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Introduction 

A new and dynamic digital economy is emerging.1 Through the increasing pervasiveness and 

functionality of information and communications technologies (ICT), wide-ranging socio-

economic changes are occurring. Some of these changes, such as the goods and services 

provided by high-profile companies like Apple, Google and Amazon, are readily observable, 

while others are only beginning to appear as the data-driven economy emerges. Significantly, 

these changes are observable across many socio-economic activities,2 demonstrating the 

transformational nature of investment in ICT.  

This report highlights the transformational impact of ICT in general and broadband in 

particular. It focuses on developments in three areas – healthcare, the environment and 

agriculture – to demonstrate not only the widespread nature of the transformation but also to 

place current debates within Canada about the provision of infrastructure in a wider context. 

Quite simply, if the benefits associated with the digital economy are to be realised, then 

connectivity is required. But for connectivity to occur, operators need to be incentivised to 

invest in the required infrastructure. Evidence from the European Union (EU), where a form 

of mandated access has been widely adopted, highlights quite vividly the need to exercise 

caution when developing and then implementing regulatory regimes. Unless the regulatory 

regime provides operators with the necessary incentives to invest, they will shy away from 

doing so.3 And if operators do not invest in infrastructure, then no one will benefit from the 

digital economy. 

We focus on rural and remote areas, in part because the transformational potential of the 

digital economy in these areas is far-reaching. The digital economy allows those in rural and 

remotes areas to access goods and services that were previously inaccessible. And through the 

collection of data and its analysis, ICT enables those in rural and remote areas to participate in 

the data driven economy that is emerging. Furthermore, ICT allows new products and services 

to be developed and for businesses located in rural areas to access markets that would not 

otherwise be possible. This diversifies rural incomes, creating more sustainable rural 

communities in the process. However, for rural and remote communities to maximise their 

benefits from the digital economy, not only does the necessary infrastructure need to be 

provided but those living and working in these communities have to embrace the digital 

economy and be supported through the provision of training so that they possess those skills 

that are needed.  

 

ICT facilitated healthcare 

The application of ICT to healthcare has attracted considerable attention in the last few years. 

While some of this interest focuses on how apps and devices could be used to collect data to 

                                                      
1 See, for example, Boston Consulting Group (2016, Digitizing Europe – Why northern European frontrunners 

must drive digitalization of the EU economy, available at www.bcg.com); CBI (2018, Ready, set, connect – 

Delivering a roadmap to supercharge the UK’s digital infrastructure, December, available at www.cbi.org.uk); 

or, UNCTAD (2019, Digital economy report – Value creation and capture: implications for developing countries, 

available at unctad.org). 

2 See, for example, Sharafat and Lehr (2017) ICT-centric economic growth, innovation and job creation, ITU, 

Geneva: Switzerland. 

3 Sadowski, Nucciarelli and de Rooji (2009) Provding incentives for private investment in municipal broadband 

networks: Evidence from the Netherlands, Telecommunications Policy, Vol.33 (10/11), pages 582-595. 
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improve and personalise healthcare provision,4 a body of work has emerged that examines how 

current ICT can be adopted and used within the healthcare sector. This work highlights the 

variety of different ways through which this impact can be felt. 

The application of ICT to healthcare can save money. One study of the impact of broadband 

on the sector from New Zealand found that the savings would be significant, amounting to 

NZ$5.9 billion.5 These savings arise from a variety of factors such as reduced costs and 

improved access to medical resources.6 Telemedicine is one way through which access to 

medical resources can be improved. An analysis of the economic impact of telemedicine in 24 

hospitals across four Mid-western states in America found substantial financial benefits – the 

economic benefit across the 24 hospitals varied from between US$20,000 to $1.3 million per 

year, with the average gain being over US$500,00 a year.7 

But there are also other benefits of using ICT within the sector apart from financial ones. 

Broadband can help to tailor healthcare solutions to the specific needs of individual patients,8 

with remotely monitoring patients negating, and perhaps removing altogether, their need to 

visit hospital.9 ICT can also be used to keep patients in their own home; staying in their own 

home rather than being admitted to hospital or admitted to a nursing home not only improves 

their quality of life, but it is also cheaper.10 ICT also offers the possibility of collecting and 

sharing large volumes of data, allowing medical advances and personalisation to occur.11 

Within the United Kingdom, initiatives within the healthcare sector have sought to implement 

ICT to improve efficiency, with technology reducing the amount of time spent on bureaucratic 

tasks while also improving its accuracy.12 At the same time, initiatives have also sought to 

encourage the use of online services by the public where they exist – although members of the 

public could book appointments or obtain repeat prescriptions online, relatively few do so in 

practice.13 

                                                      
4 See, for example, The Royal Society (2016, Digital healthcare: The impact of information and communication 

technologies on health and healthcare, London, UK) or World Economic Forum (2016, Healthcare industry, 

January, World Economic Forum White Paper, available at www.weforum.org). 

5 Alcatel-Lucent (2012) Building the benefits of broadband. How New Zealand can increase the social and 

economic impacts of high-speed broadband, Alcatel-Lucent: Wellington, New Zealand. 

6 Glance, Metcalf, and Nelson (2011) Management of care through computerised protocol-based care plans, 

Communications & Strategies, Number 83, 3rd quarter, pages 59-70. 

7 Whitacre (2011) Estimating the economic impact of telemedicine in a rural community, Agricultural and 

Resource Economics Review, Vol.40 (2), pages 172-183. 

8 European Network for Rural Development (2018) The European agricultural fund for rural development – 

Digital and social innovation in rural services, available at https://enrd.ec.europa.eu 

9 Lluch (2011) Empowering patients through ICT - Organizational impact on healthcare systems in England and 

Scotland, Communications & Strategies, Number 83, 3rd quarter, pages 37-58. 

10 Bowe and McColgan (2006) Smart technology and community care for older people: innovation in West 

Lothian, Age Concern Scotland, Edinburgh, UK; Beale, Sanderson and Kruger (2009) Evaluation of the telecare 

development programme, The Scottish Government, Edinburg, UK. 

11 National Information Board (2014) Personalised health and care 2020 – Using data and technology to 

transform outcomes for patients and citizens. A framework for action, November, available at www.gov.uk 

12 National Information Board (2015) Martha Lane Fox sets out her digital proposals for the NHS, Press Release, 

8 December, available at www.gov.uk 

13 Donnelly (2015) Junior doctors ‘spent up to 70 per cent of time on paperwork’, The Daily Telegraph, 8 

December, available at www.telegraph.co.uk 
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These themes – financial savings, personalisation, innovation and the sharing of medical 

resources – are evident in three literature reviews of the use of ICT in healthcare in rural areas 

that have been undertaken. One of these reviews identifies a series of factors that encourage 

and inhibit the adoption of ICT within healthcare, with geographical isolation and education 

being examples of those factors that encourage adoption and low income and lack of ICT skills 

limiting its adoption.14 The same review goes onto to identify a number of process related 

factors that influence the implementation of ICT – see Exhibit A (below).  

 

Exhibit A: Process factors promoting and restraining e-Health implementation 

 Category Factor 

Promoting Implementation team  Regionally based implementation staff 

 Capable, skilled, motivated implementation staff 

Implementation 

practices 
 Training 

 Implementation strategy to motivate people 

 Quick wins 

 Evaluation and feedback loops both bottom-up and top-down 

Bottom-up strategy  Work with existing local community networks 

 Partnership local residents as partners from an early stage add 

value and know their needs objectives and roles should be 

transparent 

Top-down strategy  Planned diffusion strategy with a need-based product/service 

 When computer resources are left to the marketplace, 

economy factors will dominate 

 Implementation leadership, creating collective learning 

through openness 

 Top-down decision-making through local politicians 

Restraining Insufficient resources  Projects that have no authority or financial means and lack the 

capability to improve vital parts of the implementation process 

Conflict potential  Lack of consensus, decision power, and commitment among 

key stakeholders 

People and 

organisational issues 
 Problems with technical support 

 Logistical problems 

 Regulatory issues 

Source: Hage, Roo, Marjolien, van Offenbeek and Boonstra (22013) Implementation factors 

and their effect on e-health service adoption in rural communities: A systematic literature 

review, BMC Health Services Research, Vol.13, available at www.biomedcentral.com 

 

Although the benefits and challenges of applying ICT to healthcare are, broadly speaking, 

the same in the other two literature reviews, they do add some relevant fresh insights. In the 

review of ICT facilitated mental healthcare provision,15 the authors argued that ICT has rapidly 

evolved unlike the institutional governance mechanisms used within the healthcare sector. As 

                                                      
14 Hage, Roo, Marjolien, van Offenbeek and Boonstra (22013) Implementation factors and their effect on e-health 

service adoption in rural communities: A systematic literature review, BMC Health Services Research, Vol.13, 

available at www.biomedcentral.com 

15 Benavides-Vaello, Strode and Sheeran (2012) Using technology in the delivery of mental health and substance 

abuse treatment in rural communities: A review, Journal of Behavioural Health Services & Research, Vol.40 (1), 

pages 111-120. 

TELUS Communications Inc 
November 13, 2019 Appendix B



Whalley & Gerli 5 

a result, a series of tensions emerge that frustrate and delay the adoption of ICT within the 

healthcare sector. The other review, which focuses on ascertaining the international 

experiences of digital health in rural areas, notes that “where digital health has been applied 

successfully, patient surveys reveal high levels of satisfaction in different rural contexts”.16 Of 

course, for these benefits to occur then the necessary telecommunications infrastructure needs 

to be available, and this requires operators to be sufficiently incentivised to engage in network 

investment. 

 

The environmental benefits of broadband 

The environmental impact of broadband has, over the course of the last decade or so, attracted 

considerable attention. The positive impact of broadband on the environment is multi-faceted, 

undoubtingly reflecting the general-purpose nature of the technology.17 Broadband can make 

a positive contribution to the environment through, for example: 

 Enabling tele-commuting18  

 Encouraging e-commerce so that electronic rather than physical goods and services are 

consumed19  

 The use of video conferencing20 

 Facilitating the switch to and adoption of cloud computing21 

 Reduced energy consumption and improved network management22  

Tele-commuting, which is sometimes referred to as ‘home work’, is probably the most cited 

way through which broadband makes a positive environmental contribution. Through 

individuals working at home, fewer journeys to work are made and firms may reduce their 

                                                      
16 Peck, Jackson and Marshall (2015: 6) Digital health and its application in rural areas: A review of international 

experience, available at http://insight.cumbria.ac.uk 

17 A ‘general purpose technology’, such as broadband or mobile phones, supports the development of socio-

economic activities in other parts of the economy. For a discussion of ‘general purpose technology’ see, for 

example, Bresnanhan and Trajtenberg (1995, General purpose technologies: Engines of growth? Journal of 

Econometrics, Vol.65 (1), pages 83-105). 

18 Godlovitch, Plueckebaum, Martins, Gantumur, Elixmann, Tas, Arnold and Wernick (2018) The benefits of 

ultrafast broadband deployment, February, available at www.wik.org; Regeneris (2018) The economic impact of 

full fibre infrastructure in 100 UK towns and cities, March, available at www.regeneris.co.uk; SQW (2013) UK 

broadband impact study – literature review, February, available at www.gov.uk; and, Yankee Group and 

American Council for an Energy-Efficient Economy (2012) Measuring the energy reduction impact of selected 

broadband-enabled activities within households, June, available at www.gesi.org 

19 Ericsson (2013) Analysing the effect of broadband on GDP, available at www.ericsson.com; Deloitte Access 

Economics (2013) Benefits of high-speed broadband for Australian households, available at www2.deloitte.com; 

Regeneris (2018) The economic impact of full fibre infrastructure in 100 UK towns and cities, March, available 

at www.regeneris.co.uk; and, Yankee Group and American Council for an Energy-Efficient Economy (2012) 

Measuring the energy reduction impact of selected broadband-enabled activities within households, June, 

available at www.gesi.org 

20 Ericsson (2013) Analysing the effect of broadband on GDP, available at www.ericsson.com 

21 Regeneris (2018) The economic impact of full fibre infrastructure in 100 UK towns and cities, March, available 

at www.regeneris.co.uk; Superfast Cornwall (2013) Superfast Cornwall research into the impacts of superfast 

broadband, November, available at www.superfastcornwall.org; and, SQW (2013) UK broadband impact study 

– impact report, November, available at www.gov.uk 

22 Ericsson (2013) Analysing the effect of broadband on GDP, available at www.ericsson.com 
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environmental impact by building smaller premises.23 The savings can be significant – in the 

UK, for example, one study suggested that tele-commuting, underpinned by faster broadband, 

would reduce the distance travelled by commuters by 2.3 billion kms by 2024.24 Furthermore, 

tele-commuting saves time: faster broadband, it is argued, will save around 60 million hours 

of leisure time by 2024 in the UK.25 In their discussion of their proposed full-fibre network 

BT, the UK’s incumbent fixed operator, suggests that this network would result in an additional 

400,000 individuals not commuting.26 This would, it was stated, contribute to reversing the 

long-standing phenomenon of individuals moving to urban areas to find employment. Another 

study, this time from Canada, has found that the savings from tele-commuting can be 

financially quite significant.27 Drawing on the experience of tele-commuters in Southwestern 

Ontario, this research found that the time saved per day across their sample was over two hours 

and that the financial benefits varied, depending on the circumstances of the individual and 

frequency of tele-commuting, from between CAD$8,820 to CAD$28,872 per year.28 

Tele-commuting, through a combination of less driving, reduced office construction and 

lower energy use by businesses, has the potential to reduce greenhouse gases. One study from 

the United States found that over a 10-year period, tele-commuting could reduce greenhouse 

gases by 600 million tons.29 A more recent study, which compares energy savings from ICT 

related activities between the United States and the five largest EU Member States (‘EU5’), 

also highlighted the significant environmental role that tele-commuting can play. As Exhibit B 

(below) shows, for both the EU5 and the United States around 85% of the savings are 

attributable to tele-commuting.  

 

Exhibit B: Typical energy savings for eight ICT-related activities in the EU5 and US (in 

million barrels of oil equivalent) 

Region Online 

news 

Music 

streaming 

Online 

banking 

Tele-

commuting 

Online 

shopping 

Online 

education 

Digital 

photos 

Email Total 

EU5* 0.2 2.1 5.1 102.0 5.2 1.1 5.2 1.8 122.9 

US 0.2 1.8 7.8 214.6 8.6 2.0 11.3 3.4 249.7 

* EU5 = France, Germany, Italy, Spain and the United Kingdom 

Source: Laitner, Partridge and Vittore (2012) Measuring the energy reduction impact of 

selected broadband-enabled activities within households, June, Yankee Group and American 

Council for an Energy-Efficient Economy, available at www.gesi.org 

                                                      
23 Fuhr and Pociask (2011) Broadband and telecommuting: Helping the US environment and the economy, Low 

Carbon Economy, Vol.2 (1), pp. 41-47 and Godlovitch, Plueckebaum, Martins, Gantumur, Elixmann, Tas, Arnold 

and Wernick (2018) The benefits of ultrafast broadband deployment, February, available at www.wik.org 

24 SQW (2013) UK broadband impact study – impact report, November, available at www.gov.uk 

25 SQW (2013) UK broadband impact study – impact report, November, available at www.gov.uk 

26 BT (2019) The blueprint for a full fibre future, October, available at www.btplc.com 

27 Hambly and Lee (2019) The rural telecommuter surplus in Southwestern Ontario, Canada, Journal of Rural 

Studies, Vol.43, pages 278-286. 

28 The lower level of financial savings are for those who tele-commute two days a week, while the higher amount 

if for those tele-commuting five days a week (Hambly and Lee, 2019, The rural telecommuter surplus in 

Southwestern Ontario, Canada, Journal of Rural Studies, Vol.43, page 284. 

29 Fuhr and Pociask (2011) Broadband and telecommuting: Helping the US environment and the economy, Low 

Carbon Economy, Vol.2 (1), pp. 41-47. 
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The use of cloud computing is another source of environmental benefits,30 with documents 

being shared electronically and not physically. It has been estimated for the UK that the use of 

cloud computing will by 2024 avoid around 1 billion kWh of electricity consumption and save 

0.24 million tonnes of CO2.
31 There are also environmental benefits from sharing films online, 

with research from Sweden suggesting that faster connections increase the environmental 

benefits achieved.32 

In addition to the growth of e-commerce, which replaces physical goods and services with 

electronic equivalents, environmental benefits also occur through the emergence of ‘smart’ 

solutions.33 The potential for smart solutions is broad and substantial, ranging from reducing 

emissions associated with transportation to improving the energy efficiency of buildings.34 

Furthermore, ‘smart meters’ and ‘smart grids’ can change the way in which energy is both 

generated and consumed, improving efficiency and reducing consumption on the one hand and 

facilitating the growth of renewables in the energy mix on the other.35  

One interesting aspect of the debate regarding the positive environmental impact of ICT is 

how this differs depending on the specific technology being used. Power consumption differs 

between technologies.36 While improvements are expected to occur across all access 

technologies, wired technologies will consume less power than wireless.37 Adopting an ‘all 

FTTH/B’ approach to infrastructure deployment, it has been argued, will substantially reduce 

greenhouse gas emissions across the EU – under this scenario, greenhouse gases will fall 88% 

per Gigabit compared to a mix of cable and copper.38 Another report states that the adoption of 

a full fibre connection will save 330 tonnes of carbon per person over a 15-year period.39 When 

this figure is applied over 100 towns and cities in the UK, an estimated 2.3 tonnes of CO2 will 

be saved over the course of 15 years.  

                                                      
30 SQW (2013) UK broadband impact study – impact report, November, available at www.gov.uk 

31 SQW (2013) UK broadband impact study – impact report, November, available at www.gov.uk 

32 Hochschorner, Dán and Moberg (2015) Carbon footprint of movie distribution via the Internet: A Swedish case 

study, Journal of Cleaner Production, Vol.87, pp. 197-207.  

33 Ericsson (2013) Analysing the effect of broadband on GDP, available at www.ericsson.com; SQW (2013) UK 

broadband impact study – impact report, November, available at www.gov.uk; and, UNESCO and ITU (2012) A 

review of the environmental sustainability in national broadband policies – Global overview and case studies on 

Australia and Rwanda, September, available at www.broadbandcommission.org 

34 For an overview of the supporting role that ‘smart’ solutions can play, in reducing greenhouse gases as well as 

achieving the Millennium Development Goals see, for example, UNESCO and ITU (2012) A review of the 

environmental sustainability in national broadband policies – Global overview and case studies on Australia and 

Rwanda, September, available at www.broadbandcommission.org 

35 Department for Business, Energy & Industrial Strategy (2018) Smart meters – Unlocking the future, December, 

available at www.gov.uk 

36 For more details see, for example, SQW (2013) UK broadband impact study – literature review, February, 

available at www.gov.uk 

37 SQW (2013) UK broadband impact study – literature review, February, available at www.gov.uk 

38 Godlovitch, Plueckebaum, Martins, Gantumur, Elixmann, Tas, Arnold and Wernick (2018) The benefits of 

ultrafast broadband deployment, February, available at www.wik.org 

39 Regeneris (2018) The economic impact of full fibre infrastructure in 100 UK towns and cities, March, available 

at www.regeneris.co.uk 
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It is, however, necessary to note that the relationship between ICT and the environment is 

complex.40 The use of ICT, broadband included, may reduce greenhouse gas emissions but the 

manufacture and use of ICT is not without their own impact on the environment. While the use 

of cloud computing, for example, may encourage the switch from physical to electronic 

consumption, ways of working etc., the data centres that provide these services have an 

environmental impact – not only does the construction of data centres involve a lot of cement, 

but their operation is energy intensive as well. Thus, while cloud computing will have a positive 

impact on the environment, this will be (partly) compensated for by their building, maintenance 

and operation.  

This is an example of the so-called ‘rebound effect’, where improved efficiencies at the 

product or service level do not necessarily result in economy wide improvements.41 While this 

undoubtedly complicates policy making, it also underlines its importance as well. Not only will 

these policies reflect the broad scope of where ICT can make a positive contribution to 

addressing environmental concerns, but it may take time before their contribution can be felt.42  

 

The benefits of broadband in rural areas 

It is frequently argued that broadband provision in rural areas will have a positive impact. 

Through the provision of broadband, and coupled with the use of other technologies, the 

agricultural sector will be able to raise their yields, increase revenues and productivity, and 

reduce their environmental impact.43 As research has found that when farmers in the United 

States are provided with the option of broadband they opt to use,44 it is perhaps unsurprising 

that there have been numerous calls to improve broadband availability and adoption in rural 

areas.45 

In addition to supporting the agricultural sector, broadband can also contribute to a range 

of other rural socio-economic activities.46 Broadband can support the development of economic 

                                                      
40 See, for example, Teppayayon, Bohlin and Forge (2009, Will broadband networks make the world greener? 

Communications & Strategies, Vol.76 (4), pages 19-38) who identify five different categories of the impact of 

ICT on sustainability.  

41 OECD (2010) Greener and smarter – ICTs, the environment and climate change, September, OECD Green 

Growth Papers 2010-01, available at www.oecd-ilibrary.org 

42 Writing a decade ago, Middleton (2009, Can broadband support environmental sustainability – An exploration 

of claims at the household level, Telecommunications Journal of Australia, Vol.59 (1) noted that “as advances in 

networking increase affordability, and as individuals become more confident users, many gains will be made…”. 

In other words, it will take time before the environmental impact of broadband is felt.  

43 National Farmers Union (2017) Spotlight on farm broadband and mobile networks, July, available at 

www.nfuonline.com 

44 Stenberg, Morehart, Vogel, Cromartie, Breneman and Brown (2009) Broadband Internet’s value for rural 

America, August, Economic Research Report Number 78, United States Department of Agriculture, Washington 

DC. 

45 See, for example, CLA (2012, Broadband fit for rural growth, available at www.cla.org.uk), National Farmers 

Union (2017, Spotlight on farm broadband and mobile networks, July, available at www.nfuonline.com) or United 

States Department Agriculture (2019, A case for rural broadband: Insights on rural broadband infrastructure 

and next generation precision agriculture technologies, April, available at www.usda.gov). 

46 For an illustration of the wide-ranging impact that ICT can have in rural and remote areas see, for example 

European Network for Rural Development (2018, The European agricultural fund for rural development – Digital 

and social innovation in rural services, available at https://enrd.ec.europa.eu) or Stenberg, Morehart, Vogel, 

TELUS Communications Inc 
November 13, 2019 Appendix B



Whalley & Gerli 9 

activities in rural areas, creating new and potentially lucrative opportunities.47 Recent research 

has demonstrated how the provision of broadband allows the creative industries to establish 

themselves in rural areas,48 overcoming the challenges associated with remoteness and 

positively contributing to the sustainability of rural communities.49 Broadband is, as described 

by some, the “great equaliser”50 – businesses located in rural and remote areas are able to access 

distant markets, geographically widening where they buy from and sell to. This supports the 

diversification of the revenues of small rural businesses.51  

The availability of broadband can influence where new firms in rural areas decide to locate. 

Examining the location of new firm creation in the United States, research has found that those 

rural areas close to urban areas where broadband is available have a higher incidence of new 

firm formation.52 Moreover, the same research suggests, albeit with a degree of caution, that 

the presence of broadband raises profitability. Other research, which looks at the availability 

of broadband in Italy, has observed a difference in the impact based on speed.53 The availability 

of ADSL2+ has an impact on firm revenue and profitability, this is not the case when it comes 

to employment – in other words, ADSL2+ broadband enables firms to improve their business 

without having to recruit more employees. Of course, if firms are going to enjoy these benefits 

then not only must the necessary investment have occurred so that network infrastructure is 

available, but they also need to have adopted it as well.  

A variety of initiatives have been undertaken to encourage the adoption of broadband by 

firms, with some resulting in significant changes within the firm.54 Having said this, some 

commentators have found that farmers are reluctant to adopt technology, which limits their 

                                                      
Cromartie, Breneman and Brown (2009, Broadband Internet’s value for rural America, August, Economic 

Research Report Number 78, United States Department of Agriculture, Washington DC).  

47 For a discussion of the economic benefits of broadband in rural areas see, for example, Prieger (2013, The 

broadband digital divide and the economic benefits of mobile broadband for rural areas, Telecommunications 

Policy, Vol.37, pages 483-502). 

48 See, for example, Townsend, Wallace, Fairhurst and Anderson (2017) Broadband and the creative industries in 

rural Scotland, Journal of Rural Studies, Vol.54, pages 451-485. 

49 There is, however, an important caveat: broadband speeds need to be at least 2Mbps, with speeds below this 

possibly encouraging migration to areas with ‘better’ connectivity (Townsend, Wallace, Fairhurst and Anderson, 

2017, Broadband and the creative industries in rural Scotland, Journal of Rural Studies, Vol.54, pages 451-485). 

This threshold will, of course, change over time as online activities become more demanding in terms of the 

connectivity required to function satisfactorily.  

50 Richmond, Radar and Lanier (2017) The “digital divide” for rural small businesses, Journal of Research in 

Marketing and Entrepreneurship, Vol.19, pages 94-104. 

51 This is one of the findings of research into the provision of broadband in eastern Ontario, Canada (Pant and 

Odame, 2016, Broadband for a sustainable digital future of rural communities: A reflexive interactive assessment, 

Journal of Rural Studies, Vol.54, pages 435-450). This is also supported by the literature cited by Bowen and 

Morris (forthcoming, The digital divide: implications for agribusiness and entrepreneurship. Lessons from Wales, 

Journal of Rural Studies), who explore the digital divide within Wales. 

52 Kim and Orazem (2016) Broadband Internet and new firm location decisions in rural areas, American Journal 

of Agricultural Economics, Vol.99 (1), pages 285-302. 

53 Canzian, Poy and Schüller (2019) Broadband upgrade and firm performance in rural areas: Quasi-experimental 

evidence, Regional Science and Urban Economics, Vol.77, pages 87-103. 

54 For a discussion of this within the context of rural England see Price, Shutt and Sellick (2018, Supporting rural 

small and medium-sized enterprises to take up broadband-enabled technology: What works? Local Economy, 

Vol.33 (5), pages 515-536.  
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ability to be innovative.55 While this may occur for a variety of reasons, such as the lack of the 

necessary resources and skills to utilise the Internet, it also suggests that farmers need to be 

made aware of the benefits that can be forthcoming once they obtain a broadband connection.  

The role of broadband in rural communities is, however, wider than ‘just’ creating and 

supporting economic activities. Broadband contributes to social cohesion. It facilitates 

communications,56 between individuals who live in rural areas as well as with further afield 

and allows the unique heritage and cultural characteristics of rural areas to be recorded and 

shared. Rural areas incorporate ICT, allowing them to adapt to their changing socio-economic 

circumstances and thus thrive and prosper.57 The relationship between civic engagement and 

broadband adoption has been explored.58 Broadband adoption rates in rural areas are positively 

related to expressing views via the Internet, boycotting companies and the frequency with 

which politics are discussed with friend and family. 

Broadband also allows those living in rural areas to access a range of services.59 Research 

in Australia explored the challenges and opportunities of older people accessing online services 

– financial, health and social services – finding that they were willing to use the Internet, though 

this demand was not recognised by service providers. Some local authorities in the UK have 

started developing online e-health services to enhance the access to medical care for senior 

citizens in rural areas.60 Furthermore, broadband access is increasingly recognised as a vital 

facilitating resource for educational purposes. Researchers in the United States have stressed 

the potential of distance learning for rural users, which were found to use online education 

more than urban users.61 A recent report from a committee of the House of Commons in the 

                                                      
55 Bowen and Morris, forthcoming, The digital divide: implications for agribusiness and entrepreneurship. Lessons 

from Wales, Journal of Rural Studies. 

56 See, for example, Beel, Wallace, Webster, Nguyen, Tait, Macleod and Mellish (2017) Cultural resilience: The 

production of rural heritage, digital archives and the role of volunteers, Journal of Rural Studies, Vol.54, pages 

459-468; Park; (2017) Digital inequalities in rural Australia: A double jeopardy of remoteness and social 

exclusion, Journal of Rural Studies, Vol.54, pages 399-407; Roberts, Anderson, Skerratt and Farrington (2017) 

A review of the rural-digital policy agenda from a community resilience policy, Journal of Rural Studies, Vol.54, 

pages 372-385; and, Wallace, Vincent, Luguzan, Townsend and Beel (2016) Information technology and social 

cohesion: A tale of two villages, Journal of Rural Studies, Vol.54, pages 426-434. 

57 This should not be interpreted as suggesting that the socio-economic benefits from the use of broadband can be 

easily achieved. See, Salemink and Strijker (2016, Rural broadband initiatives in the Netherlands as a training 

ground for neo-endogenous development, Local Economy, Vol.31 (7), pages 778-794), Townsend, Sathiaseelan, 

Fairhurst and Wallace (2013, Enhanced broadband access as a solution to the social and economic problems of 

the rural digital divide, Local Economy, Vol.28 (6), pages 580-595), or Velaga, Beecroft, Nelson, Corsar and 

Edwards (2012, Transport poverty meets the digital divide: accessibility and connectivity in rural communities, 

Journal of Transport Geography, Vol.21, pages 102-112), among others, for a discussion of some of the 

challenges encountered in rural areas. 

58 Whitarce and Manlove (2016) Broadband and civic engagement in rural areas: What matters? Community 

Development, Vol.47 (5), pages 700-717. 

59 Hodge, Carson, Carson, Newman and Garrett (2017) Using Internet technologies in rural communities to access 

services: The views of older people and service providers, Journal of Rural Studies, Vol.54, pages 469-478. 

60 Local Government Association and Public Health England (2017) Health and wellbeing in rural areas, 

available at local.gov.uk 

61 LaRose, Gregg, Strover, Straubhaar and Carpenter (2007), Closing the rural broadband gap: Promoting adoption 

of the Internet in rural America, Telecommunications Policy, Vol. 31 (6-7), pages 359-373; Cejda (2007),  

Distance Education in Rural Community Colleges, Community College Journal of Research and Practice, Vol. 

31 (4), pages 291-303. 
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UK has pointed out that the lack of fast broadband is limiting the access to educational 

opportunities for children living in rural areas.62 

Finally, the adoption of ICT has been found to empower women.63 Examining how 

technology has been adopted on farms in Queensland, Australia, research observed how 

through picking and then using ICT the role of women has changed. Not only was it found that 

women are more frequent users of ICT than men, but their ability to use the technology elevated 

their status both within the specific farm as well as the wider community. Unsurprisingly it 

was found that ICT was used to save money and time on the one hand and improve 

communication on the other.64 

 

Supporting tomorrow’s agricultural sector 

There is a growing consensus that agriculture stands on the cusp of a significant and far-

reaching application of ICT. This application, which is referred to by different terms such as 

‘smart agriculture’, ‘precision agriculture’ and ‘Agriculture 4.0’, will see ICT being adopted 

across the whole sector with far-reaching consequences in term of the sector’s productivity, 

efficiency and profitability. The application of ICT to agriculture is being driven by a variety 

of factors, including: 

 The need to produce substantially more food from more or less the same amount of 

agricultural land.65 

 The impact of changing dietary requirements, not least of which is the greater 

consumption of protein by some.66 

 The declining attractiveness in some parts of the world of farming as an occupation.67 

                                                      
62 Environment, Food and Rural Affairs Committee (2018) An Update on Rural Connectivity, September, 

available at publications.parliament.uk 

63 Hay and Pearce (2014) Technology adoption by rural women in Queensland, Australia: Women driving 

technology from the homestead for the paddock, Journal of Rural Studies, Vol.36, pages 318-327. 

64 Hay and Pearce (2014: 324) Technology adoption by rural women in Queensland, Australia: Women driving 

technology from the homestead for the paddock, Journal of Rural Studies, Vol.36, pages 318-327. 

65 The United Nations has recently announced that the world’s population is projected to grow to 9.7 billion people 

by 2050 (United Nations Department for Economic and Social Affairs, 2019, World population prospects 2019: 

Highlights, June, available at https://population.un.org/wpp). This is a considerable increase over today’s global 

population of 7.7 billion. Demand for food, however, will grow considerably more than that of population over 

the same period – one estimate has demand for food increasing 70% over the same period (de Clerq, vats & Biel 

(2018) Agriculture 4.0: The future of farming technology, available at www.worldgovernmentsummit.org). But 

the land available for agriculture will not increase by the same extent, limited by a combination of urbanisation 

on the one hand and the desire to preserve natural habitats on the other (van Es and Woodward, 2017, Innovation 

in agriculture and food systems in the digital age, in, WIPO, The global innovation index 2017, available at 

www.wipo.int; Trendov, Varas and Zeng (2019) Digital technologies in agriculture and rural areas – Briefing 

paper, Food and Agriculture Organisation, Rome, Italy. ATOS (2018, Digital vision for farming – Opinion paper, 

available at www.atos.net) states, albeit without providing a detailed source, that agricultural land will increase 

by only 5% while demand for food will increase by the aforementioned 70% and in some parts of the world, such 

as in the European Union, the land available for agriculture will actually decrease (European Parliamentary 

Research Service, 2016, Precision agriculture and the future of farming in Europe – Scientific foresight study, 

PE581.892, available at www.europarl.europa.eu). 

66 de Clerq, vats & Biel (2018) Agriculture 4.0: The future of farming technology, available at 

www.worldgovernmentsummit.org 

67 European Parliamentary Research Service (2016) Precision agriculture and the future of farming in Europe – 

Scientific foresight study, PE581.892, available at www.europarl.europa.eu 
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 The desire to mitigate the negative impact of farming on the environment.68 

 Enhanced monitoring requirements to meet other objectives such as safeguarding the 

environment, ensuring that correct amounts of subsidy are provided to farmers, 

improving the quality of livestock etc.69  

This latter point is particularly important within the EU, not least because it illustrates the 

scope of applying ICT to agriculture and one of the major benefits. Across the EU, around 

seven million farmers receive a combined total of €55 billion in payments.70 To receive these 

payments, farmers are required to provide data through what has been described as a 

“cumbersome process, which is labour intensive and disproportionately impacts small/medium 

sized farms”.71 While ICT have long played a role in the payment system, changes to the system 

in 2018 emphasised monitoring and thus opened the door to the application of technologies 

such as satellite imagery, drones and automatically generated records of fertilising and 

harvesting.72 Not only does the use of this data reduce the burden on farmers, but it minimises 

the need for physical inspections to check the veracity of the claims made by farmers. 

Applying ICT to administrative processes, to improve their efficiency and effectiveness, is 

just one example of how technology may be applied to the agricultural sector. Exhibit C (over) 

highlights the variety of this application, grouping the various technologies together into three 

categories: cross-cutting technologies, field and livestock. ICT may be applied to monitoring 

farm equipment, enabling pre-emptive maintenance to occur or providing data to farmers to 

shape their investment decisions. The collection and analysis of data is integral to ‘smart 

agriculture’ – data analytics will facilitate the analysis of crop yields, identify where specific 

plant species are growing, monitor fertility cycles, track the outbreak of disease in crops and 

herds etc.73 Interoperability is also needed, so that data collected in one farming activity can be 

used in another, encouraging innovation across the ecosystem in the process.74  

                                                      
68 ATOS (2018) Digital vision for farming – Opinion paper, available at www.atos.net; de Clerq, vats & Biel 

(2018) Agriculture 4.0: The future of farming technology, available at www.worldgovernmentsummit.org 

69 Alliance for Internet of Things Innovation (2019) IoT and digital technologies for monitoring of the new CAP, 

May, available at https://aioti.eu; ATOS (2018) Digital vision for farming – Opinion paper, available at 

www.atos.net; European Parliamentary Research Service (2016) Precision agriculture and the future of farming 

in Europe – Scientific foresight study, PE581.892, available at www.europarl.europa.eu 

70 Alliance for Internet of Things Innovation (2019) IoT and digital technologies for monitoring of the new CAP, 

May, available at https://aioti.eu 

71 Alliance for Internet of Things Innovation (2019: 7) IoT and digital technologies for monitoring of the new 

CAP, May, available at https://aioti.eu 

72 Alliance for Internet of Things Innovation (2019) IoT and digital technologies for monitoring of the new CAP, 

May, available at https://aioti.eu  

73 For further discussion of the role that data can play within ‘smart agriculture’ see, for example, ATOS (2018) 

Digital vision for farming – Opinion paper, available at www.atos.net; de Clerq, vats & Biel (2018) Agriculture 

4.0: The future of farming technology, available at www.worldgovernmentsummit.org; or, Maru, Berne, de Beer, 

Ballantyne, Pesce, Kalyesbulua, Fourie, Addison, Collet and Chaves (2018) Digital and data-driven agriculture: 

Harnessing the power of data for smallholders, Global Forum on Agricultural Research, available at 

https://cgspace.cigar.org 

74 Alliance for Internet of Things Innovation (2019) IoT and digital technologies for monitoring of the new CAP, 

May, available at https://aioti.eu; Trendov, Varas and Zeng (2019) Digital technologies in agriculture and rural 

areas – Briefing paper, Food and Agriculture Organisation, Rome, Italy. 
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Exhibit C: Enabling technologies for digital agriculture 

Production 

environment 
Type of technology Purpose and benefits 

Cross-cutting 

technologies 

Computational decision tools Use data to develop recommendations for management and optimise multitudes of farms tasks 

The cloud Provide efficient, inexpensive and centralised data storage, computation and communication to support farm management 

Sensors Gather information on the functioning of equipment and farm resources to support management decisions 

Robots Implement tasks with efficiency and minimal human labour 

Digital communication tools Allow frequent, real-time communication between farm resources, workers, managers and computational resources in 

support of management 

Field 

Geo-location Provide precise location of farm resources, often combined with measurements, or used to steer equipment to locations 

Geographical information 

systems 

Use computerised mapping to aid inventory management and to make geographical crop input prescriptions 

Yield monitors Employ sensors and GPS on harvesters to continually measure harvest rate and make yield maps that allow for identification 

of local yield variability 

Precision soil sampling Sample soil at high spatial resolution to detect and manage fertility patterns in fields 

Unmanned aerial systems Use small, readily deployed remote control aerial vehicles to monitor farm resources using imaging UAS 

Spectral reflectance sensing Measure light reflectance of soil or crop using satellite, airplane or USA imaging or field equipment-mounted sensors, to 

make determinations on soil patterns, crop or animal performance, or on nutrient/pest problems  

Autosensing and guidance Reduce labour or fatigue with self-driving technology for farm equipment (including robots), can also precisely guide 

equipment in fields to enable highly accurate crop input placement and management 

Variable rate technology Allow continuous adjustment of application rates to precisely match localised crop needs in field areas with field 

applications for crop inputs (chemicals, seed etc) 

On-board computers Collect and process field data with specialised computer hardware and software on tractors, harvesters etc often connected to 

sensors or controllers 

Livestock 

Radio frequency ID Transmit identify data with tags attached to production units (mostly animals) that allow data collection on performance as 

well as individualised management 

Automated milking, feeding and 

monitoring systems 

Performing milking or feeding operations automatically with robotic systems, often combined with sensors that collect basic 

biometric data on animals, thereby reducing labour needs and facilitating individualised animal management 

Source: van Es and Woodward (2017) Innovation in agriculture and food systems in the digital age, in, WIPO, The global innovation index 

2017, available at www.wipo.int 
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In addition, ICT can also be applied to the use of fertilisers, to ensure that they are applied 

in the correct amounts to the areas that most need them, as well as to automatically collecting 

harvest data.75 Farming processes can also be automated,76 reducing the need for labour on the 

one hand but also improving animal welfare on the other.77 And Blockchain can be applied to 

agriculture, to enhance the traceability of food through the value chain and improve customer 

trust.78 As clearly demonstrated by Exhibit D (over), the potential economic benefits from 

ubiquitous broadband as well as ‘smart agriculture’ are significant. Broadband supports around 

a third of the benefits of ‘smart agriculture’, though in the case of speciality crops it is 

substantially more than for either row crops or livestock. In other words, without widespread 

broadband coverage the potential of ‘smart agriculture’ in the USA would not be achieved.    

There are, however, many barriers to the adoption of ICT to the agriculture sector. One 

such barrier is the size of the farm, with smaller farms being less likely to adopt ICT, not least 

because they simply lack the financial resources to do so.79 Assuming that the farmer is 

financially able to adopt ICT, two other issues come to the fore: connectivity and skills. 

Connectivity, which is both fixed and wireless,80 is at the heart of ‘smart agriculture’ – it 

integrates the various parts of the system, allowing farmers to precisely sow their crops and 

apply fertiliser, remotely monitors livestock and transfers data from farming machinery to the 

cloud, to improve decision making as well as enabling administrative processes. In other words, 

without connectivity, the potential of ‘smart agriculture’ will not be achieved. 

  

                                                      
75 ATOS (2018) Digital vision for farming – Opinion paper, available at www.atos.net 

76 See, for example, ATOS (2018) Digital vision for farming – Opinion paper, available at www.atos.net and de 

Clerq, vats & Biel (2018) Agriculture 4.0: The future of farming technology, available at 

www.worldgovernmentsummit.org 

77 See, for example, Heyden (2015) The cows that queue up to milk themselves, BBC Magazine, May, available 

at www.bbc.co.uk, for an illustration of automated milking, which, the farmer claims, has also improved the well-

being of his cows.  

78 See, for example, ATOS (2018) Digital vision for farming – Opinion paper, available at www.atos.net or GHD 

and AgThentic (2018) Emerging technologies in agriculture – Consumer perceptions around emerging Agtech, 

AgriFutures National Rural Issues, August, available at www.agrifutures.com.au 

79 van Es and Woodward (2017) Innovation in agriculture and food systems in the digital age, in, WIPO, The 

global innovation index 2017, available at www.wipo.int; Maru, Berne, de Beer, Ballantyne, Pesce, Kalyesbulua, 

Fourie, Addison, Collet and Chaves (2018) Digital and data-driven agriculture: Harnessing the power of data 

for smallholders, Global Forum on Agricultural Research, available at https://cgspace.cigar.org; and, Trendov, 

Varas and Zeng (2019) Digital technologies in agriculture and rural areas – Briefing paper, Food and Agriculture 

Organisation, Rome, Italy. 

80 Wireless and fixed technologies are complementary. Wireless technologies are ideally suited to connecting 

farming equipment, animals etc. with monitoring and recording systems. They, in other words, facilitate the 

collection of data. In contrast, wired technologies are arguably better suited to the movement of large volumes of 

data, from, for example, a piece of farm equipment to the company that maintains it so that its performance can 

be monitored. Fixed telecommunications technologies are also better suited to the completion of administrative 

tasks associated with, for instance, the payment of subsidies.  
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Exhibit D: Annual potential gross economic benefits of precision agriculture technologies 

derived from broadband e-connectivity 

 Row 

crops 

Speciality 

crops 
Livestock Total 

Annual value of the US market studied $110.6bn $30.1bn $113bn $254bn 

Precision agriculture in planning $4.2bn $1.3bn $2.4bn $7.9bn 

Precision agriculture in production $6.7bn $3.5bn $15.8bn $25.9bn 

Precision agriculture in market coordination $2.2bn $8.5bn $2.4bn $13.1bn 

Next generation precision agriculture potential 

gross economic benefits annually, for the market 

studied 

$13.1bn $13.3bn $20.6bn $469bn 

Annual value of total US market production $142.6bn $45.3bn $151.9bn $340bn 

Next generation precision agriculture potential 

gross economic benefits as a percent of total US 

production 

$16.8bn $19.9bn $27.7bn $64.5bn 

Next generation precision agriculture potential 

gross economic benefits as a percent of total US 

production 

12% 44% 18% 18% 

Average percent of next generation precision 

agriculture benefits that depend on broadband 

35% 43% 38% 36% 

Potential gross economic benefits of ubiquitous 

broadband infrastructure and next generation 

precision agriculture adoption 

$4.6bn to 

$5.9bn, 

or 4% 

$5.7bn to 

$8.6bn, or 

19% 

$7.8bn to 

$10.5bn, or 

7% 

$18bn to 

$23bn, 

or 7% 

Source: United States Department Agriculture (2019) A case for rural broadband: Insights 

on rural broadband infrastructure and next generation precision agriculture technologies, 

April, available at www.usda.gov 

  

‘Smart agriculture’ also necessitates new skills as well.81 The diverse array of skills 

required is illustrated in Exhibit E (over). While some of these skills are technical in character, 

such as the ability of the farmer to work with machinery embedded with ICT, they are also 

analytical as well. To maximise the benefits of the data collected, farmers also need to be able 

to analyse it. This, in turn, highlights the need to support farmers as the transition to ‘smart 

agriculture’ occurs. Not only should data analytics be embedded into the education of farmers, 

but ongoing training initiatives will be needed to reflect hardware and software developments. 

There is, therefore, the need to ensure that policies of hitherto separate government departments 

complement one another to ensure the success of ‘smart agriculture’ and thus the viability and 

vitality of rural communities.82 

                                                      
81 European Parliamentary Research Service (2016) Precision agriculture and the future of farming in Europe – 

Scientific foresight study, PE581.892, available at www.europarl.europa.eu; van Es and Woodward (2017) 

Innovation in agriculture and food systems in the digital age, in, WIPO, The global innovation index 2017, 

available at www.wipo.int; Maru, Berne, de Beer, Ballantyne, Pesce, Kalyesbulua, Fourie, Addison, Collet and 

Chaves (2018) Digital and data-driven agriculture: Harnessing the power of data for smallholders, Global Forum 

on Agricultural Research, available at https://cgspace.cigar.org; and, Trendov, Varas and Zeng (2019) Digital 

technologies in agriculture and rural areas – Briefing paper, Food and Agriculture Organisation, Rome, Italy. 

82 Within the context of the EU, European Parliamentary Research Service (2016, Precision agriculture and the 

future of farming in Europe – Scientific foresight study, PE581.892, available at www.europarl.europa.eu) 

illustrates how farming touches on many other sectors, necessitating co-ordination across a broad swathe of 
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Exhibit E: Cluster of skills relevant to three key areas of expertise 

Technological expertise Legislative expertise Local community leadership 

 Work with robots / 

automation technology 

 Work with data / data skills 

(data science) 

 Choose right technologies of 

solutions 

 Low waste production 

 Diverse high-tech production 

skills 

 Understanding legislation 

 Knowledge of the 

laws/anticipating changes 

 Dealing with bureaucracy 

 ‘Diplomacy’ and ‘people 

skills’ in working with 

institutions 

 Knowledge of regional 

potential and regional growth 

 Insight into local needs 

 Communication 

 People management / ‘people 

skills’ 

 Sense of solidarity with and 

responsibility for the 

community 

Source: European Parliamentary Research Service (2016) Precision agriculture and the 

future of farming in Europe – Scientific foresight study, PE581.892, available at 

www.europarl.europa.eu 

 

Tackling all of the salient issues needed to implement ‘smart agriculture’ may be 

overwhelming. A recent report by the Food and Agriculture Organisation (FAO), which is a 

specialist agency of the United Nations, informatively splits the conditions that need to be 

fulfilled before the agricultural sector can be transformed by ICT into two: basic and 

enabling.83 Basic conditions are, as the term suggests, the minimum conditions that need to be 

fulfilled for the use of ICT to transform the agricultural sector. These include:  

 the provision of telecommunications infrastructure and thus connectivity; 

 affordability; 

 education; and, 

 institutional support.84 

The enabling conditions identified by the FAO build on these. The transformation is more 

extensive, enabling the full potential of ‘smart agriculture’ to be realised. Three key enablers 

are identified: 

 the use of the Internet, mobile telecommunications and social networks by farmers and 

those who support them; 

 the digital skills among farmers; and, 

 a culture that supports and encourages digital agripreneurship and innovation.85 

While the first two enablers build on previous arguments, the last one may be surprising to 

some. It should not. Not only is the agricultural sector entrepreneurial, with farmers 

diversifying their revenue streams to compensate for lower prices and increased volatility, but 

ICT more broadly facilitates entrepreneurial activity by creating new economic opportunities 

                                                      
government. This is also echoed in the national context as well, see, for example, Réseau Rural (2018, The impact 

of using digital technology has on rural development: Observations and questions, available at 

www.reseaurural.fr) for a discussion of the French case. 

83 Trendov, Varas and Zeng (2019) Digital technologies in agriculture and rural areas – Briefing paper, Food 

and Agriculture Organisation, Rome, Italy. 

84 Trendov, Varas and Zeng (2019: Section 2) Digital technologies in agriculture and rural areas – Briefing 

paper, Food and Agriculture Organisation, Rome, Italy. 

85 Trendov, Varas and Zeng (2019: Section 3) Digital technologies in agriculture and rural areas – Briefing 

paper, Food and Agriculture Organisation, Rome, Italy. 
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as well as reshaping existing markets.86 Although the FAO suggests that the encouragement of 

entrepreneurial activity requires a multi-faceted approach they state that “education is the most 

critical factor to accelerating innovation and digital transformation”.87 

 

Connectivity, skills and use 

ICT are transformational. They change how industries are structured, how goods and services 

are provided and how they may be accessed and consumed. Through encouraging innovative 

activity, ICT have created new industries and disrupted existing ones. The impact of the digital 

economy can be felt throughout society and the economy, developments which will be 

amplified as the full effects of the burgeoning data driven economy are realised. 

The examples outlined above vividly demonstrate the far-reaching and transformational 

impact of ICT in remote and rural areas. Through their adoption, ICT give rise to a diverse 

array of benefits: tele-commuting, for example, has a positive environmental impact while 

creating sometimes substantial financial savings. More broadly, ICT use enables the businesses 

located in rural and remote areas to access distant markets, diversify their revenues and enhance 

their competitiveness. Individuals can access online resources, which may be educational or 

medical in nature. The opportunities for ICT in healthcare, and the associated benefits, are 

diverse, ranging from providing support to those who may be ill to developing tailored 

healthcare solutions for patients. 

But achieving these benefits requires the provision of connectivity. The provision of 

telecommunications infrastructure in rural and remote areas is, by their very nature, more 

expensive than in urban areas characterised by higher population densities.88 Furthermore, this 

provision can also be technically challenging as well.89 Having said this, through a combination 

of liberalisation and technological change, telecommunications infrastructures are available to 

a majority of Canadians: in 2018, for example, 63% of households had a wireline subscription 

while 89% had an Internet subscription.90 It had been hoped that those broadband providers 

which entered the market through the use of another company’s infrastructure would, over 

time, invest in their own network. This hope, which is often explained through the ‘ladder of 

                                                      
86 See, for example, Morris, Henley and Dowell (2017) Farm diversification, entrepreneurship and technology 

adoption: Analysis of upland farmers in Wales, Journal of Rural Studies, Vol. 54, 132-143; and, Bowen and 

Morris (forthcoming) The digital divide: Implications for agribusiness and entrepreneurship. Lessons from Wales, 

Journal of Rural Studies. 

87 Trendov, Varas and Zeng (2019: 9) Digital technologies in agriculture and rural areas – Briefing paper, Food 

and Agriculture Organisation, Rome, Italy. 

88 Grubesic and Murray (2004) Waiting for Broadband: Local Competition and the Spatial Distribution of 

Advanced Telecommunication Services in the United States, Growth and Change, vol. 35, 139-165; Glass and 

Stefanova (2012) Economies of scale for broadband in rural United States, Journal of Regulatory Economics, 

Vol. 41, 100-119. 

89 Rendon Schneir and Xiong (2016) A cost study of fixed broadband access networks for rural areas, 

Telecommunications Policy, Vol. 40, 755-773; Analysis Mason (2008) The costs of deploying fibre-based next-

generation broadband infrastructure. Final report for the Broadband Stakeholder Group, available at 

broadbanduk.org 

90 Canadian Radio-television and Telecommunications Commission (2019) Communications Monitoring Report, 

Ottawa, Canada. 
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investment’ metaphor, would see entrants invest in their own network infrastructure so that 

over time their commitment to the market deepens.91  

While popular with regulators, especially within the EU, broadband markets have not 

developed as this metaphor suggested. One review of the literature found that the majority of 

research examining the impact of local loop unbundling (LLU), which involves one service 

provider being given access through wholesale agreements to the network of another company, 

found that this discouraged infrastructure investment by both new entrants and incumbents.92 

A more recent review, focusing on the impact of LLU on fibre rollout,93 largely confirmed 

these findings, although two studies have suggested that LLU-based competition in Spain and 

France encouraged the national incumbents to invest in NGA networks.94 Another analysis 

found only weak evidence to support the suggestion that entrants would invest in their own 

access network.95  

Some commentators have also explored the impact that access charges have had on 

investment. In particular, an emerging body of work has sought to understand how access 

charges influence the switch from ‘old’ to ‘new’ broadband technologies.96 One analysis argues 

that the regulation of ‘old’ broadband technologies has had a negative impact on the investment 

in ‘new’ technologies,97 with stricter obligations on ‘old’ technologies reducing the overall 

level of investment that occurs. Other researchers have concluded that while low access charges 

may encourage competition in the short run they “hinder investment” over the longer term.98 

Interestingly, another recent study, found that increases in access charges for ‘old’ broadband 

technologies encouraged the adoption of ‘new’ ones across EU Member states.99  

Thus, the mixed evidence from across the EU does suggest that a degree of caution is 

needed when developing regulatory regimes to address connectivity. The complex and 

dynamic nature of the relationship between regulation and investment is such that the intended 

outcomes may not occur, and that regulatory initiatives taken to address concerns with one 

particular set of technologies may have unintended consequences for future generations. 

                                                      
91 For an overview of the ‘ladder of investment’ metaphor see, for example, Cave (2006, Encouraging 

infrastructure competition via the ladder of investment, Telecommunications Policy, Vol.30, pages 223-237) and 

Cave (2014, The ladder of investment in Europe, in retrospect and prospect, Telecommunications Policy, Vol.38, 

pages 674-683). 

92 Cambini and Jiang (2009) Broadband investment and regulation: A literature review, Telecommunications 

Policy, Vol.33, pages 559-574. 

93 Abrardi and Jiang (2019) Ultra-fast broadband investment and adoption: A survey, Telecommunications Policy, 

Vol.43, pages 183-198. 

94 Bourreau, Grzybowski, Hasbi (2018). Unbundling the incumbent and entry into fiber: Evidence from France 

CESifo Working Paper; Calzada, García-Mariñoso, Ribé, Rubio, Suárez (2018) Fiber deployment in Spain, 

Journal of Regulatory Economics, Vol. 53, 256-274. 

95 Bacache, Bourreau and Gaudin (2014) Dynamic entry and investment in new infrastructures: Empirical 

evidence from the fixed broadband industry, Review of Industrial Organisation, Vol.44, pages 179-209. 

96 ‘Old’ broadband technologies are based on copper, while ‘new’ ones are based on fibre.  

97 Briglauer (2015) How EU sector-specific regulations and competition affect migration from old to new 

communications infrastructure: recent evidence from EU27 member states, Journal of Regulatory Economics, 

Vol.48, pages 194-217. 

98 Bourreau, Cambini & Dogan (2012) Access pricing, competition, and incentives to migrate from “old” to “new” 

technology, International Journal of Industrial Organisation, Vol.30, pages 713-723 

99 Briglauer and Cambini (2019) Does regulation of basic broadband networks affect the adoption of new fiber-

based broadband services? Industrial and Corporate Change, Vol.28 (2), pages 219-240.  
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Finally, it is worth noting that across the EU public intervention in rural areas – which have 

taken the form of subsidies and public-private partnerships – has been necessary. Through these 

mechanisms, connectivity has been provided in areas where it was previously absent. It is 

arguably surprising that one analysis of public intervention in the UK found that ISPs are 

reluctant to promote and offer their services to rural communities even when they can do so 

through wholesale agreements with the network provider.100 In other words, those ISPs that 

purchase access from the network operator and then resell this under their own brand are 

reluctant to market their services in rural areas. This failure of service-based competition limits 

the extent to which those living and working in rural areas benefit from the digital economy. 

Once connectivity has been provided, the key issue that needs to be addressed then becomes 

usage, which is, in turn, shaped by the skills that individuals and organisations possess. These 

skills are diverse, ranging from how to surf the Internet and search for information to using 

specific software packages.101 As the digital economy grows and transforms existing industries, 

the need for new skills in old contexts emerges – farmers, for example, will need to know how 

to maintain equipment that has ICT integrated into it, as well as how to collect and analyse the 

large volumes of data integral to smart agriculture. 

These issues are brought together in Exhibit F (over). The relationship between Internet 

use and skills is dynamic; skills enable the Internet to be used, which, in turn, results in 

improved and new skills emerging. And as the use of the Internet grows and skills develop, it 

is integrated into ever more socio-economic activities. This expansion encourages the further 

adoption of ICT, which continues the transformation of the economy and necessitates the 

further development of skills. Not only will this deepen the skills that exist in those parts of the 

economy already being transformed, but it will also require skills to emerge in those sectors 

and activities new to the digital economy. 

 

                                                      
100 Gerli and Whalley (2018) Fibre to the countryside: A comparison of public and community initiatives in the 

UK, Towards a digital future: Turning technology into markets? 29th European Regional Conference of the 

International Telecommunications Society (ITS), Trento, Italy, 1st - 4th August.  

101 For a literature review on digital skills, see, for instance, van Laar, van Deursen, van Dijk and Haan (2017) 

The relation between 21st-century skills and digital skills: A systematic literature review, Computers in Human 

Behaviour, Vol. 72, 577-588. 
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Exhibit F: Connectivity, use and skills 
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Summary 

This report has highlighted the wide-ranging impact of ICT. This impact is transformational 

and has begun to change how healthcare is provided and farming undertaken. The care and 

support provided to patients will be improved, while farmers will be able to diversify their 

revenues and raise yields. There are also substantial environmental benefits associated with the 

widespread adoption of ICT. To achieve these benefits, a combination of ICT and skills is 

needed. Would-be users need connectivity, for without this they are not able to enjoy the wide-

ranging socio-economic benefits noted above. If a regulatory regime emerges that removes the 

incentives for operators to invest in infrastructure, then the benefits associated with the digital 

economy will not be realised. Thus, operators need to be incentivised to invest in infrastructure 

and once they do so, users – individuals and businesses – need to possess the necessary skills 

to be able to utilise ICT advantageously. Focusing on one without the other will limit the 

transformational impact that will occur, and thus reduce the socio-economic benefits associated 

with the emergence of the widespread use of ICT.  

 

 

TELUS Communications Inc 
November 13, 2019 Appendix B




