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The Arrival of Fast Internet and Employment in Africa†

By Jonas Hjort and Jonas Poulsen*

To show how fast Internet affects employment in Africa, we exploit 
the gradual arrival of submarine Internet cables on the coast and 
maps of the terrestrial cable network. Robust  difference-in-differences 
estimates from 3 datasets, covering 12 countries, show large pos-
itive effects on employment rates—also for less educated worker 
groups—with little or no job displacement across space. The 
 sample-wide impact is driven by increased employment in higher-skill 
occupations, but less-educated workers’ employment gain less so. 
Firm-level data available for some countries indicate that increased 
firm entry, productivity, and exporting contribute to higher net job cre-
ation. Average incomes rise. (JEL F14, J23, J24, J63, L86, O15, O33)

Traditional trade theory predicts a decrease in inequality in developing coun-
tries during periods of integration in the global economy. The slow economic 
progress of poor workers in many parts of Africa, Asia, and Latin America during 
the last few decades, therefore, surprised economists. Two potential explanations 
were proposed and compared: skill-biased technological change (SBTC) and fea-
tures of international trade—such as outsourcing (see e.g., Feenstra and Hanson 
1996, 1999, 2003) and quality upgrading (see e.g., Verhoogen 2008; Frías, Kaplan, 
and Verhoogen 2009)—that could alter the logic underlying expectations of job 
growth and greater equality in unskilled labor-abundant countries post-integration 
(Feenstra and Hanson 2003; Goldberg and Pavcnik 2007; Harrison, McLaren, and 
McMillan 2011; Goldberg 2015). Two decades of research led to wide agreement 
that both explanations play a role, and that they probably interact (Wood 1995; 
Acemoglu 2003; Attanasio, Goldberg, and Pavcnik 2004; Burstein, Cravino, and 
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Vogel 2013; Koren and Csillag 2016; Raveh and Reshef 2016). But this conclusion 
was built on studies of trade-induced technological change. To date, there is no 
direct evidence on the average and distributional economic effects in poor countries 
of the spread of the modern information and communication technologies (ICT) that 
help explain increasing inequality in rich countries’ labor markets.

In this paper, we estimate how fast Internet—“the greatest invention of our time” 
(the Economist 2012)—affects poor countries’ economies.1 To do so, we compare 
individuals and firms in locations in Africa that are on the terrestrial network of 
Internet cables to those that are not. We compare these two groups during the grad-
ual arrival on the coast of submarine cables from Europe that greatly increase speed 
and capacity on the terrestrial network. We show how employment rates, occupa-
tional employment shares, job inequality across the educational attainment range, 
and the underlying extensive (Internet take-up) and intensive (Internet speed) mar-
gin, respond. We also show evidence on three particular mechanisms through which 
take-up and speed may affect employment: changes in firm entry, changes in pro-
ductivity in existing firms, and changes in exporting. Finally, we show how average 
incomes in locations that see changes in employment patterns with the arrival of fast 
Internet respond.

It has been difficult to study SBTC directly because, other than in local exper-
iments, ICT technologies are not randomly allocated, but introduced where eco-
nomic benefits are expected. While this is true everywhere, developing countries 
additionally tend to lack systematic and detailed labor market and firm-level data, 
especially in the poorest regions of the world, where the economic environment dif-
fers the most from the West (see Katz and Autor 1999, Bond and Van Reenen 2007, 
and Goldin and Katz 2007 for overviews of the SBTC literature on rich countries). 
We overcome the first obstacle by interacting time variation generated by the grad-
ual arrival of submarine Internet cables at landing points on Africa’s coast in the late 
2000s and early 2010s with cross-sectional variation in whether a given location 
is connected to the terrestrial “backbone” network that starts at the landing point 
cities.2 We overcome the second obstacle by combining employment data from rep-
resentative household surveys (panels at location level) from 12 African countries 
with a combined population of roughly half a billion people with firm-level data-
sets (panels at firm or location level) from Ethiopia, South Africa, and a group of 
6 African countries.3 We use the firm-level data to show evidence on three espe-
cially important mechanisms—firm entry, productivity, and exporting—through 
which fast Internet may affect employment.4 We also use data on Internet speed and 

1 We are not aware of existing causal evidence on this relationship. See World Bank (2016) for an overview of 
the existing correlational evidence, and more details below. 

2 During this period, each coastal country effectively had its own separate backbone network, as explained in 
Section I. 

3 One household survey (Afrobarometer) covers Benin, Ghana, Kenya, Madagascar, Mozambique, Nigeria, 
Senegal, Tanzania, and South Africa; and the other (DHS) Benin, D.R. Congo, Ghana, Kenya, Namibia, Nigeria, 
Togo, and Tanzania. We refer to these 12 countries jointly as “Africa” for simplicity. We also use a labor force sur-
vey from South Africa, and firm data from Ethiopia and Ghana, Kenya, Mauritania, Nigeria, Senegal, and Tanzania. 

4 We study a diverse subset of the world’s poorest countries and a transformative technology that may affect 
employment patterns through many different channels. Data limitations thus prevent us from investigating all such 
potential channels, or determining what share of the identified changes in employment patterns firm entry, productivity, 
and exporting account for. The literature on information frictions in developing countries, for example, hints at addi-
tional mechanisms that may also play a role (Bloom and Van Reenen 2007; Antràs, Garicano, and  Rossi-Hansberg, 
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take-up of the Internet to tie the reduced form estimates to the intensive and exten-
sive margin of use. Finally, we use data on night lights from satellite images to study 
how fast Internet ultimately affects (a proxy for) average incomes.5

Our approach differs from much of the related literature in that employment 
rates, rather than wages (among the employed), are our primary outcomes of inter-
est. This is partly for data availability reasons, but it is also a sensible choice in 
a developing region context. Job inequality includes inequality in human capital 
accumulation, future labor market prospects, and income that is due to (i) current  
(un)employment—a component that focusing on wage inequality would miss (see 
e.g., Magruder 2012, Hardy and McCasland 2015)—and (ii) the quality of the indi-
vidual’s job (if any) (see also Davis and Harrigan 2011; Card, Heining, and Kline 
2013; Card, Cardoso, and Kline 2016). Moreover, changes in the probability of a 
worker being employed in a position belonging to a given type of occupation are 
informative not only of demand for qualified workers, but also of trends in structural 
change in developing economies.

Our three main sets of results are as follows.6 First, we find that the probability 
that an individual is employed increases by 6.9 and 13.2 percent in the two groups 
of countries covered by our household survey datasets, and by 3.1 percent in South 
Africa, when fast Internet becomes available. We show that the increase in employ-
ment in connected areas is not due to displacement of jobs in unconnected areas.

Second, in both South Africa and the eight poorer countries covered by a house-
hold survey that records occupation information, we find that the probability of 
being employed in a position belonging to a skilled occupation increases substan-
tially, but the probability of holding an unskilled job is statistically unaffected when 
fast Internet becomes available. While the impact on overall trends in structural 
change is likely modest, fast Internet appears to shift employment shares towards 
 higher-productivity occupations.

Third, employment inequality if anything falls when fast Internet arrives in Africa. 
The percentage point increase in the probability of having a job is, for example, of 
comparable magnitude for those who only completed primary school and those with 
secondary or tertiary education in all three of our samples. The estimated increase 
in employment in a skilled occupation is biggest for those with tertiary education 
in the group of countries covered by a detailed household survey, but is comparable 
in magnitude across the educational attainment range in South Africa. In both these 
samples, those with only primary school see increased employment in unskilled 
occupations.

To compare these results to the existing evidence on recent SBTC in developed 
countries, we distinguish between the skill level of jobs and workers. Our findings 
suggest that fast Internet in Africa affects employers’ relative demand for skilled and 
unskilled positions similarly to “computerization” and broadband Internet in rich 

2008; Magruder 2010; Beaman and Magruder 2012; Allen 2014; Eaton et al. 2015; Hardy and McCasland 2015; 
Atkin et al. 2017; Mitra et al. forthcoming). 

5 See Henderson, Storeygard, and Weil (2012); Bleakley and Lin (2012); Michalopoulos and Papaioannou 
(2013, 2018); Lowe (2014) on night lights as a proxy for average incomes. 

6 That a given cable reaches different countries at different times and in a geographically determined order, and 
that we consider ten different cables, a priori lower concerns about nonparallel prior trends in economic outcomes 
in locations on versus off the backbone network. The collection of datasets we use enables an extensive battery of 
tests that supports a causal interpretation of our results. 
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countries (Autor, Katz, and Krueger 1998; Autor, Levy, and Murnane 2003; Autor, 
Katz, and Kearney 2008; Goos, Manning, and Salomons 2014; Katz and Margo 2014; 
Akerman, Gaarder, and Mogstad 2015), although the increase in overall employ-
ment and employment in skilled occupations is notably bigger in Africa. In contrast, 
while ICT tends to increase inequality across the educational attainment range in rich 
countries, fast Internet, if anything, decreases (un)employment inequality in Africa.7 
These results underscore that the factor bias of new technologies varies by context.

The changes in employment patterns observed when submarine Internet cables 
arrive in Africa occur through a combination of extensive margin (new users) and 
intensive margin (different use of the Internet by existing users) responses. We find 
a large and significant increase in net firm entry (in South Africa), notably in sectors 
that use ICT extensively (e.g., finance), and in the productivity of existing manu-
facturing firms (in Ethiopia). The latter finding comes from a procedure wherein we 
first estimate how factor output elasticities change with fast Internet, controlling for 
a possible simultaneous change in firm-level productivity (see De Loecker 2011) to 
uncover the technology’s (positional) skill bias in Ethiopia. In the last step of the 
procedure, we impose additional structure to estimate how firm level productivity 
responds, and find a significant increase. We also use World Bank Enterprise Survey 
data to show that firms in Ghana, Kenya, Mauritania, Nigeria, Senegal, and Tanzania 
appear to export more, communicate with clients online more, and train employees 
more after they get access to fast Internet.

In sum, the evidence we present indicates that greater and cheaper access to infor-
mation and communication due to availability of fast Internet increases employment 
rates in Africa, and that in at least some countries, this happens in part due to the 
technology’s impact on firm entry, productivity, and exports. In the final part of the 
paper, we show that average incomes rise in the areas that see changes in employ-
ment when fast Internet arrives.

This paper contributes to the literatures on the relationship between globalization 
and jobs, poverty, and inequality; structural change; and constraints on firm growth 
in developing countries. The “new” features of international trade uncovered in the 
recent body of work on globalization (see Feenstra and Hanson 2003; Goldberg and 
Pavcnik 2007; Harrison, McLaren, and McMillan 2011; Goldberg 2015 for over-
views) are important in part because they alter traditional models’ prediction that 
locally relatively abundant factors necessarily gain the most from global integra-
tion.8 A parallel literature convincingly demonstrates SBTC’s role in slowing wage 

7 Interestingly, Atasoy (2013) finds a relatively large correlation between Internet access and employment 
also in the United States. Specifically, that a county gaining access to broadband services is associated with a 
1.8 percentage points higher employment rate, and that the correlation is bigger in rural and isolated areas, among 
college-educated workers, and in industries and occupations that more-heavily utilize college-educated workers. 
Acemoglu and Autor (2011) and Michaels, Natraj, and Van Reenen (2014) find that, if three skill levels are consid-
ered, ICT technologies substitute most for middle-skill workers in rich countries. Of course, the types of positions 
that exist within a given skill category in Africa may differ from those in rich countries. 

8 Most existing studies find that trade liberalization tends to increase productivity in developing coun-
tries (Goldberg and Pavcnik 2007), with more varied effects on poverty (Topalova 2010; Winters, McCulloch, 
and McKay 2004) and employment rates (see e.g., Currie and Harrison 1997, Revenga 1997, Harrison and 
Revenga 1998, Márquez and Páges-Serra 1997, Levinsohn 1999, Moreira and Najberg 2000). Currie and Harrison 
(1997) is an exception in that they study (trade reform in) Africa (Morocco). Fajgelbaum and Khandelwal (2016) 
show that trade benefits the poor through another channel, i.e., because their consumption is relatively concentrated 
in traded goods. 
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growth and rising unemployment among less-educated workers in rich countries.9 
However, to our knowledge there is no direct, existing evidence on the causal rela-
tionship between employment rates, inequality, and incomes in developing countries 
and the ICT technologies that were shown to adversely affect the relative labor mar-
ket outcomes of low-skill workers in rich countries (Goldberg and Pavcnik 2007).10

To date, research on the factor bias of new technologies in developing coun-
tries has largely focused on how technology-driven improvements in agricultural 
productivity affect the movement of labor in and out of agriculture (see Syrquin 
1988 and Foster and Rosenzweig 2008 for overviews, and Bustos, Caprettini, and 
Ponticelli 2016 for a prominent recent example). Such movement is a form of struc-
tural change (Clark 1940; Lewis 1955; Banerjee and Newman 1993; Baumol 2013; 
Herrendorf, Rogerson, and Ákos Valentinyi 2014), i.e., a persistent change in the 
relative size of different sectors and occupations. Beyond the role of agricultural 
productivity and openness to trade, the drivers of structural change are not well 
understood.11

The literature on firms in developing countries has made considerable progress 
in the last decade and a half. The benefits of importing, exporting, and winning 
government contracts suggest that the size of the input and output markets that 
can be accessed is important even conditional on a firm’s initial productivity 
(see e.g., Frías, Kaplan, and Verhoogen 2009; Goldberg et al. 2010a, b; Amiti and 
Davis 2012; Brambilla, Lederman, and Porto 2012; Atkin, Khandelwal, and Osman 
2017; Ferraz, Finan, and Szerman 2015). Greater demand from richer  consumers 

9 The relative demand for college graduates increased from the late 1980s onwards with take-up of computers 
in Europe and the United States (Krueger 1993; Berman, Bound, and Griliches 1994; DiNardo and Pischke 1997; 
Autor, Katz, and Krueger 1998; Machin and Van Reenen 1998; Autor, Levy, and Murnane 2003; Beaudry and 
Green 2003, 2005; Beaudry, Doms, and Lewis 2010; Acemoglu and Autor 2011; Goos, Manning, and Salomons 
2014; Katz and Margo 2014; Michaels, Natraj, and Van Reenen 2014). The explanation lies not only in “direct” fac-
tor complementaries, but also in associated worker sorting and organizational change (Bartel and Sicherman 1999; 
Caroli and Van Reenen 2001; Bresnahan, Brynjolfsson, and Hitt 2002; Crespi, Criscuolo, and Haskel 2007; Bloom, 
Sadun, and Van Reenen 2012). Akerman, Gaarder, and Mogstad (2015) document an increase in the relative wages 
and productivity of high-skill workers when broadband Internet became available in Norway. More generally, 
SBTC studies that focus on advanced Internet technology in rich countries find positive correlations with local wage 
levels (see e.g., Czernich. et al. 2011, OECD 2013), and mixed results for the relative wage effects in richer versus 
poorer US counties (Forman, Goldfarb, and Greenstein 2012; Champion, Kosec, and Stanton 2012; Atasoy 2013). 
De Stefano, Kneller, and Timmis (2014) find no significant effect of broadband Internet on the performance of 
British firms. 

10 There are important existing studies of mobile phones, mobile money, and TV in poor countries that focus on 
price variation across space, risk sharing, and cultural change as outcomes (Jensen 2007; Jensen and Oster 2009; 
Aker 2010; La Ferrara, Chong,and Duryea 2012; Jack and Suri 2014). Jensen’s (2007) innovative study also shows 
that fishermen’s profits increased and consumer prices decreased when mobile phones helped eliminate price dis-
persion across markets in Kerala. There is also important indirect evidence on SBTC in developing countries from 
studies that use trade liberalization episodes or exchange rate variation that simultaneously affect trade and techno-
logical change for identification, including Harrison and Hanson (1999); Acemoglu (2003); Attanasio, Goldberg, 
and Pavcnik (2004); Aghion et al. (2005); Amiti and Cameron (2012); Frazer (2013); Raveh and Reshef (2016). 
Another indirect form of evidence that has been taken to suggest that SBTC has occurred in Latin America and India 
in recent decades is that the share of skilled workers has increased in most industries there (Goldberg and Pavcnik 
2007). Goldberg and Pavcnik (2007) note that the skill premium increased around the same time as trade reform 
occurred in several Latin American countries and India, but that inequality decreased in several Southeast Asian 
countries and China when they opened up their markets (see also Wood 1999, Wei and Wu 2002). Interestingly, 
while income inequality has increased in many African countries in recent decades, the picture for Africa as a whole 
is less clear than for Asia and Latin America (Harrison, McLaren, and McMillan 2011;  Dabla-Norris et al. 2015). 

11 Recent work on structural change has emphasized the importance of the manufacturing sector (Gollin, 
Parente, and Rogerson 2002; Lagakos and Waugh 2013; Gollin, Lagakos, and Waugh 2014; Rodrik Rodrik 2016), 
improvements in trends in structural change in Africa in the 2000s (McMillan and Harttgen 2014; McMillan, 
Rodrik, and Verduzco-Gallo 2014), and how trade liberalization can shift workers across sectors and across firms 
within sectors (see e.g., Attanasio, Goldberg, and Pavcnik 2004; Davis and Harrigan 2011; Young 2014). 
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abroad has in turn been shown to enable firms to learn and to produce higher 
quality products that may require more skilled workers (Verhoogen 2008; Frías, 
Kaplan, and Verhoogen, 2009; Atkin, Khandelwal, and Osman 2017; Hansman 
et al. 2017). Existing evidence also indicates that firms’ financial performance is 
enhanced by improved coordination with suppliers, access to credit, and good man-
agement (Bloom and Van Reenen 2007; de Mel, McKenzie, and Woodruff 2008; 
Bloom et al. 2013; Casaburi et al. 2013; Macchiavello and Miquel-Florensa 2015). 
However, we know little about what drives job creation, productivity, and exporting 
among firms in developing countries. This is especially true when the focus is on 
the poorest countries and/or the role of specific technologies or inputs. The existing 
literature reviewed here, the role of ICT in the resurgence of US productivity growth 
(Draca, Sadun, and Van Reenen 2007; Oliner, Sichel, and Stiroh 2007; Jorgenson, 
Ho, and Stiroh 2008; Syverson 2011), and a considerable body of important cor-
relational evidence from developing countries all underscore the promise of fast  
Internet.12

We make three main contributions to the literature. First, we use quasi-random 
variation in access to ICT technology to provide direct evidence on its impact on 
employment rates, job inequality, and incomes in 12 developing countries. These 
findings are important because they suggest that the factor bias of modern technolo-
gies differs in Africa. This implies that the primary explanation for rising inequality 
in poor countries may not be SBTC.

Second, we provide evidence on the relationship between structural change and 
ICT technology. This represents a first step towards understanding what drives 
structural change beyond the role of agricultural productivity and openness to trade. 
Our results qualify negative views of (other manifestations of) globalization in that 
fast Internet appears to increase both the share of skilled jobs and average incomes 
in Africa, and—at least in the Ethiopian context—productivity and employment in 
manufacturing.

Finally, we demonstrate how fast Internet affects employment, productivity, and 
exporting in African firms, expanding the body of evidence on why firms tend to 
grow slowly, and ways to stimulate job growth, in poor countries. Our findings on 
fast Internet and exports represent evidence of an interaction between technological 
change and trade that differs from trade-induced SBTC as analyzed by the existing 
literature.

The rest of the paper is organized as follows. In Section I we lay out the back-
ground on Internet and jobs in Africa and discuss examples of job creation often 
attributed to the submarine cables. In Section II we present our data, and in Section III 
the empirical strategy. The paper’s main results are in Section IV, and in Section V 
we analyze how fast Internet affects employment in Africa. Section VI explores the 
ultimate impact on incomes. Section VII concludes.

12 Qiang and Rossotto (2009) find that, across developing countries, a 10 percent increase in broadband pene-
tration is associated with a 1.38 percentage point higher GDP per capita growth rate. Clarke and Wallsten (2006) 
find that a 1 percentage point increase in Internet users is associated with 3.8 percentage points higher exports from 
low-income to high-income countries. Paunov and Rollo (2015) find that use of the Internet correlates positively 
with firm performance in a range of poor countries. Commander, Harrison, and Menezes-Filho (2011), using more 
detailed data on Brazilian and Indian manufacturing firms and more extensive controls, find the same for ICT tech-
nologies. Their novel results point to much higher rates of return to investment in ICT in Brazil and India than in 
developed countries. 
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I. Background

A. Internet Infrastructure and Use in Africa

In 2000, Africa as a whole had less international Internet bandwidth than the 
country of Luxembourg (ITU 2000). By 2013, 13 percent of all Africans used 
the Internet, compared to 36 percent globally (Internet Society 2013), and more 
than half of urban African adults owned Internet-capable devices (McKinsey 
Global Institute 2013). The forms of Internet infrastructure that reach users in 
Africa—the “last mile”—are fiber cables, copper cables, wireless transmission using 
cell towers, and satellites (de M. Cordeiro et al. 2003, Gallaugher 2012). Prior to 
the last mile, Internet traffic travels through a national “backbone” of bigger (typi-
cally fiber) cables, as depicted in Figure 1 for South Africa. The backbone was built 
by a national telecom in almost all countries, sometimes with “branches” added 
by private telecoms. Since Internet traffic was initially transmitted through tele-
phone cables, the majority of the backbone network cables date back many decades  
(ITU 2013).

In the 2000s, submarine Internet cables from Europe were built by consortia 
made up of private investors, African governments, and/or multilateral organizations 

Enumeration area

Backbone

Submarine cables

Enumeration area centroids

Figure 1. The Terrestrial Backbone Network, Enumeration Areas Used for Location Fixed Effects,  
and Sampling Clusters (Southwestern South Africa and SA-QLFS Dataset as Example)

Notes: This figure shows submarine Internet cables arriving to Yzerfontein, just north of Cape Town in South 
Africa, the country’s terrestrial backbone network, and centroids of the SA-QLFS enumeration areas. Enumeration 
areas are used for location fixed effects.
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(OECD 2014).13 The submarine cables were brought to shore at landing points along 
the coast, typically one in each country passed by the cable. These were usually 
located just outside of a big city that was connected to the national backbone. Figure 2 
shows the ten submarine cables that arrived in Africa during 2006–2014, as reported 
by Mahlknecht (2014).

13 One of the ten submarine cables that arrived in Africa during our data period connected the continent with 
both Europe and India, and another one with the UAE. We refer to the connection point of the submarine cables 
outside of Africa as “Europe” for simplicity. 

Panel A. 2009:III Panel B. 2009:IV

Panel C. 2010:III Panel D. 2011:II

Panel E. 2012:II Panel F. 2012:IV

Figure 2. Submarine Internet Cable Arrival in Africa

Notes: This figure shows the arrival of submarine Internet cables in Africa over time. The first two cables during 
our analysis period arrived in 2009:III and the last in 2012:IV. The submarine cables are Seacom and Teams  
(2009:III), Lion (2009:IV), Eassy and MainOne (2010:III), Glo1 (2011:II), WACS (2012:II), and ACE (2012:IV).
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Once plugged in, the submarine cables brought much faster speed and traffic 
capacities on Internet traffic to and from other continents to locations in Africa con-
nected to the terrestrial network.14 On a cable network, the technologically feasible 
increase in speeds and traffic post-submarine cable plug-in decays with cable length 
to the landing point to a negligible extent. In general, technological bottlenecks 
therefore arise at the backbone-level primarily where networks owned by different 
owners connect to each other.

In such cases, the Internet service providers (ISPs) operating on network A 
will transmit content to (physically connected) network B directly only if the two 
networks are collaborating, for example through “peering” (ITU 2013). If not, the 
fees that African networks charge each other for the exchange of traffic (“transit”) 
are such that content stored on network A would likely be sent via other conti-
nents to users on network B (“tromboning”). This partly explains the submarine 
cables’ predicted effect on experienced speed and capacity, but a more important 
contributor is that “in Africa very little Internet content is sourced locally, with 
the vast  majority sourced internationally—including local content that is hosted 
overseas” (Kende and Rose 2015, p. 15).15 For example, Chavula et al. (2014) 
found that on average 75 percent of the traffic originating in Africa that is destined 
for African universities traverse links outside the continent, and Kende and Rose 
(2015) report that all of the top 14 commercial websites in Rwanda are hosted in 
Europe or the United States.

The need for African Internet traffic to travel overseas is important for this paper. 
In combination with each country being covered by a single backbone network, the 
lack of spillovers from one coastal country’s submarine connection to neighboring 
countries means that each country has a specific treatment date—the date when the 
first cable has arrived at the country’s landing point and is plugged in.16

In Table 1 we show the mean and standard deviation of Internet speeds and use 
of the Internet across locations in Africa before the submarine cables arrived. The 
average (measured) speed was 430 kbps, with a standard deviation of 419 kbps.17 
These relatively high numbers partly reflect the fact that our speed data measure 
nonmobile connections. (In Section II we describe the data in detail; some lim-
itations of the speed measure are discussed in Subsection IVA). The proportion of 
individuals in the countries covered by one of our household survey datasets who 
used the Internet daily and weekly was 10 and 20 percent on average, with standard 
deviations of 30 and 40 percent.

14 Being reached by submarine Internet cables from Europe implies a faster connection also to North America 
and other continents because of the extensive Internet infrastructure that connects Europe with other continents. 

15 The main reason is cost: “one content developer reported spending US$49.99 per year for up to 150GB 
capacity overseas, compared to a Rwandan offer of over US$900 for 50GB capacity” (Kende and Rose 2015, p. 3). 
Africa pays over US$600 million a year for within-Africa traffic exchange that is carried outside the continent 
(Internet Society 2013). 

16 We exclude landlocked countries from our analysis because the extent to which they get treated (through 
coastal neighbors) is unclear. 

17 These numbers exclude the four biggest cities in each country (see Table 2). 
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Table 1—Internet Speed and Use, Employment Outcomes, Firm Entry, and Incomes  
Before Submarine Cable Arrival

Connected 
[Standard 
deviation]

Unconnected
[Standard 
deviation]

All 
[Standard 
deviation]

Raw baseline 
difference
[t-statistic]

Internet outcomes: location and individual level

Internet speed, kbps (location, from Akamai) 453.64 423.47 429.60 30.17
[319.92] [443.87] [419.31] [0.27]

Daily Internet use (individual, from Afrobarometer) 0.08 0.11 0.10 −0.03
[0.27] [0.32] [0.30] [−2.42]

Weekly Internet use (individual,  
 from Afrobarometer)

0.16 0.21 0.20 −0.05
[0.37] [0.41] [0.40] [−2.61]

Employment outcomes: individual level

Benin, D.R. Congo, Ghana, Kenya, Namibia, Nigeria, Togo, Tanzania (DHS)
 Employment 0.67 0.68 0.68 −0.01

[0.47] [0.47] [0.47] [−1.46]

 Skilled 0.57 0.58 0.58 −0.01
[0.49] [0.49] [0.49] [−1.05]

Benin, Ghana, Kenya, Madagascar, Mozambique, Nigeria, Senegal, South Africa, Tanzania (Afrobarometer)
 Employment 0.56 0.59 0.58 −0.03

[0.50] [0.49] [0.49] [−1.57]

South Africa (QLFS)
 Employment 0.77 0.71 0.72 0.06

[0.42] [0.45] [0.45] [7.99]

 Skilled 0.55 0.49 0.50 0.07
[0.50] [0.50] [0.50] [8.13]

 Hours worked 45.26 45.38 45.36 −0.11
[14.20] [15.03] [14.92] [−0.41]

 Wants to work more 0.62 0.66 0.66 −0.04
[0.48] [0.47] [0.47] [−5.82]

 Formal employment 0.54 0.47 0.48 0.07
[0.50] [0.50] [0.50] [7.83]

 Informal employment 0.12 0.12 0.12 0.00
[0.33] [0.33] [0.33] [−0.67]

Employment outcomes: firm level

Number employees (from Ethiopia LMMIS) 73.90 80.83 75.47 −6.93
[146.40] [300.12] [192.31] [−0.35]

Number skilled positions (from Ethiopia LMMIS) 24.30 23.85 24.20 0.45
[73.21] [132.75] [90.19] [0.05]

Net firm entry: location level

Net zip-code firm entry per quarter  
 (from South Africa CIPC)

3.46 3.31 3.33 0.15
[5.01] [5.48] [5.42] [1.58]

Average local incomes: location level

Light density at night (from NOAA) 3.62 1.41 1.54 2.21
[10.21] [6.15] [6.47] [8.89]

Notes: All measures displayed are from the period before submarine cable arrival. Internet speed data come from 
Akamai. They provided us with quarterly data on average connection speeds for  ∼900 African locations during the 
2007–2013 period. These locations are shown in online Appendix Figure A1. Akamai averages the speeds recorded 
for residential users, educational institutions, government offices, and firms in a given location  ×  quarter, excluding 
those who connect via mobile networks. We restrict to location  × quarters for which the speed measure is based on 
more than ten unique IP addresses. (We also exclude the 4 biggest cities in each country from the speed data sam-
ple in this table; see Table 2). Internet use rates come from Afrobarometer (survey countries and years are listed in 
online Appendix Table A1). We restrict the (individual level) Afrobarometer sample to observations near ( < 20 km) 
Akamai locations for comparability (see Table 2). Employment rates are from Demographic Health Surveys (DHS), 
Afrobarometer, and South African Quarterly Labor Force Surveys (QLFS). Occupational skill levels in DHS and 
QLFS are defined according to ILO ISCO standards. Firm data are from the Ethiopia Large and Medium Scale 
Manufacturing Industries Survey (LMMIS). In LMMIS, skilled positions are defined as those where earnings are 
more than 800 Birr per year (roughly the sample salary median). Net firm entry comes from South Africa CIPC and 
light density at night (a proxy for average local incomes) comes from NOAA. Individuals (locations) are considered 
connected if they are closer than 0.5 km to the backbone network. Standard deviations are shown in square brackets 
in columns 1–3, and t-statistics are shown in square brackets in column 4. 
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B. Jobs and Firms in Africa

The 2006–2014 period we focus on was a period of high economic growth in many 
African countries.18 Given their diversity, we do not attempt to describe an average 
labor market among the 12 countries in our sample here. Instead, the second panel of 
Table 1 displays, for the groups of countries covered by our respective datasets, and 
focusing again on the period before fast Internet became available, the proportion of 
individuals that have a job, and the proportion that have a job in a skilled occupa-
tion. In Benin, D.R. Congo, Ghana, Kenya, Namibia, Nigeria, Togo, and Tanzania 
(the DHS sample), the employment rate is on average 68 percent, with a standard 
deviation of 47 percent. In Benin, Ghana, Kenya, Madagascar, Mozambique, Nigeria, 
Senegal, Tanzania, and South Africa (the Afrobarometer sample), the employment 
rate is on average 58 percent, with a standard deviation of 49 percent. In South Africa, 
the employment rate is 72 percent, with a standard deviation of 45 percent.

In the first group of countries, 58 percent have a job that belongs to a skilled occu-
pation as defined by the International Labour Organization (ILO), with a standard 
deviation of 49 percent.19 We also observe the type of occupation to which an indi-
vidual’s job belongs (and several additional employment related outcomes) in South 
Africa. There, 50 percent have a skilled job (SD = 50 percent), average hours 
worked per week among the employed are 45 (SD = 15 hours), 66 percent “want 
to work more” (SD = 47 percent), 48 percent have a formal job (SD = 50 per-
cent), and 12 percent have an informal job (SD = 33 percent).

In the third panel of Table 1, we show that large- and medium-sized Ethiopian 
manufacturing firms have 75 employees on average, with a standard deviation of 192. 
The number of skilled positions per firm, as proxied by high salary positions, is 24.

We return to the comparison between eventually treated and untreated locations 
in Section III.

C. Examples of New Job Creation after the Arrival of Fast Internet

Many media articles and case studies illustrate new, and new types, of jobs in 
Africa being created after the arrival of fast Internet. Scruggs (2015) reports that 
“In 2009, a submarine fiber-optic cable landed in Mombassa. […] Six years later, 
Nairobi is bursting with technology startups like Shop Soko, a sort of Etsy for 
Africa that allows shopkeepers to sell handmade goods to consumers worldwide. 
The Kenyan capital has also emerged as [a] base for high-tech heavyweights such 
as Google, IBM and Intel. From 2002 to 2010, the value of Kenya’s tech exports 
rose from US$16 million to US$360 million.” Nairobi’s iHub incubator had helped 
develop more than 150 new businesses by 2013 (McKinsey Global Institute 2013). 
Similarly, Harris (2012) reports that “With the landing of new submarine telecom 
cables off South Africa’s coastline starting in 2009, bandwidth prices began to 
 tumble, removing one of the most significant barriers to the global competitiveness 

18 However, some countries in our sample, especially South Africa, were badly affected by the 2008 global 
financial crisis. 

19 ILO’s definition of skilled occupations is fairly broad; in Section IVE we consider each of the underlying 
subcategories. 
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of the country’s IT industry. That was a catalyst for the explosion of Cape Town’s 
tech scene […] [and] stature as a business process outsourcing [BPO] and offshoring 
hub.” In 2013 there were more than 54,000 jobs in South Africa’s new BPO sector, 
and Morocco’s was at similar scale (McKinsey Global Institute 2013). Growth in 
the technology sector also has add-on benefits in other sectors, e.g., construction.20

Nigeria is one of the African countries where “eCommerce” has taken off, driven 
in part by major online retailers that also operate e.g. in Egypt, Ivory Coast, Kenya, 
and Morocco (Rice 2013). Online purchases in Nigeria stood at more than US$1 bil-
lion in 2014, tripling in 3 years (Atuanya and Augie 2013). Adepetun (2014) of 
the online news site AllAfrica.com, argues, based on interviews with officials and 
industry executives, that Nigeria’s ICT sector from 2004 to 2014 created 100,000 
direct jobs, and 1.1 million jobs indirectly, and that eCommerce and ICT’s success 
in Nigeria is due in part to the arrival of the submarine cables.

Kenya, Nigeria, and South Africa all now have a manufacturing sector producing 
Internet-capable devices for the African market, such as low-cost cell phones and 
computers (McKinsey Global Institute 2013).

There are also signs that the arrival of fast Internet helped make supply chain coor-
dination easier. Mozambican moWoza and similar start-ups elsewhere use apps and 
websites to deploy drivers to deliver parcels from wholesalers to traders, and doing 
the bureaucracy required to import and export in Ghana online has decreased delays 
considerably (McKinsey Global Institute 2013). Such supply chain improvement is 
believed to enhance productivity in agribusiness and manufacturing. For example, 
the adoption of cloud-based supply-chain management solutions by the Kenyan Tea 
Development Agency connected around 60 tea factories with the farmers that supply 
them. This reportedly reduced delays at collection points and fraud, and increased 
tea factories’ productivity and farmers’ incomes (Business Daily 2009, GIZ 2014).

Technology start-ups, BPO, eCommerce, new forms of manufacturing, and inno-
vative supply-chain management companies and regulatory agencies that make doing 
business easier for factories and farmers are examples of the ways in which fast Internet 
may enable greater job creation. But the technology may also eliminate jobs in some 
occupations—or conceivably even on average—for example due to automation or 
increased exposure to Asian competition. In the next section we present the data that 
we use to investigate the causal impact of fast Internet on employment in Africa.

II. Data

Our outcome data come from the following sources:

Afrobarometer: surveys are nationally representative repeated cross-sections, 
conducted every two-three years in many African countries. The order in which 
locations are surveyed is randomly determined. We geo-code the location based on 
 information provided on the respondent’s residence. Men and women of voting age 
are interviewed. The survey asks socioeconomic questions. We use Afrobarometer 
data from coastal countries that had survey rounds both before and after sub-

20 Scruggs (2015): “In Nairobi’s Kilimani area, where the tech scene is centered, ten-story office buildings are 
shooting up.” 
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marine cable arrival in the relevant country: Benin, Ghana, Kenya, Madagascar, 
Mozambique, Nigeria, Senegal, Tanzania, and South Africa.

From Afrobarometer we construct an outcome variable for the individual being 
employed.21 We also use variables on educational attainment and Internet use.

Demographic and Health Surveys (DHS): are nationally representative repeated 
cross-sections. The order in which sampling clusters are surveyed is randomly 
determined. GPS coordinates for sampling clusters are recorded. Women and men 
between 15 and 49 years old are interviewed.22 The survey asks questions about 
labor market participation, health, and demographic background. We use DHS data 
from coastal countries that had survey rounds both before and after submarine cable 
arrival in the relevant country: Benin, D.R. Congo, Ghana, Kenya, Namibia, Nigeria, 
Togo, and Tanzania.

From DHS we construct outcome variables for the individual being employed,23 
and for being employed in a specific type of occupation. We also use educational 
attainment variables.

The South Africa Quarterly Labor Force Survey (QLFS): is a nationally repre-
sentative repeated cross-section. Unlike in Afrobarometer and DHS, QLFS surveys 
are carried out every quarter. GPS coordinates for enumeration areas are recorded. 
The current version of the survey began in 2008.24

From QLFS we construct outcome variables for the individual being employed,25 
and for being employed in a specific type of occupation. We also use educational 
attainment and other employment-related variables.

South African companies are required to register with the Companies and 

Intellectual Property Commission (CIPC) Firm Registry. We use the resulting  zip 
code  ×  date level panel registry, which captures entry and exit of formal firms. CIPC 
provided us with data from 2007:I to 2014:IV. We code up each firm’s sector when 
its name contains sufficient information to do so.26

The Ethiopia Large and Medium Scale Manufacturing Industries Survey 
(LMMIS): is an annual survey of all Ethiopian manufacturing establishments that 
engage ten or more persons and use power-driven machines. We use the 2006 to 
2013 rounds. The survey collects information on employees, inputs, production, 
sales, and assets, and is used to construct the country’s national accounts.

21 The question is “Do you have a job that pays a cash income?” 
22 DHS surveys both women and men, but its primary focus is on women (and children) and fewer men are 

surveyed. About 30 percent of the DHS sample we use is male. Note also that, for two of the countries in our DHS 
sample (Tanzania and Togo), the pretreatment survey round we use was conducted in the late 1990s, rather than in 
the years preceding the arrival of submarine cables as for the other countries (these two countries did not have a sur-
vey round in the years preceding the arrival of submarine cables). Our results are very similar if these two countries 
are excluded. In Afrobarometer, Tanzania was surveyed in 2008. 

23 The question is “Aside from your own housework, have you done any work in the last seven days?” 
24 From 2010:III onwards, the QLFS changed the way observations are linked to enumeration areas and loca-

tions. We thus restrict attention to the period prior to then. 
25 The question is “In the last week, did you work for a wage, salary, commission or any payment in kind 

(including paid domestic work), even if it was only one hour?” 
26 The procedure is described in the online Appendix. We were able to assign a sector to 67 percent of the firms 

based on their names. 
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From LMMIS we construct an outcome variable for the number of employees per 
firm. As proxies for skilled and unskilled positions, we use high-salary and  low-salary 
positions.27 When estimating production functions, we also use measures of output 
(value added), capital (total book value), and intermediate inputs.

The World Bank Enterprise Survey (WBES): is a nationally representative sample 
of formal firms from all sectors with five or more employees. The survey asks about 
the business environment, operations, output, and input use. We use WBES data from 
coastal countries that had survey rounds both before and after submarine cable arrival 
in the relevant country: Ghana, Kenya, Mauritania, Nigeria, Senegal, and Tanzania. 
The surveys for these countries were carried out in 2006, 2007, 2013, and 2014.

From WBES we use an outcome variable for the number of employees per firm. 
We also use measures of sales per unit of labor costs; direct exports; communication 
with clients through a website and email; and whether the firm provides training to 
its employees.

We also use Internet infrastructure and speed data. We use Mahlknecht’s map 

of submarine cables to measure landing points and times (Mahlknecht 2014), and 
www.africabandwidthmaps.com and AfTerFibre’s (AfTerFibre 2014) maps of ter-
restrial backbone networks to measure locations’ connectivity.28

Our data on Internet speeds come from the content delivery network Akamai 
Technologies, Inc., which owns servers worldwide and serves 15–30 percent of all 
Internet traffic. Akamai averages the speeds recorded for residential users, edu-
cational institutions, government offices, and firms in a given location  ×  quarter, 
excluding those who connect via mobile networks. (We discuss a limitation of this 
measurement method in Subsection IVA). Akamai provided us with quarterly data 
on average connection speeds for  ∼ 900 African locations during the 2007–2014 
period. These locations are shown in Appendix Figure A1.

III. Empirical Strategy

We analyze the relationship between employment patterns in a given location and 
time period on the one hand and whether or not the location is connected to submarine 
Internet cables from Europe via the terrestrial backbone network on the other. We run

(1)   y ij(i)c(i)t   = α + β SubmarineCables c(i)t   ×  Connected i   +  δ j(i)   ×  Connected i  

 +  γ c(i)t   +  ϵ ij(i)c(i)t   ,

where   y ij(i)c(i)t    is an outcome for individual  i  in grid-cell  j(i) , country  c(i) , and time 
period  t .   SubmarineCables c(i)t    is a dummy variable equal to one if the backbone 
network in country  c(i)  has been connected to at least one submarine cable at  t  , and 

27 LMMIS does not contain information on occupational categories. Skilled (high-salary)/unskilled 
( low-salary) positions are defined as those where salary is higher/lower than 800 Birr per year, approximately 
the sample salary median. 

28 We consider Ethiopia “treated” because it is well documented that its backbone became internation-
ally connected via the submarine cable landing in Djibouti, which was planned and built to also cover Ethiopia 
(Giorgis 2010, Oxford Business Group 2016). 
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  Connected i    is a dummy variable equal to one if individual  i ’s location is connected 
to the backbone network. In some parts of our analysis,  i  represents a firm or geo-
graphical location rather than an individual.

The interaction between 0.1 ×   0.1 degree ( ∼ 10  ×  10 km) grid-cell fixed 
effects—   δ j(i)   —and the   Connected i    indicator controls for any time-invariant differ-
ences in employment outcomes that may be correlated with access to fast Internet. 
These can be included because all our datasets are panels at “  δ j(i)   ×  Connected i    
level.” Some of our datasets are sufficiently balanced across time at the lowest geo-
graphical level at which  i ’s location is reported (e.g., an enumeration area) that 
  δ j(i)   ×  Connected i    can be replaced with location fixed effects defined at that level.29

Country-specific time period (quarter or year) fixed effects,   γ c(i)t   , control for any 
within-country-location-invariant changes in employment outcomes that may be 
correlated with getting access to fast Internet.30 The effect of fast Internet is thus 
identified off of the comparison between the change in outcomes for locations that 
gain access to fast Internet in a given quarter or year and the change in outcomes for 
other locations in the same country that do not gain access at the same point in time.

We cluster the standard errors at location level; i.e.,  j(i) . Most of our outcome 
variables are 0/1; the ones that are not are highly skewed. We transform these using 
the inverse hyperbolic sine (asinh).31

Since we lack information on last mile infrastructure at the local level,32 we 
define  i ’s location as connected if it is near infrastructure that makes availability of 
fast Internet possible, i.e., the country’s backbone network. (We refer to a location 
as treated at  t  if additionally at least one submarine cable has arrived in the country 
at  t ). We use maps of Africa’s backbone networks prior to the arrival of the ten sub-
marine cables to measure such connectivity.33 Specifically, we define as connected 

29 In such cases there is no need to include interactions between location fixed effects and   Connected i    because 
the lowest geographical level at which  i ’s location is reported is either connected or not in these datasets. On the 
other hand, in DHS and Afrobarometer, information on an individual’s village or neighborhood is reported, but 
during our data period specific villages/neighborhoods rarely appear in two different survey rounds of which one 
is conducted before and one after submarine cable arrival. The connected and unconnected parts of 10  ×  10 km 
grid-cells, however, often do. Note that   δ j(i)   ×  Connected i    is shorthand in (1) in the sense that we interact   δ j(i)    both 
with the   Connected i    dummy and the converse dummy for not being connected. 

30 Online Appendix Table A1 lists when the countries in our sample were surveyed and when they were reached 
by submarine cables. We use the quarter in which the survey was conducted (or to which the observation belongs) 
to designate a given observation as pre- versus post-submarine cable arrival in all our outcome datasets as this is 
the time level at which Mahlknecht’s (2014) map of submarine cables reports arrival times in the various landing 
point cities along the coast.

31 Our results are robust to instead clustering the standard errors at the level of administrative units and to 
computing standard errors using methods designed to account for spatial correlation, as discussed in Section IV. 
The asinh function closely parallels the natural logarithm function, but is well defined at zero (see Card and 
DellaVigna forthcoming).

32 In Subsection IA we discussed how the technologically feasible increase in traffic and speeds post-submarine 
cable arrival decays with cable length along backbone networks to a negligible extent. Connectivity is lower further 
away from than close to the backbone network, but the connectivity reach beyond the backbone network depends 
on the last mile infrastructure in place in a given area (Commonwealth Telecommunications Organisation 2012, 
Banerji and Chowdhury 2013). 

33 To construct our map of the initial backbone network, we start with AfTerFibre’s 2013 map (which is publicly 
and freely available, and for which corresponding GIS shape files are provided). We then use a map of backbone 
networks in Africa from www.africabandwidthmaps.com that is available (for purchase, and without shape files) 
both for 2009:II and 2013:II to identify the (few) backbone segments built during that period. Finally, we “remove” 
these new segments from the AfTerFibre map. We calculate the distance between an individual, firm or location in 
the sample, and the nearest point on the country’s backbone network. (For QLFS, we observe the location of the 
( ∼ 80,000) enumeration areas individuals belong to. In QLFS we thus define the location of the individual as the 
GPS coordinates of the centroid of his or her enumeration area).
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those locations that are less than 500 meters from the backbone network. Dividing 
the sample into two groups facilitates easy inspection of possible differences in 
pretrends in the outcomes across connected versus unconnected locations, and this 
approach also simplifies interpretation of the estimates. In Section IV, we show that 
our results are robust to varying the radius used to define connectivity, and to relax-
ing the binary definition of connectivity.34

We exclude locations that are further than 10 km from the backbone network. The 
identifying assumption is that locations close to and somewhat further away from 
the terrestrial backbone network were on parallel trends in employment outcomes 
prior to the arrival of submarine Internet cables in Africa and did not experience 
systematically different idiosyncratic shocks after the cables arrived. To illustrate 
the geographical variation that we exploit, Figures 1 and 3 display points where we 
observe individuals’ location, the backbone networks, and the areas we use to define 
location fixed effects for two specific areas and datasets (southwestern South Africa 
for the QLFS dataset and southern Ghana for the Afrobarometer dataset).

Table 1 shows, in addition to the overall employment rates by groups of coun-
tries covered by our respective datasets, the breakdown by connected versus uncon-
nected areas. Differences in employment rates are small in most countries; in the 
DHS and Afrobarometer countries the employment rate is respectively 1 and 3 
percentage points higher in unconnected areas, while in South Africa the employ-
ment rate is 6 percentage points higher in connected areas. The rate of employment 
in skilled positions is 1 percentage point higher in unconnected areas in the DHS 
countries, and 7 percentage points higher in connected areas in South Africa. Firms 
on average employ 74/81 and 24/24 workers overall and in skilled positions in  
connected/unconnected areas in Ethiopia. Internet speeds are slightly higher in con-
nected areas, whereas take-up rates are slightly higher in unconnected areas.35

In Subsection IVC we investigate possible violations of the identifying assumption 
of parallel trends. We show that our results are robust to varying the radius around 
the backbone network used to define connectivity status; to varying the size of the 
grid-cells used to define location fixed effects; to defining the backbone network as 
the intersection of cables reported by two different data sources; to excluding land-
ing point locations; to including placebo treatments that interact   SubmarineCables it    
with proximity to roads, electricity networks or 3G coverage; to controlling for 
location-specific linear and nonlinear trends in the outcomes; to including leads and 
lags of   SubmarineCables it   ; and to alternative ways to compute standard errors. We 

34 Given that back-haul networks (such as metropolitan loops) were generally lacking in sub-Saharan Africa 
during our data period, most telephone and Internet exchange points were likely located along the national back-
bones. Technological considerations indicate that 500 meters is a reasonable proxy for potential fast Internet reach 
beyond the backbone cables for copper-cable last mile technologies. (For last mile transmission via microwaves, 
the distance-connectivity relationship beyond the backbone is less clear-cut. We thus choose a conservative radius 
based on copper-cable technologies.) Our empirical strategy may underestimate the true effect of fast Internet in 
treated locations since locations further than 500 meters from the backbone network may also benefit from the 
arrival of submarine cables, even if they do so to a lesser extent. It is also possible that neighboring locations suffer 
(or benefit) from the greater increase in access to fast Internet in connected locations. In Section IV we vary the 
assumed connectivity radius and also compare locations at varying distances to the backbone network.

35 Column 4 in Table 1 displays the raw baseline differences between connected—that is, eventually treated—and 
unconnected locations/firms/individuals in our samples. Recall that the generalized  difference-in-differences 
approach used in our empirical analysis nets out any level differences. 
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also show direct evidence of parallel pretrends, and that our estimates remain signif-
icant if we use a nonparametric permutation test for inference.

Figure 2 shows the submarine cables that had arrived in different landing point 
locations along the coast at various times during our data period. The figure illus-
trates two important aspects of the identifying variation we exploit. First, submarine 
cables arrive at many different points in time and at different points in time in dif-
ferent countries. This means that we compare connected and unconnected locations 
across many different points in time rather than a single date. Second, the order in 
which different countries are reached by a given submarine cable is geographically 
determined. It is, thus, a priori unlikely that arrival times correlate with temporal 
variation across countries in differences between the economic trajectories of con-
nected and unconnected areas.

IV. Results

A. Submarine Cable Arrival and Internet Speed and Use

Before analyzing how access to fast Internet affects employment in Africa, we 
document that the arrival of submarine cables increases both average speeds and 
use of the Internet. Columns 1 to 3 of Table 2 show results from running (1) with 
the outcome defined as the average Internet speed in a given location  ×  quarter as 
measured in Akamai’s data. We find that cable arrival increases measured speed 
in connected locations, relative to unconnected locations, by around 35 percent 
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Figure 3. The Terrestrial Backbone Network, Grid-Cells Used for Location Fixed Effects,  
and Sampling Clusters (Southern Ghana and Afrobarometer Dataset as Example)

Notes: This figure shows submarine Internet cables arriving to the Accra region in Ghana, the country’s terres-
trial backbone network, and locations from the Afrobarometer. Grid-cells are 0.1 × 0.1 decimal degrees, which is 
roughly 10 × 10 km, and are used for location fixed effects.
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in the full sample, 36 percent when we leave out the biggest cities in each coun-
try, and by around 38 percent when we also control for interactions between the   
Connected i    indicator and the time period fixed effects. (We motivate this control in 
Subsection IVC).36

Akamai informed us that, because only a fraction of their African speed tests 
were “sent” to servers on other continents during our data period, the coefficients 
estimated in columns 1 to 3 of Table 2 are likely much smaller than the true effect 
of the submarine cables on speeds experienced by users.37 This is in line with 
 numerous media articles and existing analyses reporting large increases in speed 
with the arrival of submarine cables in Africa (see e.g., BBC 2009, CNN 2009, 

36 We display results excluding the biggest cities because the 500-meter connectivity radius may misclassify the 
biggest, connected cities in Akamai’s sample as unconnected, as explained in more detail in the notes to the table. 

37 The reason is that Akamai’s technology normally tests a user’s speed of connection to a nearby server. In 
general, during our data period, the speed recorded was that to a server in another country—typically in or via 
Europe—only in cases where Akamai did not own a server that was located within the user’s ISP’s own network or 
directly upstream. It is, however, primarily speeds on traffic to other continents that are affected by the submarine 
cables, as discussed in Subsection IA. Almost all Internet traffic from Africa did indeed travel to or via other con-
tinents during our data period, as also discussed in Section IA. Despite significant efforts, we have not managed to 
find Internet speed data covering our data period that explicitly measure speeds between specific locations in Africa 
and other continents over time, and Akamai would not share a more detailed version of their data (that could allow 
us to separate out the speed tests that were sent to other continents) with us. 

Table 2—Submarine Cable Arrival and Internet Speed and Use 

 
Outcome

 
Internet speed (asinh)

Internet use

Daily (0/1) Weekly (0/1)

Unit of analysis Location Individual

Sample Akamai Afrobarometer

(1) (2) (3) (4) (5) (6) (7)

SubmarineCables 
  ×  Connected

0.354 0.362 0.380 0.082 0.124 0.123 0.142
(0.137) (0.176) (0.191) (0.028) (0.050) (0.032) (0.053)

Observations 2,533 1,670 1,670 4,160 4,160 4,160 4,160
Mean of outcome 0.10 0.10 0.20 0.20

Country  ×  time FE Yes Yes Yes Yes Yes Yes Yes
Location FE Yes Yes Yes Yes Yes Yes Yes
Number unique IPs  >  10 Yes Yes Yes No No No No
Connected  ×  time FE No No Yes No Yes No Yes
Including biggest cities Yes No No No No No No

Notes: Internet speed (kbps) and use (0/1) data come from Akamai and Afrobarometer respectively (more details in 
Table 1). Akamai data is for 2007–2014 and the locations are shown in online Appendix Figure A1. Afrobarometer 
survey countries and years are listed in online Appendix Table A1. Akamai recommends focusing on location   
×   quarters for which the speed measure is based on more than 1,000 unique IP addresses, but this dramatically 
reduces the sample size. We thus restrict to number unique IP > 10. Individuals (locations) are considered con-
nected if they are closer than 0.5 km to the backbone network. This indicator may incorrectly classify large, con-
nected cities as unconnected when the city is considered as one geographical unit. Since the Akamai data is at 
location/city  ×   quarter level (e.g., Cape Town  ×  2009:I), we exclude each country’s four largest cities (as defined 
by UNData) from the Akamai sample (if they are present in the sample to begin with). As seen in column 1, the 
estimated effect of fast Internet is of similar magnitude and significant also in the full sample. (Note that this issue 
is not relevant to our other datasets, where we have much more fine-grained information on individuals and firms’ 
location). We restrict the (individual level) Afrobarometer sample to observations near ( <  20 km) Akamai locations 
for comparability. Time FEs are years. Location FEs are the reported location (a village/neighborhood or city) in 
both samples. Robust standard errors clustered at the level of location FEs in parentheses.
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Akamai 2012), and with a large positive jump in country-level average broadband 
speeds when submarine cables arrive.38

In the Afrobarometer surveys, respondents are asked if they use the Internet daily 
or weekly. In columns 4 and 6 of Table 2, we show results from again running (1), 
except that the outcome variable is now a dummy for the individual reporting that she 
uses the Internet. We find that submarine cable arrival increases the probability that 
an individual uses the Internet daily in connected relative to unconnected locations 
by about 8 percent on average, and the probability that she uses the Internet weekly 
by about 12 percent. When we control for interactions between the   Connected i    indi-
cator and time period fixed effects in columns 5 and 7, the estimated effect on daily 
and weekly Internet use is respectively 12 and 14 percent.

There are likely two reasons why use of the Internet increases with submarine 
cable arrival. First, the technology becomes more useful to potential users. Second, 
the arrival of the submarine cables led to “drastic falls in prices for international 
capacity” (Kende and Rose 2015, p. 15); a cost decrease that ISPs likely partly pass 
on to users via lower prices. This is supported by Appendix Figure A1, where we use 
country-level data from the International Telecommunication Union (ITU). As seen 
in the figure, there is no discernible trend in broadband subscription or connection 
charges before submarine cable arrival, whereas we see a large decrease in charges 
the years after the cables arrive.

Of course, the increase in take-up by employers after the arrival of the submarine 
cables may differ from that for individuals. In Section V, where we use firm-level 
data to explore channels through which fast Internet may affect employment, we 
analyze how firms’ use of websites and email responds.

We conclude that, while data limitations prevent us from pinning down the exact 
magnitude of the increase in experienced speeds and employment-related use of the 
Internet with the arrival of fast Internet in Africa, the evidence suggests that both 
rise considerably. This highlights that an impact on employment patterns may arise 
both through inframarginal users increasing and changing their use of the Internet, 
and through take-up by new users.

B. Fast Internet and Employment Rates

In Table 3 we report this paper’s first main finding: the estimated effect of the 
arrival of fast Internet on employment rates in Africa. In the eight countries for 
which we have DHS data (Benin, D.R. Congo, Ghana, Kenya, Namibia, Nigeria, 
Togo, and Tanzania) we find a 4.6 percentage point, or 6.9 percent, increase in the 
probability that an individual is employed when fast Internet arrives. In the nine 
countries for which we have Afrobarometer data (Benin, Ghana, Kenya, Madagascar, 
Mozambique, Nigeria, Senegal, Tanzania, and South Africa) we find an even  bigger 
7.7 percentage point, or 13.2 percent, increase in the employment rate. In South 

38 This can be shown using wider-coverage-but-country-level data from the International Telecommunication 
Union (ITU) (a UN agency covering issues related to information and communication technologies). The regres-
sion includes pre- and post-indicators and country and year fixed effects. The outcome is fixed-broadband speeds 
measured in Mbit/s. As submarine cables arrive in the countries studied in this paper (with the exception of 
D.R. Congo, for which data is missing), country-level average broadband speeds rise by more than 100 percent. 
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Africa—for which we use labor force survey data—we find a 2.2 percentage point 
or 3.1 percent increase in employment.

Given the large magnitude of these estimates, one may wonder to what extent they 
reflect real additional economic activity. In panel B of Table 3, we use more detailed 
work-related questions available in the QLFS dataset to investigate this. In column 
1, we show that access to fast Internet increases hours worked by about 10 percent 
on average in South Africa. This helps rule out, for example, that fast Internet simply 
allows individuals to spread out their work hours over time (which could affect how 
they answer employment questions in a survey). The increase in hours worked also 
helps explain why the technology reduces the probability that an individual “wants 
to work more” by 2.2 percent, as seen in column 2. Another possibility is that the 
estimates in the top panel of Table 3 reflect formalization of  preexisting informal 
jobs rather than additional employment. This is unlikely because all the surveys we 
use ask about employment status in a way that should capture also informal employ-
ment (see Section II). The QLFS survey explicitly records both formal and infor-
mal employment, however. As seen in columns 3 and 4 of panel B, the estimated 
increase in formal employment is only slightly smaller than the estimated increase 

Table 3—Fast Internet and Employment 

Panel A. Employment
Outcome Employment (0/1)

Unit of analysis Individual

DHS Afrobarometer SA-QLFS

(1) (2) (3)

SubmarineCables  ×  connected 0.046 0.077 0.022
(0.014) (0.037) (0.008)

Observations 59,914 7,918 280,641

Mean of outcome 0.68 0.58 0.72

Country  ×  time FE Yes Yes No
Grid-cell  ×  connected FE Yes Yes No
Time FE No No Yes
Location FE No No Yes

Panel B. Work-related outcomes from SA-QLFS
 
Outcome

Hours
worked (asinh)

Wants to work 
more (0/1)

Formal
employment (0/1)

Informal
employment (0/1)

Unit of analysis Individual

(1) (2) (3) (4)

SubmarineCables  ×  connected 0.101 −0.022 0.017 0.004
(0.035) (0.008) (0.009) (0.005)

Observations 279,482 457,192 280,641 280,641
Mean of outcome 0.66 0.48 0.12
Time FE Yes Yes Yes Yes
Location FE Yes Yes Yes Yes

Notes: The DHS sample includes Benin, D.R. Congo, Ghana, Kenya, Namibia, Nigeria, Tanzania, and Togo. The 
Afrobarometer sample includes Benin, Ghana, Kenya, Madagascar, Mozambique, Nigeria, Senegal, South Africa, 
and Tanzania. The QLFS survey is from South Africa. Survey years for each DHS and Afrobarometer country are 
reported in online Appendix Table A1. QLFS data are 2008:I–2010:II. Grid-cells are 0.1 × 0.1 decimal degrees, 
which is roughly 10  ×  10 km. Location FEs are enumeration areas in South Africa QLFS. Time FEs are quarters 
in QLFS and years in DHS and Afrobarometer. Individuals (locations) are considered connected if they are closer 
than 0.5 km to the backbone network. Hours worked is defined as zero for unemployed individuals. Robust standard 
errors clustered at the level of location FEs in parentheses.
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in any employment, while the estimated effect on informal employment is positive 
but close to zero and insignificant.

The evidence suggests that real employment in Africa increases substantially 
when fast Internet becomes available. In Section IVC we probe the identifying 
assumption underlying our causal interpretation of the estimates in depth.

C. Robustness

We start by confirming that the estimated effect of fast Internet is not sensitive to 
the radius around the backbone network used to define locations’ connection status. In 
Figure 4 we display point estimates and confidence intervals for a wide range of radii, 
each used to define connectivity in a separate regression. For each of our three main 
outcome datasets, we display results for several radii beyond the connection radius at 
which the point estimate becomes insignificant. In all three datasets, the point esti-
mate falls as the connection radius is increased, as one would expect. The decay in the 
estimate as we increase the assumed connection radius is steepest in the DHS sample 
and least steep in the Afrobarometer sample. In all three samples, the point estimate 
remains significant well beyond the 500-meter radius we use to define connectivity in 
our baseline approach. In Appendix Table A1, we show that the results are also not 
sensitive to the size of the grid-cells used to define location fixed effects.
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Figure 4. The Estimated Effect of Fast Internet on Employment,  
Varying the Assumed Connection Radius

Notes: This figure plots the coefficients from running (1) using varying connection radii. The coefficients thus come 
from separate regressions. We display a longer x-axis for Afrobarometer since the estimated effect becomes insig-
nificant “further out” in that sample.
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In Appendix Table A2, we vary the backbone cables used to define connection 
status and the sample analyzed in several ways. We first use the intersection of the 
AfTerFibre and www.africabandwidthmaps.com maps to define connectivity.39 
When we do so, the estimated effect of fast Internet is essentially unchanged in 
two of our samples, as seen in panel A. In the Afrobarometer sample, the point 
estimates decreases somewhat and becomes insignificant, but remains large in mag-
nitude when we use only backbone cables reported by both these sources to define 
connectivity.

In panel B of Appendix Table A2, we exclude from the sample all individuals 
located less than 20 km from a landing point. The locations that were chosen as 
landing points are, in addition to being on the coast, typically in or near large cit-
ies. If such locations were on a different trend in employment before the arrival of 
submarine cables, we may incorrectly attribute an estimated treatment effect to the 
arrival of fast Internet. However, the results are essentially unchanged—if anything 
the point estimates are slightly larger in magnitude—when we exclude near-landing 
point locations.40

In panel C of Appendix Table A2, we exclude from the sample all observations 
in locations that are more than 5 km from the backbone network itself. Though 
there are arguments for including more remote locations in the sample—they are 
presumably less likely to be indirectly affected by the arrival of fast Internet than 
unconnected locations closer to the backbone—such locations likely differ more 
from connected locations. The estimates in panel C make clear that our findings in 
Table 3 are not driven by the inclusion of more remote, less comparable locations in 
the analysis sample.

In Table 4 we include additional controls. In most African countries, a part of the 
backbone network runs parallel to other infrastructure such as roads or electricity 
cables (see Appendix Figure A2). If locations near such infrastructure saw faster 
employment growth over time, irrespective of whether they were also connected 
to the Internet backbone, there is a risk of misattributing employment growth to 
the arrival of submarine cables. We thus use maps of Africa’s road and electricity 
network to define each location’s “road-connectivity” and “ electricity-connectivity” 
status, as we do for Internet backbone connectivity. We interact these with 
the arrival of submarine Internet cables—analogously to the construction of    
SubmarineCables it   ×  Connected i    in (1)—to construct placebo road- and electricity 
treatments. When these are included, the estimated effect of fast Internet is essen-
tially unchanged and the estimated coefficients on the placebo treatments are small 
and insignificant, as seen in columns 1, 3, and 5 of Table 4.

In column 5 of Table 4, we also include a placebo treatment that interacts   
SubmarineCables it    with an indicator for the location having 3G mobile coverage 
at  t  , similarly to the approach for roads and electricity connectivity (except that 3G 
coverage varies over time). This is possible when we use the QLFS sample since 3G 
coverage data is available for South Africa. The coefficient on the treatment variable 

39 The drawback of this approach is that we can only implement it with post-treatment (2013) backbone maps 
(see Section III). However, few backbone cables were finalized and turned on during our data period. 

40 This finding also implies that an increase in demand due to the building of the submarine cables themselves 
cannot explain the effect on overall employment rates. Locations near the landing points are presumably places 
where a lot of the submarine cable-driven increase in construction and related employment would have occurred. 
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for access to fast Internet remains essentially unchanged; it is thus clear that Internet 
affects employment rates whether or not the area is covered by the 3G network.

We next control for a nonlinear trend in employment that is specific to the con-
nected locations. Specifically, we include interactions between the Connected indi-
cator and the time fixed effects in columns 2 and 4 of Table 4. This is possible for the 
multi-country DHS and Afrobarometer samples, where the arrival of fast Internet is 
staggered across time. Estimating the treatment effect of interest while controlling 
for Connected  ×  Time FEs is unusually demanding on the data. Remarkably, the 
estimated coefficient on   SubmarineCables it   ×  Connected i    remains large and sig-
nificant in both the DHS and the Afrobarometer sample (and in fact the point esti-
mate increases in magnitude in both samples). In column 6, we approximate this 
multi-country specification in the South Africa sample by including linear grid-cell 
specific trends. The estimated coefficient on the access-to-fast-Internet indicator is 
essentially unchanged.

Table 4—Fast Internet and Employment, Including Placebo “Treatments,” 
and Controlling for Trends 

Outcome Employment (0/1)

Unit of analysis Individual

Sample DHS Afrobarometer SA-QLFS

(1) (2) (3) (4) (5) (6) (7) (8)

SubmarineCables  ×  connected 0.049 0.108 0.084 0.142 0.021 0.017 0.022 0.018
(0.014) (0.040) (0.037) (0.071) (0.008) (0.010) (0.009) (0.010)

SubmarineCables 
   ×  connected to road network

−0.014 −0.016 0.000
(0.009) (0.024) (0.006)

SubmarineCables 
   ×  connected to electricity grid

0.006 0.004 −0.012
(0.009) (0.032) (0.017)

SubmarineCables  ×  connected to 3G 0.007
(0.006)

SubmarineCables  ×  connected, t − 1 0.000
(0.008)

SubmarineCables  ×  connected, t + 1 0.005
(0.007)

Observations 59,914 59,914 7,900 7,900 280,641 280,641 280,641 280,641
Mean of outcome 0.68 0.68 0.58 0.58 0.72 0.72 0.72 0.72

Country  ×  time FE Yes Yes Yes Yes No No No No
Grid-cell  ×  connected FE Yes Yes Yes Yes No No No No
Time FE No No No No Yes Yes Yes Yes
Location FE No No No No Yes Yes Yes Yes
Linear grid-cell trend No No No No No Yes No No
Connected  ×  time FE No Yes No Yes No No No No

Notes: The DHS sample includes Benin, D.R. Congo, Ghana, Kenya, Namibia, Nigeria, Tanzania, and Togo. The 
Afrobarometer sample includes Benin, Ghana, Kenya, Madagascar, Mozambique, Nigeria, Senegal, South Africa, 
and Tanzania. The QLFS survey is from South Africa. Survey years for each DHS and Afrobarometer country are 
reported in online Appendix Table A1. QLFS data are 2008:I–2010:II. Grid-cells are 0.1  ×  0.1 decimal degrees, 
which is roughly 10  ×  10 km. Location FEs are enumeration areas in South Africa QLFS. Time FEs are quarters 
in QLFS and years in DHS and Afrobarometer. Individuals (locations) are considered connected to the backbone, 
roads, and electricity if they are closer than 0.5 km to the backbone network, the road network, and the electric-
ity grid respectively; and to 3G if the individual (location) is within 3G coverage. The GIS shapefile for African 
electricity grids comes from The Africa Infrastructure Country Diagnostic (AICD), that for African road networks 
from the Socioeconomic Data and Applications Center (SEDAC) at the Center for International Earth Science 
Information Network at Columbia University, and that for 3G data from Collins Bartholomew. Robust standard 
errors clustered at the level of location FEs in parentheses.
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Finally, in columns 6 and 7, we include a lead and a lag of   SubmarineCables it   . 
This is possible in the QLFS dataset, wherein data is collected every quarter. Perhaps 
somewhat surprisingly, the effect of   SubmarineCables it   ×  Connected i    loads on the 
quarter-of-arrival treatment indicator when a lag is included. More importantly, the 
estimated coefficient on the lead is near zero and insignificant, supporting the iden-
tifying assumption of parallel trends.

Bertrand, Duflo, and Mullainathan (2004) point out that serial correlation can 
bias standard errors in difference-in-differences analysis. To address this concern, 
we follow Chetty, Looney, and Kroft (2009) and conduct a nonparametric permu-
tation test of  β = 0 . We can do so in the QLFS dataset, where data is collected 
every quarter. We sample from the set of possible submarine cable arrival times, 
assigning a randomly chosen “fake” arrival time to each location while maintaining 
each observation’s backbone connectivity status. Figure 5 depicts the empirical cdf 
of estimates resulting from permuting arrival times 500 times and running (1) on 
the fake datasets. The vertical line represents the true estimate; where it falls in the 
empirical cdf of estimates from datasets with permuted arrival times implies its 
p-value. As seen in the figure, the true estimate is near the top of the empirical cdf, 
with an implied p-value of 0.046.

Conley (1999) emphasizes that spatial correlation may also require corrections 
to standard errors and develops a method for implementing such corrections. In 
panel A of online Appendix Table A3, we present the estimates from Table 3 and 
standard errors that are calculated using Conley’s method. In panel B of the same 
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Notes: This figure shows a nonparametric permutation test of  β = 0 . We sample from all possible submarine cable 
arrival times, assigning a randomly chosen “fake” arrival time to each location while maintaining each observation’s 
backbone connectivity status. There are as many possible arrival times as there are quarters in the SA-QLFS sample. 
The figure depicts the empirical cdf of estimates resulting from permuting arrival times 500 times and running (1) 
on each fake dataset. The vertical line represents the true estimate; where it falls in the empirical cdf of estimates 
from the dataset with permuted arrival times implies its p-value, which is 0.046.
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table, we cluster the standard errors by administrative unit, rather than grid-cells. In 
both cases, the estimated effect of fast Internet on employment rates remains statis-
tically significant.

Finally, in Figure 6, we again take advantage of the quarterly surveying in QLFS 
to display the path of the employment rate in connected and unconnected areas 
before and after the arrival of the first submarine cable in South Africa. This allows 
us to inspect how the gap between the two areas evolves after fast Internet arrives 
and, more importantly, to check if the identifying assumption of parallel pretrends 
appears to hold. Indeed, while the employment rate in both areas declines between 
2008 and 2011, in part due to the financial crisis that hit South Africa during that 
period, the shape of the graph is virtually identical for connected and unconnected 
areas before the submarine cable arrives in mid-2009. The gap in the employment 
rate between the connected and unconnected areas starts to increase soon after sub-
marine cable arrival and widens further over time, illustrating the treatment effect 
estimated in Table 3.

We conclude that the estimated effect of access to fast Internet on employment 
rates in Africa is robust and likely represents a causal response.

D. Fast Internet and Employment Rates across Space

We have established that the arrival of fast Internet in Africa led to a large 
increase in employment rates in connected areas relative to unconnected areas. This 
finding would hold even if employment in unconnected areas was also affected. 
However, it is possible that the impact we estimate in Section IVB does not capture 
the total effect of fast Internet across space. We would overestimate the total effect 
if, for example, (existing or newly created) jobs are shifted from unconnected to 
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before and after Fast Internet Arrival

Notes: This figure plots the employment rate in connected and unconnected locations in South Africa before and 
after the first submarine cable during our data period arrived in the country (2009:III).
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 connected areas. We would underestimate the total effect if, for example, surveyed 
individuals commute to work in or migrate to connected areas. We now investigate 
these possibilities.

First, note that we find no effect of access to fast Internet on migration in South 
Africa and Tanzania (for which the required data is available).41

Second, recall that we confirmed in Figure 4 that the estimated positive effect 
on employment of fast Internet is not sensitive to the radius around the backbone 
network used to define connection status. This finding implies that our results are 
unlikely to be driven by a simultaneous decrease (or increase) in employment in 
areas neighboring connected locations.

Finally, we investigate more directly in Figure 7. Recall that we consider indi-
viduals and areas located within 500 meters of the backbone network connected. 
We now divide those located outside of this connection radius into a maintained 
control group (those located more than 3,500 meters from the backbone network) 
and three additional treatment groups that are equally spaced, geographically: those 
 500–1,500 meters, 1,500–2,500 meters, and 2,500–3,500 meters from the back-
bone respectively. We compare the four groups closest to the backbone to those 
furthest away, before and after the arrival of submarine cables on the coast. As seen 

41 None of the surveys we use elicited respondents’ migration status or place of birth in both pre and post survey 
rounds conducted during our data period. (QLFS contains a question about migration, but the variable is missing 
for the majority of the sample). But in South Africa and Tanzania, it is possible to run (1) with migration status on 
the left-hand side by using another data source (South Africa) or adding a later survey round conducted by DHS 
(Tanzania). 
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Figure 7. The Effect of Fast Internet on Employment across Space

Notes: This figure plots the coefficients from running (1) using several connection radii. The coefficients thus come 
from the same regression for each sample. The first radius is the baseline specification in the paper, i.e., 0–500 meters. 
We then include three “bands” further away from the backbone to display effects across space. These additional treat-
ment groups are each 1 km wide since there are fewer and fewer observations the further out from the backbone.
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in the figure, the  estimated coefficients on   SubmarineCables c(i)t    interacted with 
indicators for the three additional treatment groups are statistically insignificant 
and generally near zero. Consequently, the estimated coefficient for those nearest 
to the backbone network remains essentially unchanged in comparison to the esti-
mates in Subsection IVB (except in the Afrobarometer sample, where the estimate 
increases in magnitude when individuals intermediate distance from the backbone 
are excluded from the control group42). We conclude that the estimated increase in 
employment in connected areas is not due to shifting of employment across space.

We now explore how fast Internet affects structural change as measured by occu-
pational employment shares in Africa.

E. Fast Internet and Employment in Skilled and Unskilled Jobs

The overall response of employment to the arrival of fast Internet in Africa is 
made up of underlying changes in job creation and destruction across specific occu-
pations and the sectors associated with those occupations. How technological change 
affects occupational and sectoral employment shares is especially important in poor 
countries (Herrendorf, Rogerson, and Valentinyi 2014). To explore this question, we 
distinguish between jobs and workers. “The employment rate in occupation X” will 
here mean the probability of holding a job in occupation X (not the overall employ-
ment rate of workers who “permanently” belong to occupation X). We believe that 
the changes in occupational employment rates we document mostly reflect changes 
in the size of different sectors.43 However, readers can alternatively interpret the 
results in this subsection as reflecting a combination of within- and across-sector 
changes in employment in skilled and unskilled occupations.

In Table 5 we use the DHS and QLFS datasets, where occupations are recorded 
and can thus be categorized. In the first two columns of panel A, we define skilled and 
unskilled employment categories following the ILO’s ISCO categorization of occu-
pations’ skill level (ILO 2012).44 In the DHS countries and South Africa, the arrival 
of fast Internet increases the probability that an individual holds a skilled job by 
respectively 4.4 and 1.4 percent. The probability of unskilled employment is statis-
tically unaffected in both the first group of countries and South Africa. Our findings 
thus imply a positional skill bias of fast Internet in Africa that is  directionally similar 
to what has been found for computerization and fast Internet in the United States 

42 In the Afrobarometer sample, the point estimate for areas that are intermediate distance from the backbone 
network suggests that these may also experience employment gains, but the estimates are far from significant. 

43 In addition to our expectation that low rates of tertiary education make African workers comparatively likely 
to switch sectors, this is because we in Section V find that when fast Internet arrives, there are noteworthy changes 
in firm entry across sectors in South Africa and an expansion of the manufacturing sector in Ethiopia. Note that 
we cannot estimate how the impact of fast Internet differs for individuals who “permanently” belong to different 
occupations because none of our individual level datasets include (nonmissing) information on the occupations 
workers’ past jobs belong to. 

44 Unskilled jobs (ISCO level 1) “typically involve performance of simple and routine physical or manual tasks” 
(ILO 2012, p. 12). ILO defines the following DHS occupational categories as skilled work: professional, sales, 
services, and skilled manual; and the following DHS occupational categories as unskilled work: self-employed 
agriculture, domestic, and unskilled manual. ILO defines the following QLFS occupational categories as skilled 
work: legislative, professional, services, skilled manufacturing, and technical; and the following QLFS occupa-
tional categories as unskilled work: elementary and domestic. 
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and Europe. However, it is noteworthy that the large estimated increase in overall 
employment in Africa is driven by increased employment in skilled occupations.

In columns 3–6 of Table 5, we break the skilled category (ISCO levels 2–4) into 
its subcategories as defined by the ILO.45 We lack power to estimate the impact 
on each of these separately with precision, but the point estimates are  nevertheless 
worth reporting. In both the DHS countries and South Africa, a relatively large 
 estimated increase in the probability of moderately skilled (ISCO level 2) employ-
ment appears to contribute most to the overall increase in skilled employment. The 
point estimates also point toward a sizable increase in highly skilled (ISCO level 4) 
employment in the DHS countries, when fast Internet becomes available.

45 Moderately skilled jobs (ISCO level 2) “typically involve performance of tasks such as operating machin-
ery and electronic equipment; driving vehicles; maintenance and repair of electrical and mechanical equipment; 
and manipulation, ordering and storage of information.” Somewhat skilled jobs (ISCO level 3) “typically involve 
performance of complex technical and practical tasks that require an extensive body of factual, technical and proce-
dural knowledge in a specialized field.” Highly skilled jobs (ISCO level 4) “typically involve performance of tasks 
that require complex problem-solving, decision-making and creativity based on an extensive body of theoretical 
and factual knowledge in a specialized field” (ILO 2012, pp. 12–13). There are no observations in the ISCO level 3 
categories in the DHS sample. 

Table 5—Fast Internet and Employment in Skilled and Unskilled Positions

 
Outcome

 
Skilled (0/1)

Unskilled 
(0/1)

Highly
skilled (0/1)

Somewhat
skilled (0/1)

Moderately
skilled (0/1)

Unskilled 
(0/1)

Unit of analysis Individual

(1) (2) (3) (4) (5) (6)

Panel A. DHS
SubmarineCables 
  ×  connected

0.044 0.003 0.017 0.027 0.003
(0.018) (0.015) (0.011) (0.020) (0.015)

Observations 59,966 59,923 59,923 59,957 59,923
Mean of outcome 0.58 0.11 0.09 0.49 0.11

Country  ×  time FE Yes Yes Yes Yes Yes
Grid-cell 
  ×  connected FE

 
Yes

 
Yes

 
Yes

 
Yes

 
Yes

Panel B. SA-QLFS
SubmarineCables 
  ×  connected

0.014 −0.001 0.001 0.003 0.010 −0.001
(0.006) (0.005) (0.004) (0.004) (0.006) (0.005)

Observations 280,641 280,641 280,641 280,641 280,641 280,641
Mean of outcome 0.50 0.22 0.08 0.08 0.34 0.22

Time FE Yes Yes Yes Yes Yes Yes
Location FE Yes Yes Yes Yes Yes Yes

Notes: The DHS sample includes Benin, D.R. Congo, Ghana, Kenya, Namibia, Nigeria, Tanzania, and Togo. The 
QLFS survey is from South Africa. Survey years for each DHS country are reported in online Appendix Table A1. 
QLFS data are 2008:I–2010:II. Grid-cells are 0.1  ×  0.1 decimal degrees, which is roughly 10  ×  10 km. Location 
FEs are enumeration areas in South Africa QLFS. Time FEs are quarters in QLFS and years in DHS. Individuals 
(locations) are considered connected if they are closer than 0.5 km to the backbone network. We categorize occupa-
tions’ skill level following the ILO’s ISCO categorization. For DHS, the highly skilled occupation group includes 
professional; the moderately skilled group clerical, skilled manufacturing, retail and sales, services, and employed 
agriculture; and the unskilled group unskilled manufacturing, self-employed agriculture, and domestic work. There 
are no observations in the somewhat skilled occupation group in the DHS sample. For QLFS, the highly skilled 
occupation group includes legislative work and professional; the somewhat skilled group technical work; the mod-
erately skilled group clerical, skilled agriculture, crafts workers, services, and plant workers; and the unskilled 
group elementary work and domestic work. The skilled category corresponds to the highly, somewhat, and moder-
ate skilled occupation groups. Robust standard errors clustered at the level of location FEs in parentheses.
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McMillan, Rodrik, and Verduzco-Gallo (2014) and McMillan and Harttgen (2014) 
show that the overall trends in structural change in Africa improved after 2000. The 
estimates in Table 5 suggest that greater and cheaper access to information and com-
munication may be among the changes in the economic environment that helped shift 
workers toward occupations that usually display higher productivity. We return to this 
question in Sections V and VI, where we investigate whether firms whose productivity 
increased, or which started exporting more, also hired more workers when fast Internet 
became available, and how the technology affects incomes in Africa. In subsection 
IVF we explore how job inequality in Africa responds to the arrival of fast Internet.

F. Fast Internet and Job Inequality

Given the lack of direct evidence on the factor bias of ICT in poor countries, it is 
a priori unclear if fast Internet affects job inequality across the educational attain-
ment range in Africa in the same way that ICT has been shown to do in rich coun-
tries (Katz and Autor 1999; Bond and Van Reenen 2007; Goldin and Katz 2007; 
Akerman, Gaarder, and Mogstad 2015). We investigate this question in Table 6, 
where we report results from interacting   SubmarineCables it   ×  Connected i    with 
educational attainment.

The estimated increase in the employment rate is of comparable magnitude for 
those with primary school, those with secondary school, and those with tertiary 
education in all three samples.46 Those with primary school in fact see a moderately 
bigger estimated employment gain than those with secondary school in all three 
samples, though not statistically significantly differentially so. In the Afrobarometer 
countries (but not in the DHS countries and South Africa) our  estimates suggest 
that fast Internet also increases the employment rate for those who did not complete 
primary school.

In the DHS countries, those with tertiary education see by far the biggest increase 
in skilled employment. The smaller, but nevertheless noteworthy, estimated increase 
in skilled employment is of very similar magnitude for those with primary and 
those with secondary education, but more precisely estimated for the latter group.47 
Employment in unskilled occupations increases significantly for those with primary 
school in both the DHS countries and South Africa.

The results in Table 6 in combination with those in Table 5 illuminate important 
similarities and differences in the way modern ICT technologies affect job inequal-
ity in Africa versus rich countries. We saw in Table 5 that the skill complementarity 
of fast Internet as defined by its relative impact on net creation (and/or saving) of 
high- and low-skill jobs in Africa resembles the skill-bias documented in the West. 
However, the results in Table 6 show that, in the eight DHS countries in our sample, 
those with almost no education are the only group of individuals whose employment 
outcomes do not benefit from fast Internet. In these countries, while the technology 

46 The initial employment rates that the estimates shown can be compared to are in online Appendix Table A5. 
47 For the South African sample, the increase in skilled employment is imprecisely estimated for all educational 

attainment groups. (The point estimate for the increase in skilled employment is of roughly comparable magnitude 
across the educational attainment range, but it is noteworthy that the estimate for those without primary school in 
South Africa is comparatively large (but statistically insignificant). Recall, however, ILO’s fairly broad definition of 
skilled occupations, e.g., including jobs in services).
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Table 6—Fast Internet, Employment, and Employment in Skilled and Unskilled Positions,  
by Educational Attainment 

Outcome Employed (0/1) Skilled (0/1) Unskilled (0/1)

Unit of analysis Individual

(1) (2) (3)

DHS

SubmarineCables  ×  connected
  ×  Not primary −0.013 −0.001 −0.024

(0.032) (0.036) (0.023)

  ×  Primary 0.061 0.033 0.035
(0.023) (0.028) (0.019)

  ×  Secondary 0.047 0.033 0.012
(0.015) (0.018) (0.015)

  ×  Higher 0.067 0.119 −0.041
(0.028) (0.036) (0.027)

Observations 59,914 59,966 59,923

Country  ×  time FE Yes Yes Yes
Grid-cell  ×  connected FE Yes Yes Yes

Afrobarometer

SubmarineCables × connected
  ×  Not primary 0.109

(0.055)

  ×  Primary 0.077
(0.042)

  ×  Secondary 0.060
(0.050)

  ×  Higher 0.097
(0.053)

Observations 7,902

Country  ×  time FE Yes
Grid-cell  ×  connected FE Yes

SA-QLFS

SubmarineCables  ×  connected
  ×  Not primary 0.012 0.021 −0.009

(0.017) (0.018) (0.018)

  ×  Primary 0.028 0.007 0.021
(0.011) (0.011) (0.010)

  ×  Secondary 0.022 0.015 0.007
(0.012) (0.013) (0.009)

  ×  Higher 0.019 0.012 0.007
(0.011) (0.012) (0.008)

Observations 277,737 277,737 277,737

Time FE Yes Yes Yes
Location FE Yes Yes Yes

Notes: The DHS sample includes Benin, D.R. Congo, Ghana, Kenya, Namibia, Nigeria, Tanzania, and Togo. The 
Afrobarometer sample includes Benin, Ghana, Kenya, Madagascar, Mozambique, Nigeria, Senegal, South Africa, 
and Tanzania. The QLFS survey is from South Africa. Survey years for each Afrobarometer and DHS country are 
reported in online Appendix Table A1. QLFS data are 2008:I–2010:II. Grid-cells are 0.1  ×  0.1 decimal degrees, 
which is roughly 10  ×  10 km. Location FEs are enumeration areas in South Africa QLFS. Time FEs are quarters 
in QLFS and years in Afrobarometer and DHS. Individuals (locations) are considered connected if they are closer 
than 0.5 km to the backbone network. We categorize occupations’ skill level following the ILO’s ISCO categori-
zation (more details in Table 5). Afrobarometer does not record respondents’ occupation. Controls for educational 
attainment (primary school not completed, primary school completed, secondary school completed, and higher edu-
cation) are included. Robust standard errors clustered at the level of location FEs in parentheses. 



1062 THE AMERICAN ECONOMIC REVIEW MARCH 2019

increases skilled employment among more educated workers the most, fast Internet 
thus reduces (un)employment inequality across the majority of the adult population. 
In the Afrobarometer countries, even those who did not complete primary school see 
significant employment gains with the arrival of fast Internet. These results partially 
contrast both with existing findings on computers and fast Internet as SBTC in rich 
countries, and with the adverse estimated effect of another important form of glo-
balization—trade liberalization—on (income and wage) inequality in developing 
countries (Goldberg and Pavcnik 2007; Harrison, McLaren, and McMillan 2011; 
Goldberg 2015).

The magnitude of the estimated increase in “any” and skilled employment 
with the arrival of fast Internet in Africa is surprising, but the overall pattern that 
emerges across the educational attainment range—particularly in the DHS sam-
ple—is  arguably less surprising. The especially large increase in skilled employ-
ment for workers with tertiary education suggests that fast Internet is in one sense 
a high education-biased technology in these countries. The productivity of workers 
with less education may also benefit from fast Internet, however, if for example 
employers choose to provide targeted on-the-job training to such workers (Green, 
Dickerson, and Arbache 2001; Frías, Kaplan, and Verhoogen 2009). This may help 
explain why we observe a considerable increase in skilled employment also for less 
educated workers in the DHS countries. The increase in employment for workers 
with primary school in all three samples (and those without primary school in the 
Afrobarometer countries) may be due, for example, to the emergence of new types 
of positions that are complementary to jobs wherein more educated workers make 
more direct use of Internet technology.

In the next section we investigate how fast Internet affects employment in Africa.

V. Understanding How Fast Internet Affects Employment in Africa

A. Firm Entry

The changes in average speeds and use of the Internet after the arrival of the sub-
marine cables we documented in Subsection IVA suggest that new, and new forms 
of, employment may arise both through extensive margin (new Internet users) and 
intensive margin (different use of the Internet by existing users) responses. In this sub-
section, we analyze how fast Internet affects firm entry and exit; in the next two sub-
sections we explore possible changes in the productivity and exports of existing firms.

We first use a dataset from South Africa’s CIPC that records the names and 
addresses (including zip codes) of firms that register or de-register, and the date of 
registration/de-registration. We run (1) at the zip code  ×  quarter level. As seen in 
Table 7, we find a significant increase in net firm entry per quarter of around 23 per-
cent when fast Internet arrives in South Africa. This overall impact is due both to 
a large increase in firm entry, and to a decrease in firm exit of similar magnitude. 
Greater net firm entry may thus help explain the estimated increase in employment 
when fast Internet arrives in South Africa.

As also seen in Table 7, we find a significant increase in net firm entry in many 
sectors, but the biggest point estimates are seen in sectors that use ICT extensively 
(World Bank 2006), such as finance and services.
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These results reinforce the view that fast Internet’s impact on structural change 
was at least partly favorable insofar as productivity in the sectors that saw the big-
gest increase in net firm entry is likely high relative to productivity in other sectors 
in South Africa.

B. Firm and Labor Productivity in Existing Firms

OLS Results.—We have seen that access to fast Internet increases firm entry, 
which appears to contribute to its impact on employment rates. Does the new tech-
nology also affect employment within existing firms, and, if so, why? To investigate 
these questions, we first use Ethiopia’s LMMIS dataset of large and medium-sized 
manufacturing firms, which is, to our knowledge, the only African dataset with 
detailed enough information and the geographical and time coverage needed to 
estimate changes in firms’ production function with the arrival of fast Internet. We 
restrict the sample to firms that are observed both before and after the submarine 
cable that gets connected to Ethiopia’s network arrives on the coast.

In columns 1–6 of Table 8, we continue to use a similar specification and defi-
nition of right-hand side variables as in (1), but  i  now represents a firm and obser-
vations are at the firm  ×  year level. The estimated increase in total employment 
per firm when fast Internet arrives is about 16 percent in column 1, where we 
control for firm and year fixed effects48, and about 22 percent in column 2, where 

48 We match firms across years using all available information in LMMIS and cross-check our matches against 
those of Abebe, McMillan, and Serafinelli (2017) (the most in-depth and authoritative existing work on such 

Table 7—Fast Internet and Firm Entry in South Africa

Unit of analysis Location

 
 
Outcome

All
firms 

(asinh)

Agri- 
culture 
(asinh)

Retail/ 
sales 

(asinh)

Tech- 
nology 
(asinh)

Manu- 
facturing 
(asinh)

 
Services 
(asinh)

Finan-
cial 

(asinh)

White-
collar 
(asinh)

Blue-
collar 
(asinh)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Panel A. Net firm entry

SubmarineCables 
  ×  connected

0.227 0.026 0.086 0.022 0.020 0.120 0.158 0.060 0.076
(0.079) (0.014) (0.043) (0.028) (0.013) (0.052) (0.063) (0.033) (0.034)

Observations 38,108 38,108 38,108 38,108 38,108 38,108 38,108 38,108 38,108

Panel B. Firm entry

SubmarineCables 
  ×  connected

0.089 0.007 0.033 0.015 0.012 0.046 0.103 0.029 0.043
(0.038) (0.012) (0.030) (0.020) (0.009) (0.034) (0.046) (0.023) (0.025)

Observations 38,108 38,108 38,108 38,108 38,108 38,108 38,108 38,108 38,108

Panel C. Firm exit

SubmarineCables 
  ×  connected

−0.088 −0.021 −0.053 −0.007 −0.008 −0.059 −0.043 −0.031 −0.032
(0.038) (0.012) (0.023) (0.015) (0.009) (0.029) (0.029) (0.017) (0.018)

Observations 38,108 38,108 38,108 38,108 38,108 38,108 38,108 38,108 38,108

Time FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Location 
  ×  connected FE

Yes Yes Yes Yes Yes Yes Yes Yes Yes

Notes: Data at location   ×   quarter level, 2007–2014. Location FEs are zip codes. Time FEs are quarters. See online 
Appendix Table A4 for information on how firms are categorized into sectors. Sectors not shown are mining and tour-
ism. The point estimate is positive and insignificant for these sectors. Firms are considered connected if they are closer 
than 0.5 km to the backbone network. Robust standard errors clustered at the level of location FEs in parentheses.
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we control instead for grid-cell  ×  connected and industry  ×  year fixed effects. 
The estimated increase in skilled and unskilled positions per firm (as discussed in 
Section II, these are proxied using salary bins) is respectively 3.4 and 11.5 percent 
(but not statistically significant) when we control for firm and year fixed effects 
and 20 and 12.4 percent when we control instead for grid-cell  ×  connected and  
industry  ×  year fixed effects (in which case the estimated increase in skilled 
 employment is statistically significant). The firm level estimates of changes in 
employment when fast Internet arrives in Ethiopia are thus broadly comparable to 
the individual level employment results for the broader samples of African countries 

matching in LMMIS). Our matches are nearly identical to theirs. We are grateful to the authors for allowing this 
cross-check. 

Table 8—Fast Internet, Employment, Output Elasticity of Labor, and Productivity in Ethiopian Firms

 
 
Outcome

 
Employees 

(asinh)

Skilled  
employees 

(asinh)

Unskilled  
employees 

(asinh)

Value 
added 
(asinh)

Value 
added 
(asinh)

Value 
added 
(asinh)

Unit of analysis Firm

Method OLS OLS OLS OLS Reg LP Adj LP

(1) (2) (3) (4) (5) (6) (7) (8) (9)

SubmarineCables × connected 0.156 0.224 0.034 0.201 0.115 0.124
(0.091) (0.081) (0.080) (0.106) (0.078) (0.095)

Capital 0.276 0.263 0.249
(0.018) (0.023) (0.020)

Unskilled 0.337 0.127 0.135
(0.064) (0.043) (0.045)

Skilled 0.497 0.198 0.198
(0.043) (0.025) (0.026)

SubmarineCables × connected

 × Unskilled −0.176 −0.048 −0.063
(0.058) (0.031) (0.034)

 × Skilled 0.026 0.017 0.016
(0.033) (0.027) (0.027)

Control for productivity No Yes Yes
Control for SubmarineCables 
 × connected × productivity

No No Yes

 
Outcome

Produc- 
tivity

SubmarineCables × connected 0.127
(0.058)

Time FE Yes No Yes No Yes No No No No
Grid-cell × connected FE No Yes No Yes No Yes Yes Yes Yes
Industry × time FE No Yes No Yes No Yes Yes Yes Yes
Firm FE Yes No Yes No Yes No No No No
Observations 5,360 5,360 5,360 5,360 5,360 5,360 4,321 4,321 4,321

Notes: Data from the Ethiopian LMMIS manufacturing firm census. 2006–2013. Grid-cells (for location FEs) are 
0.1  × 0.1 decimal degrees, which is roughly 10  × 10 km. Time FEs are years. Firms are considered connected if 
they are closer than 0.5 km to the backbone network. The sample is restricted to firms observed both before and after 
submarine cable arrival and includes 1,103 firms. Skilled (unskilled) positions are defined as those earning more 
(less) than 800 Birr per year, approximately the sample salary median. Capital is the average of start-of-year and 
end-of-year book value. The production function specifications allow fast Internet to directly affect value added via 
a change in the intercept (not shown). Robust standard errors clustered at grid-cell level in parentheses.
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and South Africa in Section IV. The relative increase in unskilled positions may be 
larger in Ethiopian manufacturing firms.

In the last 3 columns of Table 8, we explore whether the increase in employment 
in Ethiopian manufacturing firms may be explained by an increase in the output 
elasticity of labor and/or firm level productivity with the arrival of fast Internet. We 
start with the following OLS regression:

(2)   va ij(i)jt   =   x ′   ijt   α +  SubmarineCablesConnected ijt     x ′   ijt   β +  δ j(i)   ×  Connected i  

 +  ψ jt   +  ϵ ij(i)jt   ,

where   va ijt    is the value added of firm  i  , in grid-cell  j(i)  , industry  j  , and year  t ;    x ′   ijt    
is a set of inputs (labor, capital) used by the firm and a constant term;   ψ jt    is an  
industry  ×  year fixed effect, and the other variables are as defined previously.49 
Results from this specification are in column 7 in of Table 8. The coefficients on 
capital and labor are of similar magnitude to what other studies have found for 
comparable contexts. The estimated output elasticity of labor in skilled positions 
increases (insignificantly) from 0.497 to 0.523 with the arrival of fast Internet, but 
that of labor in unskilled positions falls significantly.

Structural Estimation.—OLS estimates of the share of variation in output 
attributable to different input factors may partly reflect the fact that some input  
factors—such as labor—are chosen after a firm’s productivity (unobserved to the 
researcher) is fully or partially known to the firm. Olley and Pakes (1996)— henceforth, 
OP—and Levinsohn and Petrin (2003)—henceforth, LP—developed practical meth-
ods that help overcome such simultaneity bias. The commonly used LP method 
involves using intermediate inputs to proxy for a firm’s unobserved productivity in the 
production function (see LP for details). We posit the following “structural” model:

(3)   va ijt   =  l ijt   θ +  SubmarineCablesConnected ijt    l ijt   ϕ + κ  k ijt   +  ω ijt   +  ϵ ijt   ,

where   l ijt    are labor inputs and the productivity term   ω ijt    subsumes the constant term 
and the fixed effects. The variable   ϵ ijt    represents a standard i.i.d. error term cap-
turing unanticipated shocks to productivity and measurement error. We present 
LP estimates in column 8 of Table 8. As expected, both   θ ˆ    and   ϕ ˆ    are now much 
smaller in magnitude than the OLS estimates, and the   ϕ ˆ    from the interaction of   
SubmarineCablesConnected ijt    and workers in unskilled positions is no longer 
significant.

De Loecker (2011) points out an important methodological tension when using 
the OP/LP methods to investigate how a change in the operating environment affects 
output elasticities. Suppose that a firm’s productivity itself is influenced by the 
change in the operating environment. If the productivity response in turn  influences 
hiring, investment, and value added—as conventional models of firm behavior pre-

49 To ease comparison with the structural results in columns 8 and 9 of Table 8, we interact only labor and the 
constant term with   SubmarineCablesConnected ij(i)jt   .
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dict—then changes in the coefficients on labor and capital estimated using methods 
that do not account for the firm level productivity response will be incorrect.

Inspired by De Loecker (2011), we assume the following law-of-motion for firm 
productivity:

(4)   ω ij, t+1   = α  ω ijt   + τ  SubmarineCablesConnected ijt+1  

 +  δ j(i)   ×  Connected i   +  ψ jt   +  ξ ij, t+1   ,

where grid-cell  ×  connected and industry  ×  year fixed effects control for differ-
ences across space in, and industry-wide shocks to, productivity. We continue to 
use the LP estimation procedure, but adjust the method to allow both the output 
elasticity of labor and firm-level productivity itself to change. We first estimate ϕ 
while controlling for a possible response in firm level productivity to fast Internet. 
As in the conventional LP method, we use a flexible polynomial in the other input 
factors—including intermediate inputs—to proxy for   ω ijt   . The adjustment we make 
in this first step is that we include   SubmarineCablesConnected ijt    among the factors 
included in the polynomial. We run

(5)   va ijt   =  l ijt   θ +  SubmarineCablesConnected ijt    l ijt    ϕ 

 + Ψ [ m ijt  ,  k ijt  ,  SubmarineCablesConnected ijt  ,  δ j(i)   ×  Connected i  ,  ψ jt  ]  +  ϵ ijt   ,

where  Ψ[ m ijt  ,  k ijt  ,  SubmarineCablesConnected ijt  ,  δ j(i)   ×  Connected i  ,  ψ jt  ]  is a poly-
nomial of inputs used (  m ijt   ), capital (  k ijt   ), access to fast Internet, and grid-cell  
 ×  connected and industry ×   year fixed effects.

The estimated effect of fast Internet on the output elasticity of labor estimated 
through this procedure is reported in column 9 of Table 8. The estimated decrease in 
the output elasticity of labor in unskilled positions increases in absolute magnitude 
to −0.063 and becomes significant. The estimated increase in the output elasticity 
of labor in skilled positions is very similar to the estimate from the conventional LP 
method: 0.016.

In the second step of the procedure, we estimate the coefficient on capital by 
GMM using the moment condition  E[ ξ ijt   (κ)  k ijt  ] = 0  , which is motivated by the 
assumption that capital cannot be adjusted in response to unobserved shocks to 
productivity.50 Note that    ξ ˆ   ij, t+1    is obtained by taking the OLS residual from (4), 
where   ω ijt    and   ω ijt−1    come from applying (3), that is, by subtracting the labor coeffi-
cients estimated in (5) and the coefficient for capital from the predicted value added 
obtained from (5).

For our purposes the coefficient on capital is needed only as an input into the 
procedure for estimating how fast Internet affects firm level productivity. With esti-
mates of the coefficients on labor, capital, and the interaction between labor and   
SubmarineCablesConnected ijt    in hand, we can construct    ω ˆ   ijt    using (3) and then 
 estimate the law-of-motion for productivity in the third step. The results are reported 

50 We use the OLS estimates as starting values and bootstrap the standard errors. 
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in column 9 of the bottom panel of Table 8. The estimated increase in firm level 
 productivity when fast Internet becomes available is around 13 percent and statisti-
cally significant.51

We conclude that an increase in firm level productivity likely contributes to 
increased hiring in existing Ethiopian manufacturing firms after the arrival of fast 
Internet and that changes in the relative output elasticity of workers in skilled and 
unskilled positions may also help explain the hiring response.

C. Firms’ Exports, On-the-Job Training, and Internet Communication

In the online Appendix, we use data from the World Bank Enterprise Surveys 
(WBES) to explore how the arrival of the submarine Internet cables changed the 
behavior and performance of firms in Ghana, Kenya, Mauritania, Nigeria, Senegal, 
and Tanzania.

We approximate (1) as closely as we can with the WBES dataset. However, almost 
all the firms in the WBES sample are located in relatively large cities and towns, and 
firms’ location is reported only at city/town level. We thus classify a city/town as 
connected if the backbone network passes through its perimeter (in contrast to the 
approach taken in our other samples, where fine-grained geographical information 
on an individual or firm’s location is available). In light of the WBES firms being 
clustered in space and the coarser connectivity classification required, we view the 
WBES results as more suggestive than the rest of our analysis.52 We thus present the 
full WBES analysis in the online Appendix, and briefly summarize the results here.

Our estimates suggest that access to fast Internet leads African firms in the WBES 
sample to employ about 14–17 percent more workers per firm. The firm level esti-
mates of changes in employment when fast Internet arrives in the WBES countries 
are broadly comparable to the individual level employment results in Section IV.

We also find that firms appear more likely to provide on-the-job training to their 
employees when fast Internet becomes available. This finding may help explain why 
the technology in general boosts employment not only for highly educated workers, 
but also less educated workers, in Africa.

We next explore how the composition of firms’ sales responds to the arrival 
of fast Internet. We find evidence of a large increase in direct exports. In light of 
the existing literature documenting the benefits to firms and employment conse-
quences of exporting (see e.g., Verhoogen 2008; Frías, Kaplan, and Verhoogen 
2009; Goldberg et al. 2010b; Atkin, Khandelwal, and Osman 2017), this find-
ing suggests that one way in which fast Internet increases employment in Africa 
is by making it easier for firms to sell to customers abroad. The increase in 
exports is also evidence of an interaction between technological change and 
trade that differs from the  trade-induced SBTC analyzed by an existing literature 
(Wood 1995; Acemoglu 2003; Attanasio, Goldberg, and Pavcnik 2004; Burstein, 

51 There are many potential channels through which fast Internet can boost firm productivity above and beyond 
the output elasticity of labor. The technology may, for example, allow firms to sell more per unit of marketing cost, 
give access to information about more efficient production processes, or allow firms to increase the quality of their 
products. Note that the estimated impact on firm productivity remains statistically significant if we bootstrap also 
the standard error corresponding to this last step of the procedure, as seen in panel C of online Appendix Table A3. 

52 See the online Appendix for details. 
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Cravino, and Vogel 2013; Koren and Csillag 2016; Raveh and Reshef 2016). Here, 
causality runs from technological change to trade, rather than the other way around.

WBES contains information on firms’ use of the Internet. We find a signifi-
cant increase in firms’ probability of communicating with clients through email 
and through a website. Easier online communication with clients may have helped 
African firms export more when submarine Internet cables reached the continent.

In sum, we have seen evidence in this section indicating that the increase in 
employment when fast Internet arrived in Africa was driven, in part, by greater firm 
entry in South Africa; by higher firm level productivity in existing Ethiopian manu-
facturing firms; and by an increase in exports, on-the-job training, and use of online 
communication among firms in the six WBES countries in our sample. While the 
magnitudes of these economic responses is important in their own right, data lim-
itations prevent us from investigating what share of the changes in employment 
patterns they account for. Additional mechanisms likely also played a role.

VI. Fast Internet, Employment, and Incomes

Some would consider employment a means to an end more than an end in itself. 
In Table 9, we explore how the arrival of fast Internet ultimately affects incomes in 
Africa. Increasing access to, and lowering the cost of, information and communi-
cation may affect incomes also through other channels than employment outcomes. 
But to the extent that fast Internet affects overall and skilled net job creation, we 
would a priori also expect such an employment response to ultimately translate into 
higher incomes.

We follow a growing literature and proxy for average incomes at location level 
with light density at night as measured by satellites (see e.g., Henderson, Storeygard, 
and Weil 2012; Bleakley and Lin 2012; Michalopoulos and Papaioannou 2013, 
2018; Lowe 2014). In addition to capturing the aggregate economic benefits of fast 
Internet, an advantage of this income proxy is that it is available for all 12 countries 
in our sample. The National Oceanic and Atmospheric Administration (NOAA) pro-
vides pixel-level measures of average night light density from satellite images. We 
thus construct a grid of such pixels that are 0.1 degree ( ∼ 10 km) apart, in the spirit 
of Michalopoulos and Papaioannou (2013). The estimating equation we use is (1) 
as throughout the paper; the  i  subscript now indexes the pixels. In column 1, we 
see that night light density rises by about 2.4 percent when fast Internet becomes 
available. Controlling for a nonlinear trend in average incomes that is specific to the 
connected locations—interactions between the Connected indicator and the time 
fixed effects—in column 2 increases the estimated impact of fast Internet on night 
light density to 3.3 percent.

The balanced panel, “high(er)-T ” format of the night lights data allows us to trace 
out how fast Internet affects economic activity over time better than the household 
surveys we use allow. We do so in Appendix Figure A3 by interacting a location’s 
connectivity status with years-to/since-cable-arrival-dummies, as in an event study. 
First, we see that year-to-year changes in average incomes in connected locations 
relative to unconnected locations hover around zero prior to the arrival of submarine 
cables. Second, relative average incomes in connected locations start to rise the year 
fast Internet arrives. Third, the rise continues in each of the two following years, 
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before relative average incomes in connected locations level off in the third “post” 
year. It thus appears that the impact of fast Internet on incomes in Africa persists 
over time, but that the growth effect may be especially large in the first few years 
after the submarine cables arrive.

VII. Conclusion

This paper provides evidence on how fast Internet affects employment in Africa. 
We exploit the gradual arrival of ten submarine Internet cables from Europe in cit-
ies on Africa’s coast in the late 2000s and early 2010s and interact landing points  
and times with an indicator for whether a given location is on the terrestrial cable 
network that connects users with the coast. We first show that both average speeds 
and use of the technology increase when the submarine cables arrive. We then com-
pare the changes in employment patterns in areas with a bigger versus a smaller 
increase in access to fast Internet, controlling for location and time effects. In each 
of 3 different datasets that together cover 12 African countries with a combined 
population of roughly half a billion people, we find a significant and large rela-
tive increase in the employment rate in connected areas when fast Internet becomes 
available. Extensive prodding of the identifying assumptions that underlie our gen-
eralized difference-in-differences approach suggests that these estimates reflect a 
causal effect of access to fast Internet on employment rates. Employment responses 
of the magnitude we document indicate that building fast Internet infrastructure may 
be among the currently feasible policy options with the greatest employment-cre-
ating potential in Africa. We also show that the technology’s impact is driven by 
an increase in employment in higher-skill occupations. Finally, fast Internet if any-
thing lowers (un)employment inequality across the educational attainment range in  
Africa.

The observed changes in average speeds and use of the Internet after the arrival 
of the submarine cables suggest that new and new types of jobs may have been (net) 
created both via extensive margin (new Internet users) and intensive margin (differ-
ent use of the Internet by existing users) responses. We explore these possibilities 
with more detailed firm-level data available for some countries. In South Africa, 

Table 9—Fast Internet and Incomes

Outcome Light density at night (asinh)

Unit of analysis Point

Sample NOAA

(1) (2)

SubmarineCables  ×  connected 0.024 0.033
(0.009) (0.018)

Observations 80,360 80,360

Country  ×  time FE Yes Yes
Grid-cell  ×  connected FE Yes Yes
Connected  ×  time FE No Yes

Notes: The data is yearly and for 2007–2013. Grid-cells are 0.1  ×  0.1 decimal degrees, which 
is roughly 10 ×  10 km. Locations are considered connected if they are closer than 0.5 km to 
the backbone network. Light density at night proxies for average income at location level. 
Robust standard errors clustered at grid-cell level in parentheses.
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firm entry increases—notably in sectors that tend to benefit from ICT—as does the 
productivity of existing manufacturing firms in Ethiopia, when fast Internet becomes 
available. We also find more suggestive evidence that fast Internet appears to enable 
firms in Ghana, Kenya, Mauritania, Nigeria, Senegal, and Tanzania to export more, 
perhaps in part because online communication with clients became easier.

The impact on job inequality we document indicates that the skill bias of fast 
Internet in Africa is more nuanced than what has been found for computerization 
and fast Internet in rich countries. This in turn suggests that the primary explanation 
for the slow economic progress of poor workers in Africa and other similar contexts 
during the last few decades is unlikely to be the factor bias of recent technological 
change. The sectors that ex ante appear to have been most constrained by lack of 
access to ICT, and that create more “good” jobs when fast Internet becomes avail-
able, are broadly speaking sectors associated with high relative productivity in Africa. 
In at least some of these sectors in some parts of the continent, fast Internet further 
increases productivity, and appears to enable exporting. This suggests that the tech-
nology contributed positively to structural change in Africa during our data period.

Appendix
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Figure A1. Broadband Subscription and Connection Charges,  
before and after Submarine Cable Arrival

Notes: This graph plots the coefficients from running a regression with event-time indicators, using a depen-
dent variable from the International Telecommunication Union (ITU). The event time is calculated as the year of 
 outcome measurement net the year of first cable connection. Country and year FEs are included in the regression. 
The ITU data structure is country  ×  year, and includes observations from all countries used elsewhere in the paper, 
with the exception of DR Congo (for which data is missing), and is available for every year between 2007 and 2014. 
The figure plots the effect on monthly fixed-broadband subscription and connection charges measured in USD.
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Figure A2. Road Networks and Electricity Grid (Southwestern South Africa as Example)

Notes: This graph plots the road networks and electricity grid used in the placebo “treatment” estimations. Road 
data comes from SEDAC and electricity data from AICD.

Figure A3. Fast Internet and Incomes over Time

Notes: This graph plots the coefficients from the interaction terms between the connected status and event-time  
indicators. The event time is calculated as the year of light measurement net the year of first cable connection. 
A dummy variable is created for each event time and is subsequently interacted with the connected indicator.  
Country  ×  year FEs are included in the regression.
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Table A1—Fast Internet and Employment, Varying Grid-Cell Size 

Outcome Employment (0/1)

Unit of analysis Individual

Grid-cell size 10 km 15 km 20 km 25 km 30 km 35 km 40 km
(1) (2) (3) (4) (5) (6) (7)

DHS

SubmarineCables  ×  connected 0.046 0.047 0.051 0.044 0.052 0.049 0.060
(0.014) (0.016) (0.018) (0.019) (0.014) (0.016) (0.018)

Observations 59,914 59,914 59,914 59,914 59,914 59,914 59,914
Mean of outcome 0.68 0.68 0.68 0.68 0.68 0.68 0.68

Afrobarometer

SubmarineCables  ×  connected 0.077 0.076 0.080 0.076 0.069 0.071 0.073
(0.037) (0.038) (0.036) (0.037) (0.034) (0.035) (0.034)

Observations 7,918 7,918 7,918 7,918 7,918 7,918 7,918
Mean of outcome 0.58 0.58 0.58 0.58 0.58 0.58 0.58

Country  ×  time FE Yes Yes Yes Yes Yes Yes Yes
Grid-cell  ×  connected FE Yes Yes Yes Yes Yes Yes Yes

Notes: The DHS sample includes Benin, D.R. Congo, Ghana, Kenya, Namibia, Nigeria, Tanzania, and Togo. The 
Afrobarometer sample includes Benin, Ghana, Kenya, Madagascar, Mozambique, Nigeria, Senegal, South Africa, 
and Tanzania. Survey years for each DHS and Afrobarometer country are reported in online Appendix Table A1. 
Grid-cells range from 10  ×  10 km to 40   ×   40 km. Time is years in both datasets. Individuals (locations) are con-
sidered connected if they are closer than 0.5 km to the backbone network. Robust standard errors clustered at grid-
cell level in parentheses, using the same grid-cell size as stated in the column headers.
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