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Abstract

We investigate the impact of early internet availability at basic speeds on local economic development
in remote areas of developing countries by analyzing nighttime light emissions across towns in Sub-
Saharan Africa. Employing a difference-in-differences approach, we exploit (i) submarine cable ar-
rivals, which established countrywide internet connections, and (ii) the rollout of the national back-
bones, which determined internet access within countries. Using a sample of incidentally connected
towns, we estimate that early internet availability increases nighttime light intensity by 11.0% in the
five years following countrywide internet connection, corresponding to 3.10 percentage points higher
GDP growth. Our analysis suggests an employment increase of 10.9 percentage points, rather than
a spatial redistribution of economic activity, as the main driver. Employment increases across edu-
cational levels, driven by services for individuals with higher education and by agriculture for those
without higher education. Increases in informal employment are associated with community-based
access via cybercafés.
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1. Introduction

Internet access may be particularly critical for regional economic development in Sub-Saharan
Africa (SSA), given the limited availability of alternative ICT infrastructure such as fixed-
line telephony networks (ITU, 2019). This absence of legacy infrastructure is especially pro-
nounced in many towns outside major cities, where remoteness and low population density
make provision costly (Williams, 2010). At the same time, individual internet adoption re-
mains low in SSA, due to hardware scarcity, financial constraints, and a low willingness to
pay (World Bank, 2016). In this context, community-based shared access to internet at basic
speeds, primarily through cybercafés, played a central role in enabling adoption (Southwood,
2022). Against this background, we empirically evaluate whether, and to what extent, early

internet availability at basic speeds fosters economic development in low-income settings.

In this paper, we examine how the introduction of early internet availability at basic speeds
affects local economic development in remote towns in SSA. In contrast to the existing litera-
ture that investigates the effects of higher speeds (e.g., Hjort and Poulsen, 2019; D’Andrea and
Limodio, 2024) or mobile internet (e.g., Bahia et al., 2024; Chiplunkar and Goldberg, 2022),
we focus on the extensive margin of internet provision, namely, initial widespread internet
availability in a developing country setting.! While mobile internet dominates today, exam-
ining this earlier stage of digital connectivity remains valuable as many underserved regions
continue to face “early-internet-like” conditions characterized by low speeds and shared ac-
cess (Laursen, 2025). To this end, we study the first towns that gain internet access. We track
economic activity at the town level in response to plausibly exogenous shocks in local internet
availability by applying an inconsequential treatment approach (Redding and Turner, 2015).
We find that towns with early internet access experience an 11.0% increase in nighttime light
(NTL) intensity in the five years after countrywide internet connection in comparison to towns
gaining internet access later. Our findings point to an employment increase of 10.9 percentage
points (pp), based on georeferenced Demographic and Health Surveys (DHS), concentrated in
formal employment among individuals with higher education and in informal employment

among those without.

Our baseline sample includes 184 towns in ten SSA countries that were connected to the global
internet infrastructure between 2000 and 2007 and where a national backbone was established
prior to this connection outside of larger cities. We tap two main data sources. First, we mea-
sure local economic development using NTL satellite data and assign NTL intensity to towns
(e.g., Henderson et al., 2018; Campante and Yanagizawa-Drott, 2018; Storeygard, 2016). Sec-
ond, we use data on the rollout of the national backbone from Hamilton Research (2024) to
measure internet access at the town level. To extend the data backward to the late 1990s, we

conduct an extensive review of national backbone deployment projects to assign the actual

LGuriev et al. (2021) and Adema et al. (2022) investigate mobile internet as well and analyze a larger sample
that includes developed countries.



construction years to access points. This enables us to study the early and mid-2000s when
the first wave of submarine cable (SMC) arrivals brought internet availability to SSA at a no-
ticeable scale.”? As a reduced form validation, we confirm that proximity to an access point
is associated with individual internet uptake using geolocated survey data from the fourth
round of the Afrobarometer. A cross-sectional regression shows that proximity to an access
point is associated with a 3 to 4 pp (36 to 68%, evaluated at the control group’s mean) higher

individual internet usage.

To identify the effect of early internet availability on local economic development, we exploit
quasi-random variation in the timing of countrywide internet connection induced by the ar-
rival of the first wave of SMCs in SSA.® In a difference-in-differences framework, we define
treatment and control towns within countries based on the rollout of the national backbone.
Internet is available in a town only if the country is connected via an SMC and the town has
access to the national backbone via a nearby access point. We therefore assign treatment status
to towns with access to the national backbone at the time of the countrywide internet connec-
tion. The control group comprises (similarly-sized) towns that received their access point only
later. They thus serve as never-treated units during the estimation period. Although national
backbone construction primarily targeted political and economic centers (Williams, 2010),
towns located en route between such “nodal cities” also received access points. We leverage
this incidental connection to study remote towns while avoiding selection bias (Redding and
Turner, 2015).

To ensure that our results are indeed driven by internet availability, we control for a rich set
of potential confounding factors. First, in addition to town fixed effects, we use country-year
fixed effects to control for country-specific growth paths. Second, we control for the roll-
out of mobile coverage as alternative digital infrastructure.* Third, we account for changes
in physical infrastructure by controlling for market access, which captures improvements in
transportation connectivity over time (Donaldson and Hornbeck, 2016; Jedwab and Storey-
gard, 2022). Fourth, our empirical model accounts for potential changes in the importance of
geographic fundamentals over time. Specifically, interacting the distance to the capital city
with the connection indicator captures possible spillovers from metropolitan areas. As NTL
emissions are associated with electricity consumption, we restrict the sample to towns with
NTL emissions in each year from 1995 onward, ensuring that observed increases are not sim-
ply due to the rollout of the electricity grid. Our key identifying assumption is that treatment

and control towns would have evolved similarly in the absence of treatment. This assumption

2Internet connections were already possible before. However, they had a limited user base, as they were either
satellite-based (e.g., VSAT) or telephony-based (Williams, 2010; Nyezi, 2012), both of which are prohibitively ex-
pensive and only allow narrow bandwidths (128 and 56Kbps, respectively). In contrast, first-wave SMCs allowed
for speeds between 0.5 and 2Mbps.

3This approach was established by Hjort and Poulsen (2019), who exploit an internet speed upgrade induced
by the second wave of SMCs with higher capacities.

4During our observation period, mobile internet was unavailable. All countries only had basic mobile coverage,
which enables calls and SMS messaging, but not surfing the web.



cannot be tested directly, but event study specifications show no differences in pre-treatment

trends, with and without controls, which supports its plausibility.

We present three sets of results. First, we find that early internet availability leads, on average,
to an 11.0% increase in NTL intensity of towns in the five years after countrywide internet
connection, compared to a control group of towns not yet connected via an access point at
that time. Applying the established NTL-to-GDP elasticity from Henderson et al. (2012), this
implies a 3.10 pp higher economic growth. We decompose this overall effect into measures for
intensive- and extensive-margin growth and analyze changes in population density.> Rather
than to a spatial reallocation of economic activity, the findings point to an increase in per-
capita output, i.e., a higher output generated by the same number of people. These positive
NTL effects at the town level contribute to the literature on internet availability and develop-
ment by demonstrating aggregate impacts, complementing evidence of individual-level em-
ployment gains (e.g., Hjort and Poulsen, 2019), which do not necessarily translate into mea-
surable effects at higher spatial levels (Buera et al., 2023). Relative to the 3G coverage effects
estimated by Mensah (2021) worldwide, our estimates are smaller, in line with his statistically

insignificant effects for developing countries.

Second, we use georeferenced DHS data to estimate individual-level employment effects. We
find an overall employment increase of 10.9 pp in connected towns. While most of the in-
creases are concentrated in agriculture, we also find increases in employment in services for in-
dividuals with higher education. Among men, we observe increases in agriculture and services
and in paid employment, while women’s employment increases are concentrated in agricul-
tural, unpaid and low-skilled employment. For a later time period, Hjort and Poulsen (2019)
report similar estimates for overall employment, while Caldarola et al. (2023) and Chiplunkar
and Goldberg (2022) observe even larger effects for mobile internet. While most studies em-
phasize larger increases in high-skilled employment, they typically also report increases in un-
skilled and agricultural employment, particularly among individuals with lower educational

levels.

Third, we examine changes in the local population composition, drawing again on DHS data.
We find that internet availability increases out-migration, particularly among native residents,
with stronger effects for individuals with higher education. At the same time, our results show
that treated towns attract more high-skilled in-migrants. These patterns are consistent with
evidence that improved digital access raises emigration intentions and facilitates internal mo-
bility toward larger economic centers (Adema et al., 2022; Jiao and Tian, 2024), and with find-
ings that better-educated individuals are more likely to relocate within a country (Ginsburg
et al., 2016).

5 Extensive-margin growth is defined as changes in the number of lit pixels, while intensive-margin growth
refers to changes in the average light intensity of pixels that were already lit in the year before the internet connec-
tion was established.



To shed light on the mechanisms underlying our labor market e ects, we use historical
data from OpenStreetMap(OSM) on the presence of cybercafés and nd suggestive evidence
that early internet availability increases employment, particularly in agriculture, through
community-based access in cybercafés. A second mechanism is nancial inclusion. Drawing
on Zambia's FinScopesurveys from 2005 and 2009, we nd that internet availability increases
the use of formal nancial services, such as current, savings, and xed deposit accounts, con-
sistent with D'Andrea and Limodio (2024). This pattern aligns with the broader literature em-
phasizing the role of nancial development in fostering economic growth (e.g., Levine, 1997).
The observed increase in formal nancial inclusion may re ect increased paid employment
and could have contributed to the increased employment in services.

Apart from absent pre-trends, placebo tests corroborate that the e ect on local economic de-
velopment stems from the speci c structure of the exogenous variation that we exploit. This
makes it unlikely that the estimated e ect is confounded by parallel infrastructure rollouts.
To further address this concern, we use DHS household responses on electricity access and
nd no evidence of a parallel rollout of electricity grids. We assess additional robustness of
our results to alternative model speci cations, in particular with respect to the composition

of the control group and measurement approaches, and show that they also hold in expanded
samples with more countries.

There is a large literature nding positive economic e ects of xed-line internet in devel-
oped countries (e.g., Akerman et al., 2015; Kolko, 2012; Czernich et al., 2011). For developing
countries, Hjort and Tian (2025) survey the evolving literature on the economic impact of in-
ternet connectivity. ® Much of this literature is focused on mobile internet since around 2010,
as mobile phones are the main technology through which individuals access the internet in
developing countries since then (e.g., Chiplunkar and Goldberg, 2022; Williams et al., 2011;
Aker and Mbiti, 2010). Several recent studies examine the e ect of mobile internet availability
in developing countries in the 2010s and consistently nd an increase in consumption and a
reduction in poverty, e.g., in Nigeria (Bahia et al., 2024), Senegal (Masaki et al., 2020), and
Tanzania (Bahia et al., 2023).” Closely related to our study are Hjort and Poulsen (2019) and
Mensah (2021). Mensah estimates increases in NTL intensity induced by 2G and 3G coverage
globally, but nds no statistically signi cant e ects of 3G coverage in developing countries.
Hjort and Poulsen study the employment e ects of large increases in available international
bandwidth around 2010 in SSA and nd a skill-biased and net positive employmente  ect at

SFor developing countries, there is an established literature for non-digital infrastructure, most importantly
transportation (e.g., Asher and Novosad, 2020; Banerjee et al., 2020; Aggarwal, 2018; Donaldson, 2018; Jedwab
et al., 2017; Ghani et al., 2016; Storeygard, 2016; Faber, 2014) and electricity (e.g., Moneke, 2020; Mensah, 2024;
Lee et al., 2020; Lipscomb et al., 2013; Rud, 2012; Dinkelman, 2011). Although not in all settings, this literature
largely nds that infrastructure is bene cial for regional development.

"Focusing on mobile internet use Roessler et al. (2021) show smartphone use increased per-capita household
consumption signi cantly. In contrast, Suri and Bhattacharya (2022) nd no impact on a wide range of economic
outcomes, including employment and consumption in an RCT distributing free phone data in Kenya. Rotondi
et al. (2020) nd an e ect of mobile phone coverage and ownership on rural development in developing countries.

4



the individual level. While they de ne the treatment group as being located within 500 meters
of the national backbone, and thus compare individuals and rms within cities, we compare
across towns and compare towns that receive internet access earlier versus later.

Our study is the rst to investigate development, employment, and migration e ects of inter-
net availability at basic speeds when the internet became available in SSA. This complements
the literature's focus on mobile internet after 2010, a shift that has largely overlooked the cen-
tral role of cybercafés in early internet access. While mobile internet now dominates, under-
standing this formative stage of connectivity remains relevant, as it sheds light on how digital
infrastructure can foster development even under the constraints of low speeds and shared
access, conditions that persist across many regions in developing countries (Laursen, 2025).
Our ndings show that even internet at basic speeds can generate substantial development.
In particular, the community-based access mode, through cybercafés, might have facilitated
community-level digital learning and peer e  ects, o ering a distinct mechanism compared to
the more individualized mobile usage (cf. Choi et al., 2024). With a few notable exceptions,
such as Jensen (2007), Bjorkegren (2019), and Manacorda and Tesei (2020), who examine the
e ects of basic mobile coverage and phones, the literature has largely overlooked the formative
phase when ICT rst became available in the developing world. &

Although the regional digital divide is widely discussed (e.g., Rotondi et al., 2020; Lagakos,
2020; Fukui et al., 2019; Buys et al., 2009), only a few studies investigate the impacts of digital
infrastructure on remote areas outside of large cities (e.g., Hjort and Poulsen, 2019). Beyond
the regional digital divide, much of the literature compares economic progress between pri-
mate cities and secondary urban centers, often yielding inconclusive ndings regarding in-
equality trends (e.g., Bluhm and Krause, 2022; Christiaensen and Kanbur, 2017). A notable
gap remains concerning smaller, more remote agglomerations. Our work addresses this gap by
providing evidence that connectivity is associated with economic development in smaller, re-
mote towns in developing countries, 0 ering new insights on the digital divide. The incidental
treatment approach does not allow us to compare relative development between these towns
and larger agglomerations. Yet, our ndings suggest that unconnected towns fall further be-
hind. As such, our results indicate positive e ects of ICT infrastructure beyond political and
economic centers, pointing to a broader impact of early connectivity.

The remainder of this paper is organized as follows. Section 2 introduces the data and Sec-
tion 3 examines the relationship between internet availability and internet usage. In Section 4,
we outline our empirical strategy. Section 5 presents the main results, Section 6 discusses
potential mechanisms, and Section 7 provides robustness checks. Section 8 concludes.

8Jack and Suri (2014) investigate mobile money, which only requires mobile coverage and simple handsets.



2. Data

We combine data on economic development and internet infrastructure at the level of towns
in SSA? We start by describing the data sources of our main variables and how they are con-
structed. Further variables and data sources are described later when they are used or in
Appendix A.1. Summary statistics are reported in Appendix Table E.1.

2.1. Internet infrastructure

We measure internet availability over time at the town level by combining two data sources.
Information on within-country internet access originates from  Africa Bandwidth Maps a
database maintained by Hamilton Research (2024) and sourced directly from network op-
erators. The database contains a comprehensive record of access points and their geolocation
on the African continent. An access point is a node in the national ber-optic backbone. The
data covers the years 2009 through 2020, with updates provided on an annual basis. As such,
this information is insu  cient to analyze internet availability in the early and mid-2000s.

Therefore, we infer the construction year preceding the rst data observation through an ex-
tensive review of national backbone deployment projects across SSA, reaching back to the late
1990s for some countries 1% Although it is not always possible to determine the exact construc-
tion year, the available information allows us to determine which access points were built by
the year the countrywide internet connection was established, which su  ces for our analysis.
Countries started to roll out the national backbone before international internet connections
were established in anticipation of them. Appendix Figure F.1 maps all 2,734 access points
and their construction years. 11 Generally, the rollout follows pre-existing infrastructure, such
as major roads, railroads, or oil pipelines. We provide a brief overview of each country's roll-
out of the national backbone in Appendix Table E.2. Appendix B.1 details a country example
as well as further background information on national backbone rollouts in SSA.

Internet users in the vicinity of an access point are reached through local “last mile” infras-
tructure. Until the 2010s and the increasing use of smartphones, users in SSA predominantly
accessed the internet via cybercafés (Southwood, 2022; Williams et al., 2012). Cybercafés (or
internet cafés) are community-based centers with wired internet access, typically in the form
of small shops or rooms with computers (LeBlanc and Shrum, 2017). The predominant ac-
cess mode through cybercafés at the time did not require individual hardware adoption, and

9We de ne SSA as the mainland of the African continent without the Northern African countries (Algeria,

Egypt, Libya, Morocco, Tunisia, and Western Sahara). We exclude South Africa as an economically more developed
country.

10pocumentation of our review of deployment projects, including a source register, is provided in Appendix
Table G.1.

11About half of them were constructed in 2013 or later, and larger cities are typically served by more than one
access point, usually for bandwidth reasons. This implies that, for example, in 2019, although 182 new access
points were constructed, only 65 cities and towns were rst connected. In total, 1,867 cities and towns are within
reach of an access point in 2020, the most recent year of our data.



locations with internet availability tend to also have a cybercafé (Williams et al., 2012). There-
fore, cybercafés have the potential to serve entire local communities with internet access ef-
ciently (Southwood, 2022). They were not only used for communication and entertainment
but also for professional purposes, such as maintaining business contacts and managing the
delivery of goods and supplies (Mbarika et al., 2004; Gitta and Ikoja-Odongo, 2003). We pro-
vide additional background on last-mile transmission technologies and cybercafés in SSA in
Appendix B.2.

Our second data source is the Submarine Cable Magby TeleGeography (2024), a comprehen-
sive collection of information on global submarine cables (SMCs). SMCs are ber-optic cables
for large-scale international data transmission and form the backbone of the international
internet infrastructure. SMC construction typically is ajointe  ort of governments, private in-
vestors, and multinational organizations (Williams, 2010). As a result, no individual country
can unilaterally determine the year of its SMC connection. From 1999 onward, the rst wave
of internet-enabled SMCs brought internet connection at a noticeable scale to SSA. SAT-3, for
example, the largest rst-wave SMC, started operating in 2001 and featured landing points in
nine West African countries. 12

For our empirical analysis, we use the date on which the rst-wave SMC started operating, the
so-called ready-for-servicadate, as well as information on the geolocation of the landing point
in each country from the Submarine Cable MapThis date marks the year in which the internet
connection was established countrywide in all locations with access to the national backbone.
International connectivity is key, especially at the time under study, as the vast majority of
web pages and applications used in SSA were hosted on servers located in North America or
Europe. Thus, almost all African internettra ¢ was routed inter-continentally (Chavula et al.,
2015). This is true even for “local” content like websites of SSA businesses and organizations,
as hosting infrastructure such as data centers within SSA is lacking. For countries that es-
tablished their international internet connection through a neighboring country (mostly, but
not exclusively, landlocked countries), the date at which a border access point was established
marks the connection year. Figure 1 maps the connection year for each country.

Before the SMCs arrived, internet availability in SSA was limited, slow, and prohibitively
expensive (LeBlanc and Shrum, 2017; Williams, 2010). Technologies used prior to the rst
SMCs were either satellite- (e.g., VSAT) or telephony-based via narrowband dial-up modems
(Williams, 2010). Telephony cables are unavailable in the vast majority of SSA and mostly con-
ned to the largest cities. While largely unconstrained by geography and local infrastructure,

12¢ountries connected by SAT-3 are Angola, Benin, Cameroon, C6te d'lvoire, Gabon, Ghana, Nigeria, Senegal,
and South Africa. The cable originates in Sesimbra, Portugal, and Chipiona, Spain, and routes via the Canary
Islands in Alta Vista. It has a length of 14,341 kilometers, is owned by a consortium of 36 companies, and cost
650 million USD. The rst large SMC connecting several East African countries was the Eastern Africa Submarine
System (EASSy), which started operating only in 2010. Before, only single countries were connected, such as
Djibouti through SeaMeWe-3, which connected Northern and Western Europe with Eastern Asia and Australia, in
1999, and Sudan through Saudi Arabia-Sudan-1 (SAS-1) in 2003.
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