impact the price of the services procured by the websites.
The coeflicient is negative and statistically significant; the higher the sales taxes, the fewer
transactions will come from the country. The coefficient gets weaker even though the sign and
statistical significance are consistent through regression (5).

The presence of IXPs is a sign of a highly developed technological environment. However,
IXPs are servers that tend to be located mainly along the coastal areas rather than inland.
The correlation between IXPs and the dependent variable is unexpectedly negative. However,
considering the number of IXPs and the surface of a country (Number of IXPs/Surface in sq.

km), IXP weighted, the coeflicient found in Column (5) is positive and statistically significant.

5.2 High-ranked Websites are more Sensitive to Distance

Different-sized firms can have different approaches to data storage strategies. Table 9 shows that
geographic distance plays a consistently significant and negative role in the choice of data center
location across both subsamples, the websites that are on the Top 50 ranking and those Under 50.
The coeflicient on Ln(Exact distance) is —0.121 for the Top 50 websites and 0.094 for the Under
50 group, significant at the 1% level. This result suggests that both large and small firms tend to

prefer locating their data infrastructure closer to their users, likely to reduce latency and enhance
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All
(M 2) 3) 4) (&)

Ln(Exact distance) 0.1127 -0.1117 -0.110™ -0.151"" -0.143""
(0.000)  (0.000) (0.000) (0.001) (0.001)
Privacy regulation=1 1.087°" 1.089™ 1.060" 1.292"
(0.030)  (0.030) (0.028) (0.029)
Political stability 0.203"" 0.088"" 0.266™
(0.010)  (0.009) (0.010)
Sales tax -0.028™ -0.017"
(0.000)  (0.000)
Ln(IXP weighted by surface) 0.100™*
(0.001)
Category FE Yes Yes Yes Yes Yes
Website FE Yes Yes Yes Yes Yes
Period FE Yes Yes Yes Yes Yes
Pseudo R2 0.796  0.797  0.798  0.812  0.818
Observations 265,031 265,031 265,031 265,031 265,031

Notes: Poisson pseudo-likelihood regression model with category, website and period fixed effects.
Transaction’s location is the dependent variable. Columns (1)-(5) include the entire sample. Signifi-
cance at 1%; 5% and 10% indicated respectively by ", * and *.

Table 8: Poisson pseudo-likelihood regression with multiple fixed effects (main results)

performance. The stronger effect observed for highly ranked websites suggests that large firms
are more capable of optimizing infrastructure placement to minimize latency, potentially due to
more abundant resources, greater technical capabilities, and a broader presence in global cloud
networks.

Beyond this consistent distance effect, the regression reveals two institutional variables,
Political stability and Sales tax, for which the sign of the coefficient changes between subsamples,
while remaining statistically significant in both. This divergence provides insight into how
firms of different sizes respond differently to the institutional environment of potential hosting
locations.

First, the coefficient on Political stability is negative for the Top 50 websites (0.026) but
positive and substantially larger for Under 50 websites (0.515), significant at the 1% level. This
suggests that smaller firms are more likely to choose politically stable countries when locating
data infrastructure. The rationale is intuitive: smaller firms may lack the internal capacity, legal,

operational, or financial, to manage risks associated with unstable environments. In contrast,
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larger firms may tolerate or even exploit politically less stable jurisdictions, potentially because
these offer cost advantages, regulatory leniency, or strategic geographic positioning. Their
broader risk management capabilities and operational diversification allow them to absorb or
mitigate instability-related risks more effectively.

Second, the variable Sales tax shows a negative and significant effect for Top 50 websites
(-0.016), but a positive and significant coefficient for the Under 50 group (0.008). This implies
that larger firms actively avoid high-tax jurisdictions, aligning with expectations about global tax
optimization strategies. These firms often have the legal and organizational means to incorporate
tax considerations into location decisions and to benefit from arbitrage opportunities across
jurisdictions. On the other hand, smaller firms may exhibit less sensitivity to local tax regimes,
either because they are less exposed to tax burdens at scale or because other factors, such as
regulatory clarity, data protection, or political stability, are more salient in their decision-making.
It is also possible that smaller firms face a narrower choice set in terms of available infrastructure

providers, limiting their ability to respond to tax incentives.

5.3 Tech Firms are more Global

The owner of the piece of data, either the website itself or an external provider, decides on the
storage location. However, different pieces of data (such as the code of the page, images, text,
audience tracking, etc.) that constitute a website are not necessarily owned by it. Hence, we can
compare the approach toward data storage location between the website and an external provider
by identifying the data owner. When the data owner is an external provider, this company is
frequently a tech firm such as Google, Amazon, Cookielaw, Doubleclick, Facebook, Strpst, etc.
Table 10 depicts the model’s results applied to the sub-sample consisting of when the owner of
a given object is not the website but an external provider. In our dataset, 34% of the data is
owned by an external provider. The results show a weaker coefficient for the distance variable
in Column (1). Column (2) depicts the results of the model applied to the sub-sample of data
owned by the website. We interpret this lower coefficient as a result of multinational tech firms
with a wide geographic spread, allowing them to get closer to consumers in different countries

easily.
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Top 50 Under 50
(1 2)

Ln(Exact distance) -0.1217" -0.094™"
(0.002)  (0.001)

Privacy regulation=1 -0.007 1.708™
(0.099) (0.010)

Political stability -0.026 0515
(0.022)  (0.004)

(0.001)  (0.000)
Ln(IXP weighted) 0.143™"  0.139""
(0.006)  (0.001)

Category FE Yes Yes
Website FE Yes Yes
Period FE Yes Yes
Pseudo R2 0.758 0.742
Observations 33,749 231,282

Notes: Poisson pseudo-likelihood regression model
with category, website, and period fixed effects. Trans-
action’s location is the dependent variable. Column (1)
applies the model to the Top 50 websites and Column
(2) to the Under 50 websites. Significance at 1%; 5%

sk kok

and 10% indicated respectively by “**, ** and .

Table 9: Poisson pseudo-likelihood regression with multiple fixed effects (according to ranking)

In addition to the overall lower distance sensitivity observed for data owned by external
providers, the results in Table 10 reveal a striking contrast in how political stability influences
storage location decisions, depending on who owns the data. When the data owner is an external
provider, the coefficient on Political stability is positive and significant (0.115), indicating a
preference for politically stable countries. In contrast, when the data is owned by the website
itself, the coefficient becomes negative and significant (-0.202), suggesting a preference for less
politically stable jurisdictions.

This reversal in sign, while both effects remain statistically robust, points to distinct strategic
logics between these two types of actors. External providers, such as multinational tech firms
(e.g., Google, Amazon, Facebook), are likely to place greater emphasis on political stability
due to their large-scale operations, legal exposure, and need for long-term predictability in
hosting environments. They may prioritize institutional reliability, compliance frameworks, and

infrastructure protections that are more readily available in stable jurisdictions. This behavior

25



aligns with risk management strategies typical of globally regulated firms operating across
diverse legal environments.

By contrast, when the website itself owns the data, the negative coeflicient suggests a greater
willingness to place data in less politically stable countries. This could reflect several non-
mutually exclusive mechanisms. First, websites may be pursuing cost efficiencies by exploiting
regulatory arbitrage in jurisdictions with weaker oversight or lower operational costs, which may
correlate with political instability. Second, firms may be responding to latency or market access
priorities, situating infrastructure close to specific user bases regardless of the political context.
Finally, the website-controlled data may be more transactional or ephemeral in nature, lowering

the perceived risks associated with politically volatile locations.

External provider Website

(1) (2)
Ln(Exact distance) -0.186™" -0.145™
(0.001) (0.001)
Privacy regulation=1 1.041° 1.099
(0.061) (0.117)
Political stability 0.115™ -0.202°*
(0.012) (0.020)
Sales tax -0.0427 -0.020™"
(0.001) (0.000)
Ln(IXP weighted) 0.082°" 0.059™"
(0.002) (0.002)
Category FE Yes Yes
Website FE Yes Yes
Period FE Yes Yes
Pseudo R2 0.727 0.901
Observations 91,227 173,801

Notes: Poisson pseudo-likelihood regression model with category,
website, and period fixed effects. Transaction’s location is the de-
pendent variable. Column (1) applies the model to the sub-sample
when the data owner is an external provider. Column (2) applies the
model to the sub-sample of data owned by the website. Significance

seksk ik

at 1%; 5% and 10% indicated respectively by “*, ™ and *.

Table 10: Poisson pseudo-likelihood regression with multiple fixed effects (external provider)

26



5.4 Large Data is Located Closer to the User

Data present on a website differ in terms of size, which has a direct impact on the uploading
time. First, data size imposes bandwidth constraints. Thus, situating sizable data closer
to users is essential to minimize network strain and ensure timely access. Additionally, cost-
efficiency is a compelling factor. Research highlights that large datasets’ storage and maintenance
expenses can be exorbitant. By strategically locating these datasets near users, organizations can
curtail data transfer costs and optimize resource utilization, fostering economic sustainability.
Furthermore, big data analytics and machine learning have accentuated the importance of close
data proximity. Studies like Chiang and Zhang (2016) illustrate how the real-time processing
of substantial datasets necessitates their localization near end-users to enable rapid insights and
decision-making. In a nutshell, large pieces of data should be stored closer to the user. For
instance, applications and text are smaller and weigh less than media content (images, audio, and
videos); the latter should be stored closer to the user. To verify it we split the sample into three
sub-samples according to the type of data, either multimedia (image / audio / video), application
or text. Table 11 shows the regression results for the different data types. Column (1) shows the
results for the sub-sample of the type of data multimedia content (image, audio or video), and
Column (2) shows the results for the sub-sample of the data type application and Column (3)
depicts the results for the data type text. Results show that, indeed, websites are more sensitive
to distance when dealing with larger pieces of data. However, the opposite effect is found for
the variable privacy regulation, which shows that, as expected, data such as images, audio and

video are less privacy sensitive.

5.5 Finance and Science and Education Firms are more Reliant on On-

premise Technologies

Different sectors have different needs for data storage. Sectors dealing with sensitive personal
data, such as banks or insurance firms, must comply with strict regulations requiring them
to store data on their own on-premise data centers. On the other hand, media firms tend to

focus on reducing latency; thus, distance plays an important role. We focus our analysis on the

27



Image/Audio/Video Application  Text

€)) (2) 3)
Ln(Exact distance) -0.151° -0.145"  -0.143™
(0.001) (0.001)  (0.002)
Privacy regulation=1 0.969"" 1.444™ 1251
(0.106) (0.037)  (0.041)
Political stability 0.378"" 0.226""  0.155™
(0.019) (0.016)  (0.021)
Sales tax -0.023 -0.021°  -0.017"
(0.001) (0.001)  (0.001)
Ln(IXP weighted) 0.105 0.086"  0.088"
(0.002) (0.002)  (0.004)
Category FE Yes Yes Yes
Website FE Yes Yes Yes
Period FE Yes Yes Yes
Pseudo R2 0.853 0.805 0.815
Observations 116,032 99,762 49,213

Notes: Poisson pseudo-likelihood regression model with category, website, and period
fixed effects. Transaction’s location is the dependent variable. Column (1) applies the
model to the sub-sample when the data is an Image/Audio/Video. Column (2) to the
sub-sample when the data is an Application. Column (3) to the sub-sample when the
data is Text. Significance at 1%; 5% and 10% indicated respectively by “*, ** and *.

Table 11: Poisson pseudo-likelihood regression with multiple fixed effects (large data)

categories in which each website is a part of. Table 1 in Section 4.1 presents the distribution
of the websites and transaction according to each category. Table 12 shows the results of a
Poisson pseudo-likelihood regression model with period-fixed effects on the entire sample. In
Column (1), we include the six categories with the most websites; the other categories are the
omitted reference group. In Column (2), we include an interaction effect between the categories
and the distance. Results show that categories that rely more on public cloud providers are
more sensitive to distance. For instance, for News and Media, latency is crucial; thus, distance
plays a more important role. On the other hand, categories such as Finance and Science, and
Education tend to rely less on public data centers. These results could be due to two reasons.
First, regulated sectors must often use on-premise storage solutions for security issues. Second,
due to historical reasons such as firms having had their own storage facilities for a long time and

restricted needs for private cloud providers.
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All

(D (2)
Ln(Exact distance) -0.094 -0.018™
(0.000) (0.001)
Category (ref. Other)
Arts and Entertainment 0.572" 0.913™"
(0.003)  (0.006)
Computers Electronics and Technology 11917 1.4427
(0.003)  (0.005)
E-commerce and Shopping 0.910™" 1.462™"
(0.003)  (0.005)
Finance 0.932"" 1.394™
(0.004)  (0.005)
News and Media 0.605"" 0.795""
(0.004)  (0.006)
Science and Education 1.723"% 2237
(0.003)  (0.005)
Interaction effect
Arts and Entertainment X Ln(Exact distance) -0.065™
(0.001)
Computers Electronics and Technology x Ln(Exact distance) -0.047"
(0.001)
E-commerce and Shopping x Ln(Exact distance) -0.131™
(0.001)
Finance x Ln(Exact distance) -0.103**
(0.001)
News and Media x Ln(Exact distance) -0.033"
(0.001)
Science and Education x Ln(Exact distance) -0.105™
(0.001)
Category FE No No
Period FE Yes Yes
Pseudo R2 0.659 0.686
Observations 228,121 228,121

Notes: Poisson pseudo-likelihood regression model with period fixed effects. Transaction’s location is
the dependent variable. Columns (1)-(2) apply the model to the entire sample. The omitted reference is

T3

Table 12: Poisson pseudo-likelihood regression with multiple fixed effects (categories)
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6 Robustness Checks

6.1 Estimates with Alternative Measures of Distance

Considering the statistical significance levels found, we control whether the results hold for
different measures of distance. Table 13 addresses these estimations. Column (1) represents the
initial estimates, including the variable Ln(Exact distance), which measures the exact distance
between the consumer and the storage location. Column (2) estimates the same model, but
considers the variable Ln(distance capitals), the distance between the capital of the country
where the consumer is located (Paris, France) and the capital of the country where the data
center is located. Descriptive statistics for these variables are presented in Table 6. The
coeflicient of the distance is negative and significant. All other variables are consistent except
political stability, which is negative. Column (3) estimates the same model by considering the
distance between the most populated cities in each country (the country where the consumer
is located and the country where the data is stored), through the variable Ln(distance most
populated cities), which is negatively associated with the dependent variable. Like Column (2),
political stability is the only variable whose coefficient changes from positive to negative. As
mentioned previously, distance is crucial for latency, hence uploading time. Overall, the main

variable holds a negative association with the dependent variable.

6.2 Estimates with Alternative Functional Forms

This study’s primary analytical framework is the Poisson regression model. However, including
another regression model in the analysis serves as a rigorous methodological measure to validate
the results’ reliability and robustness. The selection of the Poisson regression model as the
principal analytical tool derives from the characteristic nature of the dependent variable under
investigation, typically encompassing count data, specifically the quantification of events or
incidents within a designated time interval. The Poisson model aligns effectively with the discrete
and non-negative attributes inherent to count variables, offering an appropriate method to assess
independent variables’ influence on the event occurrence rate.To assess whether this assumption

holds, we conduct robustness checks using both Ordinary Least Squares (OLS) regression and
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All

() (2) 3)
Ln(Exact distance) -0.143™
(0.001)
Ln(distance capitals) -0.843"
(0.003)
Ln(distance most populated cities) -1.010""
(0.004)
Privacy regulation=1 1.292"" 1.236™" 1.245™"
(0.029) (0.029) (0.028)
Political stability 0.266™" -0.039"" -0.113"
(0.010) (0.010) (0.010)
Sales tax -0.017"" -0.089™" -0.108™""
(0.000) (0.000) (0.001)
Ln(IXP weighted) 0.100°" 0.203" 0.292""
(0.001) (0.001) (0.001)
Category FE Yes Yes Yes
Website FE Yes Yes Yes
Period FE Yes Yes Yes
Pseudo R2 0.818 0.833 0.833
Observations 265,031 265,031 265,031

Notes: Poisson pseudo-likelihood regression model with category, website, and
period fixed effects. Transaction’s location is the dependent variable. Columns (1)-
(4) apply the model to the entire sample. Column (2) includes the distance between
the capitals of the two countries instead of the exact distance. Column (3) includes
the distance between the most populated cities of the two countries. Significance at
1%; 5% and 10% indicated respectively by “*, “ and *.

Table 13: Robustness checks with alternative measures of distance

a Negative Binomial regression model (NBREG). The Negative Binomial model is particularly
relevant in cases where overdispersion is present, when the variance of the dependent variable
exceeds the mean, allowing for greater flexibility in the distributional assumptions of the error
term. Prior literature has demonstrated the effectiveness of Negative Binomial regression in
modeling count data in digital economics (Wang et al., 2025).

Table 14 shows the robustness of the results to different functional forms. Column (1)
reports the original estimations through a Poisson pseudo-likelihood regression with multiple
fixed effects (category, website and period). Column (2) reports estimating the number of pieces

of data stored in a given country through an OLS model with category, website, and period fixed

effects. The distance between the consumer and the storage location is negatively associated with
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the dependent variable. The results hold for the rest of the variables. Considering the descriptive
statistics of the dependent variable, an additional model that could provide a robustness check
is negative binomial regression. Column (3) shows these results while accounting for category,
website, and period fixed effects. The coefficient of the distance is negative and statistically

significant. Overall, the main results hold through these additional alternative estimates.

Poisson OLS Negative binomial
(1) (2) 3)
Ln(Exact distance) ~ -0.143"" -63.565"" -0.149™
(0.001)  (0.291) (0.001)
Privacy regulation ~ 1.292°"" 193.023"" 1.351°
0.029)  (7.367) (0.028)
Political stability 0.266""  56.228"" 0.332""
(0.010)  (2.938) (0.011)
Sales tax -0.017 27157 -0.026™"
(0.000)  (0.117) (0.000)
Ln(IXP weighted)  0.100" 36.076"" 0.104™
(0.001)  (0.531) (0.001)
Category FE Yes Yes Yes
Website FE Yes Yes Yes
Period FE Yes Yes Yes
Pseudo R2 0.818 0.101
Adjusted R2 8123894
Log-Likelihood 9276869 -1776255 -1705150
Observations 265,031 265,031 265,031

Notes: Column (1) applies a Poisson pseudo-likelihood regression model with
category, website, and period fixed effects to the entire sample. Column (2)
applies an OLS model with category, website, and period fixed effects to the
entire sample. Column (3) applies a Negative binomial model with category,
website, and period fixed effects to the entire sample. Significance at 1%; 5% and
10% indicated respectively by ", ** and *.

Table 14: Robustness checks with alternative estimates

7 Conclusions and Policy Implications

This paper provides empirical evidence through website data flows that data storage location
decisions are negatively associated with the distance from the data center to the customer. By
identifying the data owner and leveraging the website ranking, we can demonstrate that large

firms are more sensitive to distance, while tech-specialized ones are less sensitive to it. Distance
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plays a different role according to the data type. Our findings show that large data tends to
be stored closer to the consumer to optimize latency and performance. The same goes for
high-priority data, such as the code of a web page that must be uploaded first. Categories with
high-intensity use of data centers, such as news and media, and arts and entertainment, are
more sensitive to distance. On the other hand, categories that include websites that are required
by regulation to have on-premise storage facilities (e.g., Finance) or have a history of using
on-premise storage (e.g., Science and Education) rely less on public data centers, thus are less
sensitive to distance.

The policy implications derived from our study offer valuable insights into the intricate
relationship between data flows and digital sovereignty, particularly in the context of websites
providing services to EU users. Firstly, our empirical findings provide concrete evidence
regarding the geographic origins of websites catering to EU users. By examining the patterns of
data flows, policymakers gain a nuanced understanding of where these digital services originate,
allowing for more informed decision-making in shaping regulations and policies. Secondly, our
study emphasizes distance’s significant role in data flows. The observed sensitivity to distance
underscores the practical implications for digital sovereignty. Policymakers can leverage this
insight to formulate regulations and strategies that capitalize on the geography of data storage,
promoting a more resilient and sovereign digital landscape. Recognizing the impact of distance
on data storage decisions prompts policymakers to consider localized solutions, potentially
incentivizing domestic data infrastructure development and enhancing control over critical data
assets. Our results suggest that, from a data flow perspective, the current landscape presents
opportunities for bolstering digital sovereignty. Policymakers can leverage this understanding
to craft targeted regulations and incentives that align with the data flow dynamics and contribute
to the overarching goal of strengthening digital sovereignty in Europe.

By embracing policies that strategically address the geographic aspects of data flows, EU
countries can assert greater control over their digital infrastructure, enhance data governance,
and fortify their position in the global digital ecosystem. However, the design of regulatory
interventions is crucial. While efforts to promote digital sovereignty through data localization

policies can strengthen control over critical infrastructure, they must also balance short-term
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access benefits with long-term investment incentives. Moreover, the impact of EU regulations
on data localization mirrors challenges faced in other digital markets, where firms strategically
navigate cross-border restrictions impacting market competition, consumer welfare, and firm
behavior. As shown in the framework of network industries, high access costs can either
accelerate investment in new infrastructure or create a disincentive for firms to transition from
legacy systems (Bourreau et al., 2012; Bourreau and Manenti, 2023). In the same vein as Crémer
et al. (2024), this highlights the need for well-calibrated policies that encourage investment in
European cloud infrastructure while ensuring that data flows remain efficient and competitive.

The results of our study need to be understood in light of certain limitations. First, our
dataset does not allow for control of data storage prices. Thus, we can not compare the cost of
storing in different locations. Second, we do not have information on whether the websites of
our dataset possess on-premise storage locations. Third, as we only collect the first page of each
website, our data is limited to the existence of other storage solutions, hence, storage locations.
It is worth highlighting that websites can use multi-cloud solutions or multi-location storage
according to the data type and local regulations.

We would like to extend this study by replicating the data collection setting by simulating
users from different countries in order to better validate our findings. Second, we plan to
investigate data replication to better understand the data storage strategies between different data
types. Future research will also focus on exploring the dataset better. For instance, studying other
components of digital sovereignty with a focus on the component of the Internet’s backbone
infrastructure. Extending our current study with firms’ headquarters (such as ISPs, CDN:ss,
DNSs, or data owners) that allow data flows to EU users. This could offer a more complete
picture of digital and data sovereignty through country interdependency. Nonetheless, this study

offers a first attempt at understanding data flows and the feasibility of digital sovereignty.
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A Appendix - Example of the data on a website

This is a screenshot of the online page of a French journal accessed by a user located in Paris,

France, as part of the data collection. The page contains data visible to the user, including text,

images, and advertisements. Additionally, the web page contains invisible data, such as GIFs

or trackers, and the code of the page. The data collection intercepts all the data that constitutes

this web page.

FRANGAIS
e Nionde ®s ;
Consulter Tex‘: — @ e connecter S ahonner
e journa
& .ﬂ.CTLIM")'S/ ECONOMIE VIDEDS DEBATS CULTURE MLE MAG SERVICES Q

3:24. 304 1254 26 Alerte
RATP ;: départ de Cathering ‘Duigours : Pékin dénonce le Cybersécurité ; Poutine nira pas aux Face i ['urgence écologique,
Guillouard rapport de 'ONU FranceConnect victime de funérailles de Gorbatchey le gouvernement cherche
fraudes encore sa ligne

Retrait en

Monoprix Maizon - Saladier petit

-m magasin

¥, modele en meétal - Gris argent -... MONOPRIX oo
5€ Acheter maintenant g i

Ad

Gif/Tracker

Face 4 I'urgence écologique,
le gouvernement cherche
encore sa ligne

* LIVE Pénurie de
professeurs, solutions

envisageables... Posez

vos questions a notre o )

lournal.lste « A Pékin comme & Muscuu,lles

dirigeants politiques estiment étre

seuls en mesure de dire ce qu'est la
vrale identité »

Figure 3: Pieces of data that can be found on a website

B Appendix - Websites used in the study
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C Appendix - Variables used in the paper

Variable

Definition

Source

Year

Distance

The CEPII Gravity database gives the dis-
tance in kilometers between the capitals;
the two most populated cities; between
the capitals weighted by the population;
between the two most populated cities
weighted by the population.

CEPII

07/2022

Privacy regulation

The CNIL gives a label to each country
concerning privacy regulation: Adequate
country; Authority and law(s); Data pro-
tection law(s); EU or EEA Member coun-
try; Partially adequate country; No spe-
cific law.

CNIL

07/2023

Political stability

Political stability of a country is a variable
built on two indexes going from l=very
low to 4=strong; indicating whether “The
rules in force governing the assumption
of political office by the Head of State
or Government been amended to favor
him/her remaining in office? Did the cur-
rent Head of State or Government take
office in accordance with the (potentially
amended) rules in force at the time of that
assumption of office (election, dynastic
succession, etc.)?”

CEPII

2012

Sales tax

The tax rate per country.

Trading
Economics

12/2022

IXP

The number of Internet Exchange Points
in a country.

World Bank

10/2020

Table 16: List of variables
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