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Abstract

The Policy Research Working Paper Series disseminates the findings of work in progress to encourage the exchange of ideas about development 
issues. An objective of the series is to get the findings out quickly, even if the presentations are less than fully polished. The papers carry the 
names of the authors and should be cited accordingly. The findings, interpretations, and conclusions expressed in this paper are entirely those 
of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and 
its affiliated organizations, or those of the Executive Directors of the World Bank or the governments they represent.

Policy Research Working Paper 9576

Developing countries are implementing policies expanding 
the adoption and productive use of digital technologies 
to advance economic development and inclusion. Yet, sys-
tematic analyses of the welfare and distributional effects of 
digital technologies on households and individuals—espe-
cially broadband mobile internet—remain limited. To fill 
this knowledge gap, this paper proposes a simple analytical 
framework to offer insights on how more equitable access to 
digital technologies affects household welfare, which can be 
organized into four areas: (1) determinants of adoption of 

digital technologies; (2) distributional effects of increasing 
competition in the information and communication tech-
nology industry; (3) welfare and poverty effects of coverage 
and access to digital technologies; and (4) local economic 
effects of access to digital technologies. To illustrate the 
relevance and replicability of this framework across devel-
oping countries, the analysis is carried out for Senegal, a 
country that has recently experienced a rapid expansion in 
digital infrastructure.

This paper is a product of the Poverty and Equity Global Practice. It is part of a larger effort by the World Bank to 
provide open access to its research and make a contribution to development policy discussions around the world. Policy 
Research Working Papers are also posted on the Web at http://www.worldbank.org/prwp. The authors may be contacted 
at crodriguezc@worldbank.org.   
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1. Introduction 
 
Digitization may translate into increased opportunities for firms and households, including among the large 
number of low-skill people living in developing countries. Digital technologies (DTs) have been defined as “the 
internet, mobile phones, and all the other tools to collect, store, analyze, and share information digitally” (World 
Bank 2016, 2). These technologies may help reduce various types of costs, such as search, replication, 
transportation, tracking, and verification costs that contribute to economic transformation (Goldfarb and 
Tucker 2019). As costs decline, the associated shifts in economic behavior have the potential to affect 
household welfare through, for example, their impact on firms and government. Evidence suggests that DTs 
may play an important role among households both as producers (by raising productivity and the access to 
markets and finance and thus spurring job and income growth) and as consumers (by bringing down prices, 
expanding choice sets and information, and improving public service delivery). 
 
DTs can produce potentially significant gains in developing countries, notably in Sub-Saharan Africa. Given 
the specific development challenges in the region—low technology adoption and high numbers of 
underemployed people, it has been posited that African countries could particularly benefit from DTs within 
an appropriate institutional and business environment (Choi, Dutz, and Usman 2020). Nonetheless, rigorous 
research on the effects of DTs—particularly broadband internet—on the welfare of households remains 
limited. Most studies focus on cell phone access (or second-generation [2G] technologies).1 Regarding the 
internet, there is limited research in terms of fixed broadband. One of the exceptions is a forerunner study that 
finds that the expansion of this technology has enabled more rapid job creation and economic activity in 12 
African countries (Hjort and Poulsen 2019). In terms of mobile broadband internet (3G/4G technologies) and 
its effects on the welfare of households and individuals, the literature is even scarcer. This lack of evidence is 
particularly troubling considering that most people in Africa access the internet through mobile phones rather 
than through fixed broadband internet. A better understanding of the effects of mobile broadband on 
households could have important implications for policy. A notable recent exception to the lack of analysis 
uses data on Nigeria to test explicitly the impact of 3G/4G technologies on households (Bahia et al. 2020). The 
findings show that the rollout of mobile broadband internet boosted household consumption and contributed 
to a reduction in moderate and extreme poverty in that country. 
 
This paper proposes a simple analytical framework to identify the effects of DTs on households by considering 
the cost- and friction-reduction impact of these technologies across various channels. Using this framework as 
a basis, the paper proposes a series of analyses that, together, provide a comprehensive country assessment of 
the welfare effects of DTs among households and individuals, focusing particularly on mobile broadband 
internet. This broad assessment aims to provide an overview of the implications of DT adoption and usage 
from the decision to adopt the technology to the welfare effects, including in terms of subgroup and territorial 
inequalities, and relying on ex ante and ex post evaluations. 
 
The first step in understanding the potential effects of DTs on welfare is to unpack how households decide to 
adopt these technologies, by identifying the factors and barriers that contribute to drive this behavior. Adoption 
can be influenced by factors across individuals, such as by income, educational attainment, and sex; as well as 
at the country-level, such as by the accessibility and affordability of these technologies and the availability of 
complementary infrastructure (for instance, access to electricity). The analysis thus first looks into the main 
determinants of mobile broadband internet adoption among households and the degree of the digital divide 
within a given population, based on household survey data. To incorporate the role of prices into the analysis, 

 
1 2G technologies enable voice, SMS, and limited internet access, while 3G technologies enable more rapid internet browsing and data 
downloading. 
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the study derives a mobile data price proxy using individual level expenditures on prepaid mobile phone cards 
and airtime/data transfers from the survey among mobile internet users. The study then models adoption using 
a probabilistic model.  
 
Second, the analysis focuses on the role that a competitive environment in a local information and 
communication technology (ICT) industry can play in incentivizing the adoption and use of DTs. To 
accomplish this, the study performs ex ante simulations that investigate the likely welfare effects of increased 
competition in a mobile internet market, through the impact of competition on the price of services and on the 
incentives for new entrants.  
 
Once households decide to adopt DTs, the focus turns to untangling the impact on welfare ex post. In third 
step, thus, the analysis studies the welfare effects of mobile broadband internet on households, encompassing 
also the heterogeneous effects across different groups and the potential channels of transmission. It also 
simulates the likely impacts of an expansion in the use of DTs, namely mobile money, and the related potential 
to reduce inequalities across subgroups.  The welfare gains associated with DTs may also vary geographically: 
some territories may benefit, while others lag behind. Therefore, fourth, the analysis uses spatially disaggregated 
data to examine the potential gains of access to DTs at the local level. 
 
This analysis is carried out for Senegal. The country represents a good case study for several reasons. Over the 
past decade, Senegal has experienced a rapid expansion in the use of DTs. Many Senegalese have gained 
coverage for cell phone services and mobile internet; access to fixed broadband is growing; and the number of 
incubators and investment funds is rising. Yet, the country still lags behind Sub-Saharan Africa’s top performers 
in terms of mobile broadband connectivity and internet use, and there is significant potential for the expansion 
of digital infrastructure. A digital divide persists in coverage and access to the internet across territories and 
groups. The ICT industry is concentrated; it is dominated by the Société Nationale des Télécommunications 
du Senegal (Sonatel), which owns the largest fiber optic network in the country and is the only operator to 
provide ADSL internet and 4G (World Bank 2018a). At the same time, while Senegal has observed a steady 
growth rate of 6 percent since 2014, poverty levels are high, and there is a large share of unskilled and 
underemployed workers, particularly in rural areas (World Bank 2018a). 
 
The government has taken several steps to create an enabling environment to digitalize the economy. This has 
involved explicit reforms to raise internet usage (the Sénégal Numérique 2016-2025 strategy). A new wave of 
reforms aims to open up the sector through the entry of more internet service providers. In this way, the 
government faces significant potential to continue expanding access to DTs, while simultaneously minimizing 
the risk of a widening digital divide and ensuring that benefits reach the most vulnerable. The results of the 
empirical analyses presented in this paper show that household consumption and the price of mobile data are 
among the main factors in mobile internet adoption in Senegal, in addition to other socioeconomic 
characteristics (educational attainment, employment sector), demographic ones (age, sex, urban residence, 
language) and policy-related factors (access to electricity, asset ownership). The results also highlight the 
importance of a competitive ICT environment. Specifically, the simulation exercise shows that rising 
competition in the mobile internet market reduces prices, which is associated with an increase in new market 
entrants and the purchasing power of existing customers, and a consequent increase in household welfare gains. 
In terms of direct welfare effects, the analysis confirms that mobile broadband internet coverage in Senegal is 
associated significantly with higher household consumption and lower poverty rates. The welfare effects differ 
across groups. The magnitudes are greater in urban areas, among the young, and among man-headed 
households. One of the channels through which mobile broadband internet translates into improvements in 
welfare is the labor market. The analysis finds evidence that mobile broadband coverage is positively correlated 
with wage and salaried employment. There is also evidence that greater access in ICT coverage across the 
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country’s territory is associated with modest poverty reduction and an improvement in local economic activity 
(proxied by the intensity of nighttime lights). Finally, in terms of the productive use of DTs, expanding the 
access to mobile money accounts in Senegal can reduce differences in account ownership by characteristics 
such as sex, age, and labor force status, thereby contributing to reducing horizontal inequality, as shown by a 
simulation analysis. 
 
While these analyses have limitations, they provide useful insights to inform the policy discussion on strategies 
that may help enhance the welfare effects of DTs. Public policies can help create conducive environments for 
households to take advantage of DTs by, for example, improving the affordability of digital infrastructure, 
contributing to achieving the universal coverage of mobile broadband internet, and raising the access to 
electricity. Other reforms might focus on increasing competition in the ICT sector, which can contribute to 
reduce mobile data prices; or on establishing favorable conditions for the expansion of mobile money. A 
detailed assessment of the welfare effects of DTs among households and individuals in a given country, such 
as the one proposed here, can provide an evidence base to inform the policy debate. 
 
This paper is structured as follows. Section 2 supplies a brief literature review. Section 3 outlines the main 
elements of the country assessment based on an analytical framework. Section 4 provides context on Senegal. 
Section 5 presents the country assessment applied to Senegal, with an overview of the various analyses. Section 
6 offers a policy discussion. Section 7 concludes. 
 

2. Literature Review 
 
The focus of this literature review is the internet rather than other DTs, such as cell phones. The review first 
examines the literature on factors in the adoption and use of DTs and then the welfare impact of DTs on 
households. 
 
2.1. Determinants of the adoption and use of digital technologies 
 
The literature identifies demographic and socioeconomic characteristics, such as education, sex, income, age, 
network effects, digital literacy, and household size, as drivers of internet adoption and use (Coelho, Silva, and 
Ehrl 2019; Goldfarb and Prince 2008; Grazzi and Vergara 2014; Kongaut and Bohlin 2016; Martínez-
Domínguez and Mora-Rivera 2020; Nishijima, Ivanauskas, and Sarti 2017). Studies on Sub-Saharan Africa reach 
similar conclusions (Birba and Diagne 2012; Gillwald, Milek, and Stork 2010; Pénard et al. 2012, 2015).  

Few studies, however, focus on mobile broadband.2 Some only consider ‘internet access from home’ (Coelho, 
Silva, and Ehrl 2019; Goldfarb and Prince 2008; Grazzi and Vergara 2014), while others do not distinguish 
between modalities of access, such as fixed broadband internet at home, outside the home, or internet use 
through mobile broadband (Birba and Diagne 2012; Gillwald, Milek, and Stork 2010; Martínez-Domínguez and 
Mora-Rivera, 2020; Nishijima, Ivanauskas, and Sarti 2017; Penard et al. 2012, 2015). Two of the studies 
reviewed focus on mobile broadband: Kongaut and Bohlin (2016) and Dubus and Hasbi (2020). The former 
relies on ICT-use survey data for Sweden, while the latter relies on household financial inclusion surveys for 
four Sub-Saharan African countries. For the most part, studies on this issue neither account for the role that 

 
2 Despite the fact that most people in developing countries, particularly in Sub-Saharan Africa, access the internet through mobile 
phones rather than through fixed broadband internet. Indeed, the number of active mobile broadband subscriptions per 100 inhabitants 
in Africa in 2019 was 34.0, compared to 0.4 for fixed broadband subscriptions (ITU, “Measuring digital development Facts and figures,” 
2019). 
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prices can play in mobile broadband adoption, nor incorporate the fact that there is no universal 3G coverage 
in most countries.  

Characteristics at the country level can also play a role in internet coverage and adoption. In poor countries, 
electricity access appears to be a key driver of internet adoption (Armey and Hosman 2016). Higher competition 
among digital service providers can reduce prices and allow new entrants to adopt internet services (Decoster 
et al. 2019; Rodríguez-Castelán et al. 2019; Rodríguez-Castelán, Araar, et al. 2021). Competition appears to have 
had a positive and significant effect on cell phone coverage systems in Sub-Saharan Africa (Buys et al. 2009; 
Howard and Mazaheri 2009). 

Some research, mostly on developed countries, considers the role of prices and variable- and fixed-costs as 
factors behind adoption of the internet. Studies on the United States show that consumers tend to place a 
premium on unlimited data and unmetered pricing, but a lower value on bandwidth (Liu, Prince, and Wallsten 
2018; Varian 2002). Others focus on the surplus generated by residential broadband usage and the degree of 
capture of internet service providers (Nevo, Turner, and Williams 2016). An Organisation for Economic Co-
operation and Development (OCDE) cross-country study finds that the demand for internet services is price 
inelastic, whereby people continue demanding the services even as the price increases, while the income 
elasticity is greater than 1, suggesting that, relative to changes in income, internet is similar to a luxury good 
(Goel et al. 2006). 
 
Socioeconomic characteristics, such as age, educational attainment, and income, appear to influence the 
adoption of DTs for various uses. A study based on data on Cameroon finds that young people tend to use the 
internet for leisure activities, while older, more educated, and computer savvy people are more likely to use it 
to search for information (Pénard et al. 2015). Analogously, a study in rural areas of Mexico finds that young 
people are more likely to use the internet for entertainment, while working-age people go online for 
information, communication, and e-commerce activities (Martínez-Domínguez and Mora-Rivera 2020). It also 
concludes that higher educational attainment is associated with increases in the types of uses. Goldfarb and 
Prince (2008) show that low-income people in the United States are more likely to undertake inexpensive, time-
consuming activities online. However, they also find that individuals who spend a greater number of hours on 
the internet also tend to perform more value-oriented activities, such as e-government, research on purchases, 
telemedicine, and news. 
 
2.2. Effects of the adoption and use of digital technologies 
 
Most research on the effects of DTs in developing countries focuses on cell phone access (or 2G technologies). 
This literature shows that mobile phone expansion and coverage may have positive impacts on household 
income, consumption, and poverty reduction (Beuermann, McKelvey, and Vakis 2012; Blauw and Franses 
2016; Blumenstock et al. 2020). One of the mechanisms behind the positive effects is a rise in employment 
among women that is associated with the rollout of mobile phone networks (Klonner and Nolen 2010). Mobile 
phones enhance access to information, reduce costs and improve coordination, with positive effects on 
agricultural production, prices, market access, and market participation (Aker 2008, 2010; Aker and Fafchamps 
2015; Aker and Mbiti 2010; Jensen 2007; Muto and Yamano 2009; Zanello 2012). The literature also highlights 
the role of mobile money in enhancing access to the financial system such as by reducing transaction costs, 
easing the ability to make payments, and facilitating savings (Aker and Wilson 2013; Demombynes and Thegeya 
2012; Munyegera and Matsumoto 2018). 
 
The effects of mobile broadband internet (for instance, 3G and 4G technologies) on the welfare of households 
and individuals have been studied much less, although research is growing. Recent evidence suggests that an 
expansion in fixed broadband internet has enabled more rapid job creation and raised economic activity in 
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Africa, while promoting greater productivity and export growth among firms (Hjort and Poulsen 2019). New 
research also shows that the rollout of mobile broadband internet has boosted household consumption and 
reduced moderate and extreme poverty in Nigeria (Bahia et al. 2020). 
 
The literature on the mechanisms through which the internet may enable welfare improvements is relatively 
more extensive. Evidence suggests that the internet can contribute to labor productivity and employment 
among firms (Fernandes et al. 2019; Paunov and Rollo 2015). The internet has been associated with positive 
effects on output, crop prices, and wage employment in rural markets (Goyal 2010; Kaila and Tarp 2019; Ritter 
and Guerrero 2014; Salas Garcia and Fan 2015). Masaki, Raja, and Rodríguez-Castelán (2020) show that internet 
coverage in rural areas in Nigeria is associated with higher agricultural productivity, higher traded volumes of 
agricultural products, and better use of inputs such as fertilizer and equipment. Mobile broadband has also been 
linked with positive financial inclusion outcomes (Hasbi and Dubus 2020). Heterogeneous effects analyses find 
evidence of stronger labor income effects among new users and low-income households and improved labor 
market outcomes among women (Chun and Tang 2018; De los Rios 2010; Marandino and Wunnava 2014; 
Menon 2011; Viollaz and Winkler 2020). E-commerce has been linked with gains in income among rural 
households and with positive effects on reducing spatial inequality (Couture et al. 2018; Fan et al. 2018). Access 
to mobile money platforms (which are not exclusive to mobile broadband and are often based on 2G 
technology) may have impacts on consumption and poverty reduction, including through their effect on 
improving the distribution of government cash transfers (Aker et al. 2016; Suri and Jack 2016). 
 
The literature suggests that the internet may have heterogeneous effects by location, benefiting some geographic 
areas over others because the reductions in frictions and costs vary according to local factors (Forman, 
Goldfarb, and Greenstein 2018). Little is known, however, about the potential impact of DTs on regional 
poverty trends, particularly in developing countries. Most evidence on the territorial digital divide is 
concentrated in developed economies. A study on the United States finds that broadband increased 
employment rates more in low-density rural areas than in urban areas (Kolko 2012). Conversely, based on data 
on US counties, Forman, Goldfarb, and Greenstein (2012) find that the internet exacerbates regional income 
inequality. In terms of developing countries, research on Brazil suggests that the positive incidence of 
broadband on productivity is not uniform across regions, finding evidence of regional convergence (Jung and 
López-Bazo 2019). Jung and López-Bazo (2019) argue that more rapid download speed and critical mass, which 
account for network externalities, tend to enhance the economic impact of broadband. 
 

3. Analytical Framework 
 
This paper aims to identify options for removing barriers to DT adoption and to understand the subsequent 
welfare effects of DTs on households, with a view to providing actionable links to policy channels. The 
framework below illustrates the path from areas in which countries may upgrade their DT foundations to the 
potential impact of DTs on economic growth and household welfare. It builds on the distinguishing 
characteristic of DT: its potential for reducing various economic costs and frictions (Goldfarb and Tucker, 
2019), depicted at the center of figure 1. The availability of DTs is given by the foundations for digital upgrading, 
shown on the left, beginning with digital infrastructure. Digital infrastructure includes connectivity (such as 
affordable and available broadband infrastructure), the internet of things (from handsets to access the internet 
and tractors and irrigation systems with data sensors to applications responsive to the needs of local users, such 
as farmers), and data repositories. Other foundations encompass digital skills (digital literacy and digital 
technology and business skills) and a conducive legal and regulatory framework that promotes entry and 
innovation, regulates digital business and finance, and addresses privacy and data-sharing concerns. 
Complementary analog structures, such as access to electricity and road infrastructure, also play a crucial role 
in the availability of DTs. 
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As costs and frictions decline because of greater DT availability and use, the shifts in economic behavior have 
implications for economic agents, namely, households, firms and government. Uptake by firms and 
governments leads to the development of digital platforms on which public and private products and services 
are offered and to the development of digital financial services. The drivers and barriers to uptake include 
macro- and micro-level factors on the supply side (such as access to affordable broadband, Wi-Fi hotspots, cell 
phones, and electricity) and on the demand side (such as the purchasing power and access to finance among 
individuals and socioeconomic and demographic characteristics, including age or sex). The framework 
considers the cost-reduction impact of DTs among economic agents across five transmission channels: 
consumer surplus, labor income, capital income, the tax and transfer system, and nonmonetary gains. The 
impact of DTs depends on varying intensities of the adoption and use across productivity-enhancing DTs and 
the interaction with analog technologies and other complements, as well as from potentially cheaper, higher-
quality consumer goods and public services. The framework assumes competition in goods, labor, and capital 
markets and captures direct economy-wide effects. At the bottom of figure 1, the framework exemplifies some 
of the policy interventions that can help improve the availability of digital foundations and the uptake by firms, 
government and individuals, as well as policies that can enhance the welfare impacts of DTs.   
 
Figure 1. Analytical Framework: from Digital Foundations to Household Welfare 

 
 
The focus in the current application of the framework is on digital infrastructure, particularly broadband 
internet access, and on one type of economic agent, households, to identify the drivers of the adoption of DTs 
and their welfare impacts. The role of regulatory frameworks is also explored by simulating the impact of 
enhanced competition in the ICT sector on welfare through reduced prices and new entrants (to the extent that 
a conducive legal and regulatory framework can improve competition). The study concentrates on identifying 
factors of DT adoption and the direct effects on welfare, but also explores some of the channels of transmission 
behind the benefits of internet access on individuals and households. These include the role of the labor market 
as a potential channel of transmission for welfare enhancements and of mobile money in expanding private 
transfers. 
 
On the basis of this framework, the paper proposes a set of analyses that, together, make up a comprehensive 
assessment of the welfare effects of DTs on individuals and households within a given country. The assessment 
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resides in four main areas of analysis (figure 2): (1) determinants of adoption: the drivers and barriers that contribute 
to the adoption of DTs among individuals and households; (2) welfare effects of competition in the ICT sector, such 
as the analysis—through ex ante simulations—of the impact of an increase in competition in the 
telecommunication market on the price of services and the number of new entrants; (3) poverty and distributional 
effects: ex post analysis of the welfare effects of DTs on households once the technology has been adopted, 
including the effects across socioeconomic and demographic groups, the transmission channels, and subgroup 
inequalities in use; and (4) territorial effects: through the use of spatially disaggregated data, the analysis of the 
impact of DTs at the local level. 
 
Figure 2. Country Assessment: Welfare Effects of Digital Technologies 

 

 
 

 
The country assessment thus provides a detailed approach to analyzing DTs and welfare from various 
perspectives from adoption to the effects of use, thereby producing evidence to inform policy discussions in 
developing countries. Table A1 in the Annex further outlines the steps of each component in the assessment, 
to provide a roadmap for future research. A valuable feature of the assessment is that the evidence produced is 
useful in estimating an order of magnitude on the costs and benefits of expanding the adoption and use of 
DTs. 
 
The rest of the paper provides an empirical application using Senegal as a case study. Most of the analysis 
considers mobile broadband internet, contributing to the emerging literature on the subject. 
 

4. Senegal: Country Context 
 
Sub-Saharan Africa is the region with the lowest internet penetration in the world (18.7 percent). While Senegal 
has a relatively higher rate of internet penetration (29.6 percent), it still lags behind the global average (49.0 
percent).3 Figure 3 shows the use of internet in Senegal relative to peers as well as to the 5th and 95th percentile 

 
3 Data refer to 2017. The internet penetration rate is defined as the number of individuals using the internet as a percentage of the 
population. Internet users are those individuals who have used the internet (from any location) in the last three months. The internet 
can be accessed over a computer, mobile phone, personal digital assistant, games machine, digital television, and so on. See WDI (World 
Development Indicators October 2020 edition) (database), World Bank, Washington, DC, https://datatopics.worldbank.org/world-
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of Sub-Saharan African countries. Over the past 15 years, Senegal has ranked between the first and the second 
place in terms of coverage with respect to Côte d’Ivoire, Rwanda and Kenya. Yet, comparing Senegal to the 
regional leaders (Figure 3, Panel B) suggests that the country still has room to catch up. 
 
Figure 3. Individuals Using the Internet, Senegal, 2000–17 (% of the population) 
a. Senegal vs. peer countries b. Senegal vs. regional leaders 

   
Source: WDI (World Development Indicators October 2020 edition) (database), World Bank, Washington, DC, 
https://datatopics.worldbank.org/world-development-indicators/; WTI (World Telecommunication/ICT Indicators database), International 
Telecommunication Union, Geneva, https://www.itu.int/en/ITU-D/Statistics/Pages/publications/wtid.aspx.  
Note: Dashed black lines represent the values of countries ranking in the 95 and 5 percentile of the cumulative distribution function of the variable 
of interest for the group of Sub-Saharan Africa countries. The cumulative distribution function refers to the most recent year with available 
information. For more information on the methodology, see World Bank (2019a). The 95th percentile countries in the case of individuals using the 
internet are Cabo Verde, Gabon, and South Africa. The 5th percentile countries refer to Burundi, Eritrea, and Somalia. For fixed broadband 
subscriptions, 95th percentile countries are Cabo Verde and Mauritius, while 5th percentile countries are Chad, Democratic Republic of Congo, and 
South Sudan.  

 
The Government of Senegal has undertaken efforts to generate an enabling environment for the digitalization 
of the economy. It recently implemented reforms to expand the use of internet (the Sénégal Numérique 2016–
2025 strategy), while significant infrastructure has already been established. A new wave of sectoral reforms 
seeks to open the sector, including through the entry of more internet service providers and the consolidation 
of digital infrastructure.4 
 
These efforts are not without challenges, such as in terms of the relatively low broadband penetration and 
quality of services in the country and the limited competition in the ICT sector. Mobile markets are 
concentrated in Senegal, led by Sonatel, which owns essential infrastructure (World Bank 2018a). The number 
of active mobile broadband–capable subscriptions in Senegal is above the average in the region (43.7 vs. 35.0 
per 100 inhabitants) as is the number of fixed broadband subscriptions (0.8 vs. 0.4 per 100 inhabitants).5 Yet, 
Senegal’s numbers remain low compared with regional leaders.6 The relatively low number of fixed broadband 
subscriptions in the country helps explain the fact that 98.5 percent of users in 2018 accessed the internet 
through mobile phones compared with only 1.5 percent over fixed broadband (ARTP 2019). Furthermore, 

 
development-indicators/. See also WTI (World Telecommunication/ICT Indicators database), International Telecommunication 
Union, Geneva, https://www.itu.int/en/ITU-D/Statistics/Pages/publications/wtid.aspx.  
4 In July 2018, three internet service providers were granted licenses, each with coverage obligations in five regions of the country 
(BuddeComm 2020). 
5 Data refer to 2018. Estimates for active mobile broadband–capable subscriptions based on data of GSMA Intelligence (database), 
Global System for Mobile Communications (GSM Association), London, https://www.gsmaintelligence.com/. Accessed on June 2020. 
Mobile broadband–capable connections = 3G + 4G connections. Regional calculations have been performed by adding 3G and 4G 
connections for all 48 countries in Sub-Saharan Africa and dividing by total population. Eritrea was excluded because of the lack of 
available data. Fixed-broadband subscriptions estimates from WDI (World Development Indicators October 2020 edition) (database), 
World Bank, Washington, DC, https://datatopics.worldbank.org/world-development-indicators/. 
6 For example, the number of fixed broadband subscriptions in Cabo Verde, Mauritius, and Namibia (2.8, 21.6, and 2.5 per 100 
inhabitants, respectively) is much higher than that in Senegal (0.82 per 100 inhabitants). 

https://www.itu.int/en/ITU-D/Statistics/Pages/publications/wtid.aspx
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service quality is low despite access to three submarine cables and low wholesale prices. It lags regional leaders 
in indicators such as fixed broadband download speed.7 In addition, the number of secure internet servers per 
one million people (17) is low compared with international standards (6,172 servers per one million people).8 
This poses a security and governance challenge for internet adoption, e-commerce, and mobile money. 
 
Despite significant improvements in coverage since 2016, divides by geographical area and subgroups remain 
(particularly in 3G access), alongside high ICT retail prices. A significant 3G coverage gap persists between 
urban and rural areas, while connectivity inequality exists between Dakar and secondary cities (Pikine, Saint-
Louis, and Touba) and within Dakar. The country also has one of the most expensive mobile ICT price baskets 
in the world, which may act as a source of digital divide. In 2019, Senegal ranked as the 164th most expensive 
country among 182 countries on the basis of a high-consumption mobile data-and-voice price basket, which, 
in Senegal, was valued at 25.3 percent of gross national income per capita (ITU 2020).9 The most vulnerable 
groups are more prone to be disconnected from all infrastructure except mobile phones (2G coverage is high 
across both low- and high-poverty incidence areas.)10 
 
Persistent horizontal inequalities exist in digital use, such as in mobile money. Senegal lags leading regional 
peers in mobile money account ownership, at 32 percent compared with 39 percent in Ghana and 73 percent 
in Kenya, according to 2017 Global Findex data.11 Significant disparities also exist within Senegal, for example, 
by sex and location. Among men, 35 percent own mobile money accounts, compared with 29 percent among 
women (figure 4, panel a).12 The share of mobile money account ownership in urban areas is 35 percent relative 
to 27 percent in rural areas (figure 4, panel b).13 There are also gaps in usage, for example, internet use for digital 
payments, such as for purchases and paying bills. Online payments are more common among men, the more 
educated, labor force participants, and people in the top 60 percent of the consumption distribution (2017 
Global Findex data). The limited use of digital-enabled financial services may represent a barrier to benefiting 
from digital sources of growth. 
 
 
 
 
 

 
7 At 23.56 megabits per second, Senegal ranks sixth in the region in fixed broadband download speed, behind Ghana, Madagascar, 
South Africa, the Seychelles, and Côte d’Ivoire. Speedtest Global Index (database), accessed on September 2020, Ookla, LLC, Seattle, 
https://www.speedtest.net/global-index. 
8 The data refer to the number of distinct, publicly trusted transport layer security and secure sockets layer certificates found in the 
Netcraft Secure Server Survey. See “Active Cyber Defense,” Netcraft, Bath, UK, http://www.netcraft.com. Population estimates from 
WDI (World Development Indicators October 2020 edition) (database), World Bank, Washington, DC, 
https://datatopics.worldbank.org/world-development-indicators/. 
9 A high-consumption data-and-voice basket is composed of a monthly allowance of at least 140 minutes (voice), 70 SMSs (text), and 
1.5 gigabytes (data). A data-only mobile broadband price basket corresponds to a 1.5 GB monthly data allowance. For data-only mobile 
broadband, the price basket in Senegal in 2019 stood at 3.06 percent of GNI per capita.  
10 The lowest 2G coverage, around 92 percent of the population, is in the Kédougou Region, which has the second highest poverty rate 
in the country, according to data provided by mobile service providers and data of the EHCVM 2018-19 survey. 
11 See Global Findex Database 2017 (Global Financial Inclusion Database), World Bank, Washington, DC, 
https://globalfindex.worldbank.org/. 
12 Ownership by men exceeds ownership by women by 21 percent in Senegal. In Senegal, the gap is larger than in Côte d’Ivoire, but 
smaller than in Benin and Niger, where ownership by men is over twice the ownership by women (2017 Global Findex data). 
13 Rural clusters are defined as areas with a density of at least 300 inhabitants per km2 of permanent land and with at least 500 and fewer 
than 5,000 inhabitants. Urban clusters are composed of towns and semi-dense areas and cities. Towns and semi-dense areas are defined 
as clusters with a density of at least 300 inhabitants per km2 of permanent land, a built-up surface share on permanent land greater than 
0.03 percent, and at least 5,000 inhabitants. Cities are defined as clusters with a density of at least 1,500 inhabitants per km2 of permanent 
land or with a built-up surface share on permanent land greater than 0.5 percent, and with at least 50,000 inhabitants. 
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Figure 4. Mobile Money Account Ownership, West African Economic and Monetary Union Countries, 
2017 
a. By sex  b. By area 

  
Source: Data of the Global Findex Database 2017 (Global Financial 
Inclusion Database), World Bank, Washington, DC, 
https://globalfindex.worldbank.org/. 
Notes: % of the population ages >15 

Source: Data of the Global Findex Database 2017 (Global Financial 
Inclusion Database), World Bank, Washington, DC, 
https://globalfindex.worldbank.org/. 
Notes: % of the population ages >15 

 
Connectivity gaps exist in terms of income, gender, location, and education, among others. Table 1 presents 
descriptive statistics on individuals with access to mobile broadband internet in Senegal using data of the 2018-
19 EHCVM.14 More individuals living in households above the median income threshold are connected to 
mobile internet (52 percent vs. 21 percent of individuals in households below the median). A higher rate of 
younger individuals, those between 15 and 40 years old, access the internet through mobile phones compared 
with older cohorts. Among individuals ages 25–40, 45 percent were connected, compared with 21 percent of 
individuals 41 or more who had access to mobile internet. The results also point to a gender gap and a rural-
urban divide. Among men, 40 percent are connected to mobile internet, compared with 30 percent of women. 
There are less rural residents than urban dwellers connected to mobile internet (17 percent vs. 49 percent, 
respectively).  
 
Educational attainment is highly correlated with mobile connection: 86 percent of individuals with tertiary 
education and above are connected, compared with 20 percent of individuals with less than primary education. 
Being literate as well as proficient in the main language available online also plays a role. More than half of 
individuals who are able to read and write in French are connected to mobile internet compared to only 19 
percent of those who are unable to read and write in French or are illiterate. Sector of employment also matters: 
about 46 and 45 percent of workers in the services and industry sectors are connected respectively, compared 
with only 13 percent of those employed in agriculture. Of those people who are unemployed or not participating 
in the labor force, 31 percent are connected, which could reflect individuals using the internet to look for jobs. 
Household assets are also important, with over 60 percent of individuals who live in households that own 
computers and tablets being connected to mobile internet.  
 
 
 
 
 
 
 

 
14 All variables pertain to characteristics of individuals ages 15 or more. Each tabulation is carried out at the individual level, adjusting 
for household weights. Connectivity should be interpreted as the percentage of individuals who have access to the internet through 
mobile phones. 

https://globalfindex.worldbank.org/
https://globalfindex.worldbank.org/
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Table 1. Mobile Internet Connectivity Data for Individuals, 2018-19 

  
Source: EHCVM 2018/2019 survey. 
Note: Only individuals 15+. Only includes individuals that accessed the internet through their mobile phones. Each tabulation is carried out at the 
individual level adjusting for household weights. The agriculture sector includes jobs in crops, fisheries and animal breeding. The industry sector includes 
extractive and other industries, and public works/construction jobs. The services sector includes commerce, restaurants/hotels, transportation, 
communication, education, health, other and personal services jobs. Secondary education is defined as individuals with less than tertiary but more than 
primary education. Tertiary is defined as individuals with tertiary education or more. 
 
Although Senegal has seen a steady decline in poverty, the poverty rate is still high, and the share of unskilled 
and underemployed workers is substantial. After a sustained decline, poverty reduction in the country appeared 
to decelerate in the late 2000s. The poverty rate based on the national poverty line was around 47 percent in 
2011.15 In recent years, estimates suggest that poverty has been reduced by 4 to 7 percentage points (World 
Bank 2018a). Challenges in human capital development also persist, particularly in the acquisition of skills. Over 
70 percent of workers in Senegal are unskilled, while adult literacy is about 40 percent, which is well below the 
averages in Sub-Saharan Africa and in low- and middle-income countries, at 60 percent and 73 percent, 
respectively (World Bank 2018a). Furthermore, despite the low unemployment rate (6.1 percent nationwide), 
there is evidence that underemployment affects one-fifth of the employed population and is especially common 
in rural areas, where 40 percent of the population works in seasonal rainfed agriculture (World Bank 2018a). 

 
15 Based on the international poverty line, the poverty rate is around 38 percent (World Bank 2018a). 

Distribution Groups Connected (%) Not Connected (%)
Income Threshold

Above 52 48
Below 21 79

Urban 49 51
Rural 17 83
Men 40 60
Women 30 70
Age

15 to 24 years old 37 63
25 to 40 years old 45 54

          41 and older 21 79
Education
         Less than primary 20 80
         Primary and secondary 48 52
        Tertiary 86 14
        Read and write French 54 46

 Do not read and write 
French and illiterate 19 81

Sector
        Agriculture 13 87
        Industry 45 54
        Services 46 54
       Unemployed/Inactive 31 68
Household assets
         Computer ownership 65 35
        T.V. ownership 47 53
        Tablet ownership 62 38
Complementary infrastructure
         Access to electricity 47 53

Total population 34 66

Individuals connected and not connected to internet through their cell phones 
Senegal
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5. Digital Technologies and Welfare: The Case of Senegal16 

 
5.1. Drivers of internet adoption 
 
The first step to understanding the potential effects of DTs on welfare is to unpack the decision of households 
to adopt DTs by identifying the factors and barriers that contribute to this behavior. The likelihood of adoption 
has been associated with the characteristics of individuals, such as income, sex, age, educational attainment, and 
digital skills, and factors such as access to electricity (Armey and Hosman 2016; Birba and Diagne 2012; 
Goldfarb and Prince 2008; Pénard et al. 2012, 2015). A better understanding of these issues can inform the 
discussion of the policies needed to bridge the digital divide. In Sub-Saharan Africa, despite important progress 
in expanding internet access, there is evidence of a wider digital divide relative to the rest of the world (World 
Bank 2019b). Within countries in the region, the gap is even broader, particularly in rural areas. Thus, rural 
households in Africa, which are poorer than urban households on average, appear to face lower rates of internet 
access (Broadband Commission, 2019). 
 
This subsection presents the results of recent research on the adoption of mobile broadband internet in the 
case of Senegal. It draws on the findings of Rodríguez-Castelán, Granguillhome Ochoa et al. (2021). 
 
The analysis of the determinants of internet adoption among households in Senegal is based on a nationally 
representative household expenditure survey. Specifically, the study exploits data from the 2018-19 EHCVM 
household survey. In Senegal, a total of 7,157 households were successfully interviewed in the survey, 
representing 36,754 individuals ages 15 or more. The study analyzes the decision to adopt internet considering 
the various possible mechanisms for accessing the technology, with a primary focus on the adoption of mobile 
internet. This focus is particularly important in African countries, where most people access the internet 
through mobile phones rather than through fixed broadband internet (ITU 2020). The analysis of mobile 
broadband internet adoption examines individuals who accessed the internet through mobile telephone devices 
in Senegal in 2018, when the rate was 34.2 percent. 
 
The analysis is based on a probabilistic model—the most robust method to measure technological adoption 
according to the literature—that closely follows the method of Goldfarb and Prince (2008). Many other studies 
have investigated the adoption and use of technology as a two-stage probabilistic model (Grazzi and Vergara 
2014; Kongaut and Bohlin 2016; Martínez-Domínguez and Mora-Rivera 2020; Nishijima, Ivanauskas, and Sarti 
2017). Here, adoption is modeled as a two-stage process through the implementation of a Heckman corrected 
probit model to account for selection bias. The study merges 3G coverage maps and data of the 2018-19 
EHCVM household survey for Senegal. Coverage data are obtained directly from Collins Bartholomew (a digital 
mapping provider) and the three major mobile operators in Senegal: Expresso, Orange (or its local subsidiary 
Sonatel), and Tigo.17 A fundamental relationship is assumed between households that are covered by 3G (first 
stage) and households that decide to adopt mobile internet (second stage). In addition to a welfare metric 
(household consumption), the analysis incorporates a human capital dimension (education, employment sector, 
language), access to various internet modalities, access to electricity and household assets (computer, television, 
and table ownership) as well as the price of mobile broadband data. To circumvent the absence of granular data 

 
16 This section draws on original research and the results and analyses of Enamorado et al. (2020); Masaki, Granguillhome Ochoa, and 
Rodríguez-Castelán (2020); and Rodríguez-Castelán, Granguillhome Ochoa et al. (2021). 
17 For the maps, see Map Data Products (database), Collins Bartholomew, HarperCollins Publishers, Glasgow, 
https://www.collinsbartholomew.com/map-data-products/. 
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on prices, the analysis derives a mobile data price proxy based on prepaid mobile phone cards and transfers. 
The analysis controls for selection bias by truncating the sample conditional on households with 3G coverage.   

The results derived from the model show that household consumption and the price of mobile data are among 
the main drivers of mobile broadband internet adoption. Other important factors of adoption include 
demographic characteristics (individuals’ age, sex, urban residence, language), socioeconomic ones (tertiary 
educational attainment, employment sector), and other variables related to policy (television ownership, access 
to electricity) (figure 5).18 All the results presented are significant at the 0.01 level, except where indicated 
otherwise.  
 
In terms of consumption, increasing per capita expenditure by CFAF 40,000 (about US$72)19 per month is 
associated with an increase in the probability of adoption of 9.3 percentage points, on average.20 Age follows a 
concave function, where individuals in the 25–40 age-group are the most likely to have access to mobile 
broadband internet (by 21 percentage points), followed by individuals ages less than 25 (by 15 percentage 
points), compared with the reference group, i.e. individuals ages more than 40. Individuals with tertiary 
educational attainment or more are more likely to adopt mobile broadband internet (by 16 percentage points), 
compared to people with less than primary education. Language appears to matter. Individuals who can read 
and write in French are 13 percentage points more likely to access the internet through mobile phones than 
those who cannot. Access to the internet at work is also an important complementary factor, increasing the 
probability of mobile broadband internet adoption by individuals by 19 percentage points. Access to the 
internet at home also has a complementary association to the adoption of mobile internet. However, access 
through a cybercafe is a direct substitute, as evidenced by the negative coefficient. The results also show that 
working in the service and industry sectors is associated with an increase in the likelihood of mobile broadband 
internet adoption (by 8 and 9 percentage points, respectively). 
 
Figure 5. Determinants of Mobile Internet Adoption in Senegal, Average Marginal Effects, 2018-19  

  
Source: Rodríguez-Castelán, Granguillhome Ochoa et al. 2021. 
Note: Point estimates with 95 percent confidence intervals from a Heckman corrected probit model. Average marginal effects. Marginal effects 
for log per capita expenditure, price and household size are calculated based on a one unit increase in standard deviation, equivalent, respectively, 
to CFAF 40,000 (US$72) per capita per month, CFAF 1,100 (US$2) per month and about six household members. The binary dependent variable 
is mobile internet access, which refers to individuals who access the internet through their mobile telephone devices. Price is obtained by 
calculating the median expenditure of prepaid mobile phone cards and airtime/data transfers among mobile internet users in each country’s 

 
18 The interpretation of the model is based on average marginal effects. The results presented here differ slightly from the estimates 
reported in World Bank (2020) because the model now controls for 3G coverage by implementing a Heckman corrected probit model 
(though the parsimonious model yields similar results) and incorporates the price proxy derived from individual level expenditure on 
prepaid mobile phone cards and airtime/data transfers. 
19 Based on an exchange rate of US$1.00 = CFAF 555.45 in 2018. International Financial Statistics (database), International Monetary 
Fund, Washington, DC, https://data.imf.org/?sk=4c514d48-b6ba-49ed-8ab9-52b0c1a0179b. 
20 For (log) per capita expenditure, price and household size, marginal effects are calculated based on a one unit increase in the standard 
deviation. These effects should be interpreted with caution as there are instances (primarily where there is a low degree of variability in 
the control variable), where the coefficient loses significance when calculating average marginal effects.  
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geographic area at which the survey is representative. This value is then computed as a share of total consumption at the same geographic level 
to adjust for cost of living. This value is then imputed to each individual observed in the microdata. The baseline dummy for location refers to 
rural areas. The age baseline dummy is 41+ years. The base variable across education categories is individuals with less than primary education. 
Secondary education is defined as individuals with less than tertiary but more than primary education. Tertiary is defined as individuals with 
tertiary education or more. The base category for read/write French refers to national languages, other languages, and those that cannot read and 
write. Age of cell phone is the median value of time that the household has owned the device at the enumeration area level. The base variable 
across labor market sectors refers to inactive and unemployed. The agriculture sector includes jobs in crops, fisheries and animal breeding. The 
industry sector includes extractive and other industries, and public works/construction jobs. The services sector includes commerce, 
restaurants/hotels, transportation, communication, education, health, other and personal services jobs. Per capita expenditure, household size, 
access to electricity, owning a computer, tablet and television are household-level variables. All results are statistically significant, with the exception 
of primary and secondary education, individuals employed in the agricultural sector, median age of cellphone, those with access to the internet at 
school or university, and for households that own a tablet or computer.     

 
Important barriers to adoption persist, including in terms of the price of mobile data, sex, location, and access 
to electricity. A decline of CFAF 1,100 (about US$2) in the price of mobile internet21 is associated with a 2 
percentage point increase in the probability of adoption, stressing the importance of service affordability. 
Relative to men, women experience a 6 percentage point drop-off in the likelihood of adoption. This gender 
gap, despite the significant availability of infrastructure, underlines the existence of barriers that may limit 
adoption by women and other vulnerable groups. Urban residence is associated with an increase in mobile 
internet adoption of 4 percentage points, reflecting the existence of a rural-urban divide. Households with 
access to electricity are 6 percentage points more likely to adopt mobile internet. This highlights the limitation 
that the lack of electricity represents among households and the need to include access to electricity among 
policies aimed at encouraging internet adoption. In terms of household assets, owning a television set is 
associated with an increase of 9 percentage points in the probability of adoption.    
 
5.2. The distributional effects of enhanced competition in the telecom sector: A 
microsimulation analysis 
 
Rising competition in digital infrastructure may have measurable impacts on welfare. For instance, a higher 
number of mobile operators and a reduction in the market power of broadband monopolies may lead to lower 
prices for services and the encouragement of new entrants into the market (Decoster et al. 2019; Rodríguez-
Castelán et al. 2019; Rodríguez-Castelán, Araar, et al. 2021). Conversely, the absence of competition across DT 
markets may limit accessibility, affordability, and the quality of services, while hindering private sector 
investment and innovation. The Senegalese telecommunication market is often considered to have limited 
competition, leading to low quality and high prices in services (World Bank 2018b). Against this backdrop, the 
government has been implementing a series of reforms since 2008 to lower the barriers to entry faced by new 
internet service providers and wholesale infrastructure operators. This subsection presents the results of an 
exercise simulating the welfare effects of a rise in competition in the mobile internet market in Senegal. It shows 
that expanded competition, through associated lower prices of services would likely lead to a reduction in the 
poverty rate. All households benefit from the greater competition, with the richest quintiles benefitting relatively 
more from the price reductions given their larger expenditures and coverage. Once the effect of competition 
in attracting new users is considered, one finds that the poorer quintiles benefit relatively more from a rise in 
the number of new entrants and the lower prices paid by users. 
 
Using the Welfare and Competition Tool (WELCOM) developed by the World Bank, the exercise described 
here simulates the distributional effects of a rise in competition in the mobile broadband internet market in 
Senegal.22 Market concentration and the high prices for services in this sector affect all households. The poor 

 
21 Equivalent to one standard deviation of the mobile data price proxy. 
22 The WELCOM simulation tool was developed by the Poverty and Equity Global Practice at the World Bank (see Rodríguez-Castelán 
et al. 2019). The most recent wave of the 2018-19 EHCVM survey does not cover expenditure on mobile internet. There appear to be 
 



16 
 

spend 1.0 percent of their total expenditure on mobile internet services, while the corresponding expenditure 
among the richest quintile is 4.0 percent (figure 6). The simulation relies on the assumption that the mobile 
internet market behaves as an oligopoly. For the purposes of this exercise, competition is assumed to increase 
from three to seven firms in the mobile internet market, and the price elasticity of demand is assumed at −1.5.23 
The relevant data have been obtained from the 2018-19 EHCVM survey. 
 
Figure 6. Average Expenditure Share of 3G 
Services, 2018-19 

Figure 7. Change in Poverty Rates Associated 
with Mobile Internet Firms’ Entrance, 2018-19 

  
Source: World Bank elaboration based on data of the EHCVM 2018/2019 survey. 
Note: The simulation assumes that the mobile broadband market behaves as an oligopoly. The simulation scenario assumes increasing 
competition from three to seven firms and a price elasticity of demand of −1.5, resulting in a 31 percent price reduction. Mobile 
internet adoption and expenditure are considered for individuals 15 years and older. 
 

The simulation results show that a rise in competition could generate a lower-bound impact on poverty 
reduction of 0.67 percentage points over the medium term (figure 7). This would mean lifting about 106,000 
people above the poverty line. Estimates suggest a poverty reduction of 0.85 percentage points in the long run. 
The mechanism behind this effect is that increased competition would lead to lower prices, specifically, a 31 
percent reduction. Because more households are able to consume mobile internet services at lower prices, their 
purchasing power rises, leading to welfare gains.  
 
All quintiles would benefit from greater competition in mobile internet, particularly the top quintile because 
the larger disposable income resulting from the price reduction would allow individuals to spend more on 
mobile internet. This is reflected in figure 8, which shows that the higher the quintile, the higher the expenditure 
increase across household budgets and that the richest quintile perceives the largest relative welfare increase.24 
The large relative welfare incidence in the top quintile is also explained by the high level of 3G coverage among 
this quintile, at 98 percent, compared with 86 percent among the poorest quintile. (The lower coverage across 
the latter reduces the margin of adoption and the welfare impact among the poorest households.) Considering 
current users alone and not taking into account the new users resulting from the price reduction, one finds that 
greater competition would induce a relative welfare gain of 1.74 percent. 
 

 
no other indicators available at a granular level to measure expenditures on mobile internet. To incorporate the role of prices into the 
analysis, the study thus created a proxy that identifies individuals with positive expenditures on prepaid mobile phone cards and 
airtime/data transfers, who reported accessing the internet through mobile phones. This proxy can be considered as an upper bound 
of potential mobile internet users, whereby all users who report to access the internet through their mobile phones (and have positive 
expenditures on mobile services) are assumed to own (or have access to) smartphones that enable them to access the internet. 
23 No price elasticity of demand specific to the Senegal mobile services market is available. The estimate here should be viewed with 
caution because it was calculated in 2005 and corresponds to values obtained for a pool of developing countries (Waverman 2005). 
However, given the scant empirical evidence on price elasticities of demand for mobile services in developing countries, particularly in 
Sub-Saharan Africa, using this estimate appears to be a reasonable solution. 
24 Relative welfare represents the per capita monetary incidence of the welfare impacts, divided by total per capita expenditure. 
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Figure 8. Relative Effect on Households 
Budget Associated with Higher Competition 
in 3G Services (current users), 2018-19* 

Figure 9. Relative Effect on Households Budget & 
Welfare Monetary Incidence Associated with 
Higher Competition in 3G Services (all users), 
2018-19** 

 

 
Source: Simulations based on data of the EHCVM 2018/2019 survey. 
Note: The simulations rely on the assumption that the mobile broadband market behaves as an oligopoly. They assume growing 
competition from three to seven firms and a price elasticity of demand of −1.5, resulting in a 31 percent price reduction. 
* Based on current users among individuals above 15 years of age by expenditure quintile. 
** Based on all users (current + new users) above 15 years of age by expenditure quintile. 

 
Welfare gains from increased competition could also be significant because of the additional technology 
adoption by new users who were previously priced out. Using the simulated change in prices resulting from 
heightened competition, the analysis estimates the uptake among users and calculates the expected change in 
monetary welfare. The estimates suggest that a 31 percent decline in prices because of greater competition 
would generate a 2.9 percentage point increase in the number of users, where the third and fourth quintiles 
account for the largest relative increase in adoption, benefitting middle-income households relatively more 
(figure 9). This change represents 258,000 new entrants in the market, increasing the total coverage of mobile 
internet from 28.4 percent to 31.3 percent of the population above 15 years of age.25 The new market entrants 
would be associated with a relative welfare increase of 0.05 percent in average per capita household expenditure, 
resulting in a 1.79 percent total relative welfare gain. Comparing the effect between ‘old’ and ‘new’ users, it 
emerges that the welfare effect is mainly driven by the lower prices paid by current users living close to the 
poverty line. Between 200,000 and 300,000 existing users located around the poverty line would experience a 
rise in welfare, while the same would be true for 30,000 new users located around the poverty line. If the welfare 
impact is calculated among the new entrants only, it is still of a considerable magnitude (a 2.8 percent increase 
in total household per capita expenditure among the poorest quintile and a 1.8 percent increase among the 
richest quintile). The combined welfare effect of competition on both current and new users would induce a 
total poverty reduction of 0.72 percentage points in the medium term. 
 
5.3. The welfare effects of internet access26 
 
Once households have decided to adopt DTs, the next step in the analysis is to untangle the impact of DTs on 
welfare. There is little evidence on the effects of mobile broadband on households and individuals, although 
mobile broadband is the main pathway for internet access among many people in developing countries. Two 
recent exceptions help put this component of the analysis in context. Bahia et al. (2020) show that the rollout 

 
25 The 28.4 percent coverage serves as the baseline adoption threshold for this simulation as it considers individuals who reported 
accessing the internet through their mobile phones and who had positive expenditures in mobile services. This figure differs from the 
34.2 percent coverage mentioned in previous sections of the document, which does not consider expenditures. 
26 This subsection draws on the findings of Masaki, Granguillhome Ochoa, and Rodríguez-Castelán (2020). 
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of mobile broadband internet in Nigeria has boosted household consumption by 6.0 percent and reduced 
extreme poverty by 4.3 percentage points after one year of coverage and that the corresponding figures were 
9.0 percent and 6.8 percentage points, respectively, after three years of coverage. Using data from 14 rural and 
geographically isolated areas in the Philippines between 2016 and 2018, Blumenstock et al. (2020) find that the 
introduction of a new phone tower led to a 17 percent rise in household income and a 10 percent expansion in 
household expenditures.  
 
This subsection outlines the results of an examination of internet access and household welfare in Senegal. To 
explore the correlation of internet access with poverty and household consumption, the analysis merges 
household survey data and mobile and fixed broadband internet coverage information. The data are derived 
from an experimental light survey in 2017–18 within the framework of poverty monitoring in Senegal (the 
Enquête légère expérimentale de la pauvreté au Sénégal, ELEPS) and 2017 mobile internet infrastructure maps. The 
analysis matches the location of households based on GPS coordinates of enumeration areas with data on the 
location of fiber optic transmission nodes and 2G/3G mobile coverage maps.27 As in the analysis on DT 
adoption, the coverage data are derived from the mapping provider Collins Bartholomew and the three main 
telephone communication providers in Senegal: Expresso, Orange (Sonatel), and Tigo. The study investigates 
how the proximity to and coverage of fixed and mobile broadband infrastructure affected household 
consumption and poverty between 2011 and 2017–18. It is one of the first studies to measure the effects of 
both mobile broadband and fixed broadband infrastructure on household welfare. The focus on mobile 
broadband is key because most people access the internet through mobile phones in Senegal (ARTP 2018). The 
study is the first to use rich data from the household consumption surveys in Senegal to measure the welfare 
implications of various types of technology: mobile phones, fixed internet, and mobile broadband internet. 
 
Mobile broadband internet coverage in Senegal is associated with higher household consumption and lower 
poverty rates, as suggested by the study results.28 The findings showcase the potential benefits of access to 
mobile broadband internet in raising consumption and reducing poverty. Specifically, the estimates show that 
3G coverage is linked to a 14 percent expansion in total consumption, a 26 percent increase in nonfood 
consumption, and a 10 percent decline in extreme poverty (figure 10).29 A subsample analysis reveals differences 
in the magnitude of the effects of mobile broadband internet across groups. Thus, while the welfare impacts of 
3G coverage is evident in both urban and rural areas, the magnitude of the impacts is larger in urban areas and 
among the young and man-headed households. 
 
 
 
 
 
 

 
27 Internet traffic within countries typically runs first through national backbone or fiber optic networks, which are then connected to 
end users through last-mile infrastructure, such as fiber cables, copper cables, wireless transmission, or cell phone towers (for a detailed 
discussion, see Hjort and Poulsen 2019). Data on terrestrial backbone networks have been obtained from Africa Bandwidth Maps 
(database), Hamilton Research, Bath, UK, http://www.africabandwidthmaps.com. 
28 The results are robust after controlling for household demographics and other spatial characteristics (for example, region fixed effects, 
road density, nighttime lights, or elevation) and for access to complementary digital infrastructure, such as 2G coverage or fixed 
broadband internet. The results are also robust to an instrumental variable approach based on the distance to 3G coverage in neighboring 
areas as an instrument. 
29 These point estimates are based on regression analyses weighted by sampling weights to account for potential bias deriving from the 
sampling in the 2017–18 light poverty monitoring survey (ELEPS). According to the unweighted regressions, 3G coverage is associated 
with an 18 percent rise in total consumption and a 7 percent reduction in the extreme poverty rate. The results are consistent with the 
findings of similar research in Nigeria that integrates household panel data and historical coverage maps and in the Philippines (Bahia 
et al. 2020; Blumenstock et al. 2020). 
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Figure 10.  Impacts of 3G Coverage on Consumption and Poverty, Senegal, 2017-2018 

 
Source: Masaki, Granguillhome Ochoa, and Rodríguez-Castelán 2020. 
Note: The regression includes year fixed effects. Additional controls include (1) controls at the household-level, including size, marital 
status, literacy, and sex of household heads, household access to electricity, and housing conditions (measured through a composite 
index of dwelling characteristics); (2) spatial controls such as elevation, nighttime light luminosity, and road density; and (3) urban, 
rural, and region dummy variables. The point estimates are at 5 percent confidence intervals. Standard errors are clustered by 
enumeration area. 

 
The analysis finds evidence that a labor market mechanism may be a means for translating mobile broadband 
internet access into welfare improvements in Senegal. The expansion of digital infrastructure and access to the 
internet may help reduce the transaction costs involved in finding jobs and productive inputs, improve labor 
productivity, and promote job creation in the ICT sector (World Bank 2016). The effect of mobile broadband 
technologies on wage or salary employment or formal employment is particularly meaningful because a shift 
away from informal self-employment toward more productive salaried or formal employment in private and 
public services is deemed a potential pathway to reducing poverty rates in Africa (World Bank 2016, 2019a). 
The study finds that 3G coverage is positively correlated with wage or salary employment, formal employment, 
and earnings per month.30 These findings are consistent with the conclusions of other authors, such as Bahia 
et al. (2020) and Hjort and Poulsen (2019), who show that access to the internet may translate into increased 
employment in wage or higher-skilled jobs. This draws attention to the potential role of DTs in improving labor 
outcomes, particularly, employment in higher quality jobs. 
 
5.4. Mobile money adoption: Closing the gaps across socioeconomic groups31 
 
The productive use of DTs has the potential to improve livelihoods through various mechanisms. An important 
application of DTs involves expanding financial inclusion through instruments such as mobile money. Mobile 
money has been found to reduce transaction costs, facilitate payments, and promote savings (Aker and Wilson 
2013; Demombynes and Thegeya 2012; Munyegera and Matsumoto 2018). Policies that expand mobile financial 
inclusion may therefore have significant benefits, particularly among underserved individuals. Evidence 
suggests that access to mobile money is associated with increases in consumption and poverty reduction (Suri 

 
30 The effects on wage or salary employment and earnings become insignificant if additional controls are applied, which may suggest 
that these relationships may be influenced by other demographic and geographical factors. 
31 This subsection draws on the results presented as part of the poverty and social impact analysis of the World Bank–WAEMU Financial 
Inclusion Regional Development Policy Operation Project (project P171234). See “WAEMU Financial Inclusion DPO,” World Bank, 
Washington, DC, https://projects.worldbank.org/en/projects-operations/project-detail/P171234?lang=ar. 
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and Jack 2016). This subsection presents the results of an analysis focusing on expanding financial inclusion in 
Senegal and on the potential effects in reducing horizontal inequality in the use of mobile money. 
 
Expanding digital financial services may boost the affordability and availability of financial services among 
traditionally un(der)served populations in three ways: (1) fostering interconnectivity among banks, (2) reducing 
the costs of financial transactions, and (3) adding to the supply of mobile money agents to rural areas. A related 
set of policies is part of a series of reforms currently being promoted by the WAEMU to expand digital financial 
inclusion across the region. While financial inclusion in WAEMU countries has expanded over time, particularly 
in terms of mobile money subscribers, the share of account holders is still relatively low and is concentrated at 
the top of the welfare distribution. In addition, specific population subgroups are facing a disadvantage in the 
access to mobile money accounts, including women, individuals with relatively low educational attainment, 
people who are out of the labor force, rural residents, and the relatively poorer. 
 
The analysis reveals that policies aiming to raise access to mobile money accounts would reduce differences 
across subgroups, including through higher take-up among women and among the bottom 40 percent of the 
income distribution. In addition to narrowing the gap in mobile accounts, expanding the access and use of 
mobile money may affect welfare by increasing savings and the investment in human capital, diversifying 
economic activities, and enhancing risk management. Mobile money adoption may facilitate transactions of 
transfers, both remittances and public transfers. All of this may lead to a rise in per capita consumption over 
the long term and, potentially, a reduction in the incidence of extreme poverty and food insecurity. 
 
The results of the simulation exercise show that a doubling of the 2020 share of mobile money users in Senegal 
from 31.8 percent to 63.6 percent, according to the goals of the WAEMU reforms, would have the following 
welfare implications. It would raise account ownership among women from 29 percent to 57 percent (figure 
11), induce a growth in account access among rural residents from 27 percent to 62 percent, and reduce the 
mobile money gap between the top and bottom quintiles by 5.1 percentage points. Improved access, in turn, 
may potentially increase the use of mobile accounts to send and receive payments and private transfers. Indeed, 
the simulation results predict a rise in the share of remittances (of those potential receivers) by 70 percent and 
a doubling in private payments related to labor, such as wages and payments for self-employment and 
agricultural activities. In the long run, greater access to digital financial services may have a positive impact on 
consumption and poverty reduction. 
 
Figure 11. Mobile Money Account Ownership by Sex and Simulation Method, West African Economic 
and Monetary Union Countries, 2017 

 
Source: Data of the Global Findex Database 2017 (Global Financial Inclusion Database), World Bank, Washington, DC, 
https://globalfindex.worldbank.org/. 
Note: The panels show the percentage of the population ages 15 or more in each subgroup. Two methods are employed to simulate the expansion. 
Method 1 uses a probabilistic model of the likelihood of owning a mobile money account, estimated based on the current access to mobile financial 
services in each country. Method 2 predefines new potential users of mobile money services based on the particular conditions faced by individuals and 
then applies a random selection among these candidates to fill the quotas that have been set. The figures reported in the text correspond to the results 
of Method 1. 
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5.5. Digital technologies and the territorial divide32 
 
An important issue to be addressed in comprehensive assessments of the welfare effects of DTs is the 
geographical differentiation of impacts and whether digital infrastructure is a factor of convergence or 
divergence across a country’s territory. The impacts of internet access may be heterogeneous across locations 
because they vary according to local conditions (Forman, Goldfarb, and Greenstein 2018). Research on the 
territorial effects of the internet in the United States has produced evidence against and for regional 
convergence (Forman et al. 2012; Kolko, 2012). The literature on developing countries on this subject is meager 
though there are exceptions (see Jung and López-Bazo 2019). 
 
This subsection presents the results of a recent policy analysis on the welfare effects of DTs at the territorial 
level in Senegal. The analysis investigates the potential benefits and costs of DTs at the local level using spatial 
data. It takes advantage of spatially disaggregated information on poverty, a proxy for economic growth 
(nighttime lights), data on 2G coverage, and fiber optic network maps. It integrates two poverty maps, one on 
2005 and one on 2013, produced following the method described by Elbers, Lanjouw, and Lanjouw (2003), 
with information on access to fixed broadband internet (using the presence of terrestrial transmission nodes as 
a proxy) and 2G coverage maps.33 The study applies regression analysis to evaluate the association between 
digital infrastructure and local economic activity. 
 
The results show that the expansion in ICT coverage is associated with modest improvements in local economic 
activity and poverty reduction (figure 12). A 1.0 percentage point increase in 2G connectivity is associated with 
a 0.06 percentage point decline in the poverty rate. There is also evidence of a positive correlation between 
local economic growth and the expansion in access to mobile phone technology and fixed broadband internet. 
However, these relationships cannot be treated as causal given the data limitations and the sensitivity of the 
results to the method of welfare measurement and to the inclusion of demographic and geographical controls. 
 
Figure 12.  Impact of 2G Coverage on Poverty and Luminosity (Economic Activity), 2005 and 2013 

 
Source: Enamorado et al. 2020. 
Note: Point estimates at 5 percent confidence intervals. The poverty point estimate is the percentage change due to 2G coverage. 
The luminosity point estimate represents the mean value change of the nighttime luminosity scale. OLS regressions for poverty and 
luminosity are performed at the commune level. 

 
32 This subsection draws on the results of the study by Enamorado et al. (2020). 
33 The 2G coverage maps have been obtained from the Collins Bartholomew database, while the database of Africa Bandwidth Maps is 
the source of the maps on fiber optic networks. 
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6. Policy Discussion 

 
Reliable and timely evidence of the potential impact of mobile broadband on welfare is key to the policy 
discussion on DTs. As in other African countries, mobile broadband is the dominant channel through which 
people in Senegal access the internet. This paper highlights the main findings of relevant analyses and original 
research conducted on the country in terms of both what drives and hinders mobile broadband internet 
adoption and the nature of the welfare effects of the adoption. The findings show that household consumption, 
the price of mobile broadband data, individuals’ age, sex, tertiary educational attainment, language, employment 
sector, access to electricity, television ownership, and urban residence are the main factors driving mobile 
internet adoption. Overall, rural areas lag urban areas in adoption, especially because of limited network 
coverage. The findings also show that mobile broadband internet coverage in Senegal is associated with higher 
household consumption and lower poverty rates. At the local level, expansion in ICT coverage is associated 
with modest poverty reduction and greater economic activity. Despite their limitations, the analyses offer 
valuable insights that are relevant to the policy debate on strategies that can help enhance the welfare effects of 
mobile broadband internet access. 
 
None of the benefits of internet access can be realized if the technology is not adopted. Increasing the 
availability of affordable digital infrastructure, particularly in rural areas (including improving electricity 
availability), is key to preventing a widening in the digital divide. Policies geared toward the universal coverage 
of 3G mobile services are consequential to the effort to reach marginalized populations, including women and 
residents of remote rural areas. Government policies that reduce the budget constraints of households, such as 
direct social assistance transfers and the removal of barriers to financial inclusion, can also help enhance the 
access to mobile internet services. Implementing and strengthening reforms to increase competition in service 
provision can help to reduce the price of mobile data services. However, these measures may be insufficient in 
assisting rural and poor households. Policies aimed at encouraging adoption must also be tailored for vulnerable 
groups, including in terms of literacy and other skills. 
 
In addition to the rural-urban area divide, the study has shed light on language and gender gaps in the adoption 
of mobile broadband internet. Specific policy approaches may include the provision of digital literacy training 
and targeted and sustainable initiatives to promote the acquisition of mobile devices and service financing 
schemes particularly among women. Another important policy area is the promotion of local language content. 
The study suggests that individuals who can read and write in French are more likely to access the internet 
through mobile phones. While Wolof is the preferred spoken language in the country, it is not widespread on 
the internet, which may be a barrier to adoption. A language mismatch can discourage ICT usage and may even 
create a misconception about the potential benefits of technology (Grazzi 2009). Future research might focus 
on creating a better understanding of the role of accessible content. Additionally, policy design needs to reflect 
the fact that adoption does not directly translate into productive use. Upcoming research might concentrate on 
the use of mobile internet by households, such as in leisure versus productive applications, for example, in 
seeking jobs.  
 
A competitive, efficient environment is crucial to reaping the welfare benefits of DTs. This paper presents the 
results of an exercise simulating the distributional effects of a rise in competition in the mobile internet market 
in Senegal. The results of the exercise show that expanding the competition among ICT providers leads to a 
significant reduction in service prices, which raises household purchasing power and generates welfare gains. 
The price reductions also boost new market entrants, inducing a further expansion in welfare. Overall, the 
simulation predicts that a rise in competition in the mobile internet market would lead to a reduction in poverty 
in the medium and long run. This highlights the importance of deepening the ongoing reforms in the country 
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to raise competition in mobile broadband services, which can help reduce tariffs, especially among low-income 
users. The findings also stress the role of an appropriate regulatory framework in promoting innovation and 
regulating a country’s approach to digital business models, privacy, and data sharing, all of which contribute to 
shaping the inclusiveness of digital driven growth. 
 
The promotion of financial inclusion, one of the productive applications of DTs, can improve livelihoods. 
Digital financial services, including mobile money, digital payments, and e-commerce, can enhance the delivery 
and affordability of services to populations underserved by traditional financial systems. The results of the 
simulation show that expanding access to mobile money accounts in Senegal can narrow gaps in the use of 
mobile money accounts by income, sex, educational attainment, rural-urban residence, and labor force 
participation, thereby contributing to reducing horizontal inequalities. Furthermore, expanding the use of 
mobile accounts would lead to growth in remittances and private payments. These findings highlight the 
importance of policies and a regulatory framework that foster interconnectivity among banks, reduce 
transaction costs, and grow the supply of mobile money agents in rural areas. Subsequent research can shed 
light on the implications of mobile broadband internet as a cornerstone of private and public platforms in the 
region, including mobile money and e-government applications, which have so far tended to be based mostly 
around 2G rather than 3G technology. 
 

7. Conclusion 
 
Policies that aim to take advantage of DTs to foster the economic transformation of countries have gained 
influence in the development debate. However, the analytical and empirical literature on the effects of DTs, 
especially the internet, on household welfare remains limited, including on the potential policy links. On the 
basis of a simple analytical framework, this paper proposes a set of analyses that can provide a comprehensive 
country assessment of the welfare effects of DTs, with a focus on mobile broadband internet. The assessment 
delivers a wide-ranging perspective on the implications of DTs for individuals and households. First, it looks 
at the factors and barriers that drive the decision of households to adopt the technology. It also considers the 
role of competition among service providers in lowering prices and encouraging new consumers, with positive 
effects on household welfare. This is followed by an analysis of the poverty and distributional effects of the 
adoption of DTs, including across socioeconomic and demographic groups. The assessment also covers 
territorial effects and analyzes the impact of DTs at the local level. The framework thus provides an intuitive 
basis to support policy discussions on across-the-board strategies that can contribute to enhancing the welfare 
effects of DTs. 
 
The assessment is applied to the case of Senegal and focuses largely on mobile broadband internet. The 
country’s position as a rising technology hub represents significant potential for expanding access to DTs, while 
facing the need to minimize the risk of a widening digital divide and ensuring that benefits reach the most 
vulnerable. The results described in this paper point to the existence of an income, rural-urban, and gender 
digital divide. Improving the availability of affordable digital infrastructure, particularly in rural areas, is key to 
reducing the risk of a widening digital divide. Inclusive policies focused on achieving universal coverage of 
mobile broadband internet, supplemented by access to electricity and continued investment in education, can 
help encourage new users. The findings also show that boosting competition in the mobile internet market may 
lead to substantial price reductions, thereby generating increases in purchasing power and the entry of new 
consumers, ultimately leading to household welfare gains. These results highlight the importance of expanding 
ongoing reforms in Senegal to increase competition in the telecommunication market. In addition, the paper 
underlines the concrete gains of mobile broadband internet in household welfare through greater consumption 
and poverty reduction. These findings stress the importance of ensuring that the relatively extensive coverage 
in the country is translated into increased usage. Evidence on the benefits of expanding mobile money to reduce 
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horizontal inequality in account ownership is also useful in supporting related policies, such as raising the 
number of rural mobile money agents or fostering interconnectivity between banks. 
 
The paper offers concrete guidelines for conducting a comprehensive analysis of the effects of DTs among 
households within a country. It represents a case study blueprint that may be replicated in other countries. The 
detailed information provided in the analysis allows calculating an order of magnitude on the costs and benefits 
of expanding DTs that can inform policy decisions. 
 
Several important policy questions linking DTs to household welfare that are not tackled in the assessment 
should be the subject of future analyses. This includes the identification of the relative contribution of various 
factors that explain the impact of DTs on welfare and poverty. Another important issue is understanding how 
education levels and digital skills affect the degree to which individuals can benefit from access to the internet 
and associated DTs. Future analysis could also focus on identifying critical complementary factors that 
maximize the gains deriving from DT adoption. Such research could also shed light on how the use of digital 
platforms, such as mobile money and e-commerce, can impact equity and efficiency. Another important area 
of possible research is the identification of the potential beneficiaries of a rapid rollout of the digitalization of 
government functions, particularly service delivery.     
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Annex 
 

Table A1. Blueprint – Outline of Contents  
Country assessment of welfare effects of DTs on households 

 
Main elements Component description 

  
Digital 
Technology 
Adoption 
(uptake) 

1. Determinants of adoption  
Estimating the main drivers and barriers of DT adoption, with a focus on 
broadband internet, at the individual/household level, based on a 
probabilistic model using household survey data.  
 
Constructing a proxy to incorporate the price of mobile data in the 
analysis, by calculating individual level expenditures on prepaid mobile 
phone cards and airtime/data transfers as a share of the total household 
expenditure in the country’s regions (the most aggregated level at which 
the survey is representative). 

2. Welfare effects of competition in the ICT sector 
Impact on 
Welfare Ex ante simulations to investigate the welfare effect for current and new 

users of increased competition in the telecommunications sector, using the 
WELCOM simulation Tool39 

 
3. Poverty and distributional effects of DTs 

3.1 Welfare effects of DTs on households 
Examining the relationship between DTs and household welfare. The 
typical analysis integrates household budget surveys with data on the 
location of fiber-optic transmission nodes and coverage maps of 3G 
mobile technology.  
 

3.2 Heterogeneous effects  
Subsample analysis on the magnitude of effects across different groups 
 

3.3 Channels of transmission 
Identification of the mechanisms through which access to DTs translates 
into improvements in welfare, such as the role of the labor market, prices 
and non-labor income. 
 

3.4 Inequalities in use of DTs 
Simulations to study the potential effect of an expansion in the use of 
DTs—such as mobile money, and whether it reduces subgroup 
inequalities  

4. Territorial effects of DTs 

Analysis of the geographical impacts of DTs at the local level, using spatial 
data. Identifying whether DTs are a factor of convergence across the 
territory.  

 
39 http://dasp.ecn.ulaval.ca/webwel/welcom.html. 
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Additional areas 
of analysis for 
future research  

• Identification of factors that explain the impact of DTs on welfare and poverty 
(and their relative contribution) 

• Analysis of how education levels and digital skills affect the degree to which 
individuals can benefit from DTs 

• Identification of complementary factors that maximize gains derived from DT 
adoption  

• Impact of the use of digital platforms (such as mobile money and e-
commerce) on equity and efficiency 

• Identification of potential beneficiaries of a rollout of digitalization of 
government functions, particularly service delivery   

 

 
 


