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Preface

The past twenty years has been an extraordinary time for the development of information and
communication technologies (ICTs) — and with the ‘mobile miracle’ we have brought the benefits of ICTs
within reach of virtually all the world’s people. ITU has been in the forefront of this transformational
ascent and is today committed to continue to driving positive change in the sector and beyond. It is now
time to make the next step, and to ensure that everyone — wherever they live, and whatever their
circumstances — has access to the benefits of broadband. This is not just about delivering connectivity for
connectivity’s sake — or even about giving people access to the undoubted benefits of social
communications. It is about leveraging the power of broadband technologies — and especially mobile
technologies — to make the world a better place.

In 2010, ITY, in conjunction with UNESCO, launched the Broadband Commission for Digital Development —
to encourage governments to implement national broadband plans and to increase access to broadband
applications and services. The Commission is co-chaired by President Paul Kagame of Rwanda and Carlos
Slim, President of the Carlos Slim Foundation. We have around 60 Broadband Commissioners — all top-
level leaders in their field — representing governments, industry, academia and international agencies. At
the Broadband Leadership Summit held in October 2011 in Geneva, the Broadband Commission
recognized broadband as a critical modern infrastructure contributing to economic growth and set four
clear, new targets for making broadband policy universal and for boosting affordability and broadband
uptake. Out-of-the-box models that promote competition, innovation and market growth are now needed
to make the broadband opportunity reachable for all world citizens.

At ITU, the United Nations specialized agency for ICTs and telecommunications, we are committed to
playing a leading role in the development of the digital economy through extending the benefits of
advances in broadband and embracing the opportunities it unleashes. The three ITU sectors —
Radiocommunications, Standardization and Development — are working together to meet these
challenges and our collective success will be a key factor in ensuring the provision of equitable broadband
access throughout the world. The ITU Broadband Reports are one contribution towards this commitment.

Dr. Hamadoun |. Touré

Secretary-General, ITU
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Foreword

Broadband has become a key priority of the 21°* Century, and | believe its transformative power as an
enabler for economic and social growth makes it an essential tool for empowering people, creating an
environment that nurtures the technological and service innovation, and triggering positive change in
business processes as well as in society as a whole. Increased adoption and use of broadband in the next
decade and beyond will be driven by the extent to which broadband-supported services and applications
are not only made available to, but are also relevant and affordable for consumers. And while the benefits
of broadband-enabled future are manifest, the broadband revolution has raised up new issues and
challenges.

In light of these developments, ITU launches a new series of ITU Broadband Reports. The first reports in
the series launched in 2012 focus on cutting edge policy, regulatory and economic aspects of broadband.
Other related areas and themes will be covered by subsequent reports including market analysis,
broadband infrastructure and implementation, and broadband-enabled applications. In addition, a series
of case studies will complement the resources already made available by ITU to all its many different
types of readers, but especially to ICT regulators and policy-makers.

This new series of reports is important for a number of reasons. First of all, the reports will focus on
topical issues of special interest for developed and developing countries alike. Secondly, the various
reports build on ITU’s recognized expertise in the area augmented by regular feedback from its
Membership. Last but not least, this series is important because it provides a meaningful contribution to
the work of the Broadband Commission for Digital Development. The findings of the ITU Broadband
Reports will trace paths towards the timely achievement of the ambitious but achievable goals set
recently by the Commission as well as provide concrete guidelines. As broadband is a field that’s growing
very fast, we need to constantly build knowledge for our economies and societies to thrive and evolve
into the future.

For these reasons, | am proud to inaugurate this first series of the ITU Broadband Reports and look
forward to furthering ITU’s work on the dynamic and exciting broadband ecosystem.

Brahima Sanou

Director, ITU Telecommunication Development Bureau

vii
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1 Introduction

The diffusion of broadband, defined as the technology that enables high-speed transfer of data, is
inextricably linked to the emergence of the Internet. While at its initial stages the Internet was primarily
accessed through dial-up means', consumer and enterprise demand prompted the development of
technologies that facilitated access at higher speeds. As a result, starting around the mid-1990s,
telecommunications and cable TV companies began offering services that significantly enhanced the
experience of Internet use. Investment and adoption soared around the world. By 2009, there were
1.8 billion Internet users and 471 million broadband subscriptionsz. Between 2004 and 2010,
telecommunications and cable TV companies in the United States invested over USD 97.7 billion in
broadband deployment3. Broadband capital is not only restricted to industrialized nations. In some
emerging countries broadband investment is also increasing exponentially. Chinese companies have
invested USSD 7.44 billion in broadband since 2009°, while Malaysian operators invested USD 1.6 billion
since 2009°.

With these amounts of capital being dedicated to the technology, it is natural that policy makers and
researchers in the social sciences have begun to analyse the economic and social impact of broadband. In
fact, social scientists and policy makers had been researching the economic contribution of information
and communication technologies for quite a while. The first analyses of the impact of fixed telephone
density on economic growth were conducted in the mid-1970s by World Bank researchers®. Ever since,
enhancements both in the quality of data and sophistication of econometric tools have vyielded
continuous improvement in tackling the question of economic impact of telecommunications.

Broadband, however, represents a new challenge for researchers. First, its deployment has proceeded at
an incredibly fast pace. Within 12 years, broadband has been adopted by over 62 per cent of households
in the United States, 80 per cent in the Netherlands and 95.9 per cent in Korea (ITU, 2010; OECD, 2010)7.
Consequently, the length of time series data of broadband adoption is considerably shorter than for voice
telecommunications. Second, only the countries that have understood early on its economic potential
have proceeded to collect statistics at the beginning of the diffusion process. Third, since broadband is an
access technology for data communications, it only has an economic effect in combination with the
adoption of information technology, and the implementation of organizational and process changes in
enterprises. In sum, because broadband has been deployed in such a short time span and it is an enabler
of remote information technology access, it has represented a substantial research challenge. The primary
challenge, though, remains the lack of disaggregated datasets that allow to quantitatively establish the
conditions under which broadband has an economic effect.

These methodological challenges rendered the broadband policy making process quite complex. It is
difficult to ascertain precisely if broadband contributes to economic growth or it is deployed as a result of
growing development. This problem risks repeating the debate started when economists started looking
at the impact of computing. As expected, the original results were not conclusive. Robert Solow, the
Nobel Economics laureate from MIT, concluded at the time “you can see the computer age everywhere

Dial up technology refers to Internet access over conventional voice telephone lines at speeds that do not exceed the
56 Kbps.

Source: Internet World Statistics (September 2009). In June 2010, the number of Internet users had reached
1.96 million.

See Atkinson and Schultz (2010).

Source: Sinopac (2009). Taiwan Research.

See AM Research (2010). Telecommunications: CAPEX risk from escalating competition in broadband.
See Jipp (1963).

In addition, in the last five years, the combination of wireless technology and broadband service is taking service
adoption from the household to the individual user.
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but in the production statistics”®. His conclusion kicked off a sceptical body of research and theory. In

particular, Paul Krugman, another Nobel laurate, stated in the early 1990s that “either the technology
isn’t all it's cracked up to be, or we haven’t yet seen the impact of the new technology on the economy"9,
while Robert Gordon concluded that computers made only a small contribution to productivity because

“there is something wrong with computers”lo.

Luckily enough, the availability of larger data sets at the beginning of the 21st century allowed researchers
to more precisely estimate the effects of computing. This led to the development of a new theory based
on growth accounting economics that could not only pinpoint the economic impact of information
technology, but also identify differential effects by region of the world'’. For example, a study relating
labour productivity growth on ICT investments on an industry level concluded that the faster productivity
growth in the US compared to EU countries can be attributed to a larger employment share in the ICT
producing sectors and a faster growth in industries that intensively use ICT*?. No one doubts today that
computing in particular and ICT in general have significantly contributed to economic growth in the
industrialized world during the 1990s and 2000s.

The evidence on broadband is not quite conclusive, however. As detailed above, the study of the
economic effects of broadband presents several methodological challenges. Research has confronted
these challenges by proceeding along three avenues. In the first place, macro-economic research
grounded on the Harvard economist Robert Barro's endogenous technical change model*® has analysed
the aggregate impact of broadband on economic development. In this case the guiding question is what is
the contribution of broadband to GDP growth, productivity and employment? The second avenue has
researched the impact of broadband from the microeconomic perspective. It is conducted at the firm
level and emphasizes the contribution of broadband to business process efficiency and sales growth. The
key issue here is to understand the return on broadband and IT investment at the firm and sector level.
The third school of thought tackles this last question from a qualitative perspective, choosing the case
study as its primary analytical tool.

Nevertheless, the evidence accrued by these three bodies of research is beginning to support the
hypothesis that broadband has an important economic impact. However, when comparing findings across
research, a number of caveats need to be raised. First, broadband exhibits a higher contribution to
economic growth in countries that have a higher adoption of the technology (this could be labelled the
“critical mass” or “return to scale” theory"14). Second, broadband has a stronger productivity impact in
sectors with high transaction costs, such as financial services, or high labour intensity, such as tourism and
lodging. Third, in less developed regions, as postulated in economic theory, broadband enables the
adoption of more efficient business processes and leads to capital-labour substitution and, therefore loss
of jobs (this could be labelled the “productivity shock theory”). Fourth, the impact of broadband on small
and medium enterprises takes longer to materialize due to the need to restructure the firms' processes
and labour organization in order to gain from adopting the technology (this is called “accumulation of
intangible capital”). Finally, the economic impact of broadband is higher when promotion of the
technology is combined with stimulus of innovative businesses that are tied to new applications. In other
words, the impact of broadband is neither automatic nor homogeneous across the economic system. This

See Solow, 1987.

See Krugman, 1993.

10 gee Gordon, 1998.

1 gee Jorgenson et al., 2006a, and van der Ark et al., 2002.

2 See van der Ark et al., 2003.

13 see Barro, 1991.

14 According to this theory, driven by network effects, the economic impact of broadband increases exponentially with the

penetration of the technology. See further references in Sections 2.2 and 8.1.
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emphasizes the importance of implementing public policies not only in the areas of telecommunications
regulation, but also in education, economic development and planning, science and technology, and
others.

The purpose of this study is threefold. On one hand, it presents the evidence generated by the different
bodies of theory regarding the economic impact of broadband. The purpose is not only to summarize but
also to present the complexities and conditions under which broadband has an impact. On the other
hand, it reviews the results of research the author has conducted across the world measuring the impact
of broadband on economic growth and employment creation. In this context, it presents a methodology
for calculating the investment necessary to implement national broadband plans. Finally, it outlines the
public policy implications, which can stimulate deployment and maximize the impact of the technology.

2 Economic Impact of Broadband: A Review of the Literature
The economic impact of broadband manifests itself through four types of effects (see Figure 1).

The first effect results from the construction of broadband networks. In a way similar to any infrastructure
project, the deployment of broadband networks creates jobs and acts over the economy by means of
multipliers. The second effect results from the “spill-over” externalities, which impact both enterprises
and consumers. The adoption of broadband within firms leads to a multifactor productivity gain, which in
turn contributes to growth of GDP. On the other hand, residential adoption drives an increase in
household real income as a function of a multiplier. Beyond these direct benefits, which contribute to
GDP growth, residential users receive a benefit in terms of consumer surplus, defined as the difference
between what they would be willing to pay for broadband service and its price. This last parameter, while
not being captured in the GDP statistics, can be significant, insofar that it represents benefits in terms of
enhanced access to information, entertainment and public services.

Figure 1: Broadband economic impact

Residential s Consumer
Penetration surplus
Direct Household
benefits TEEIE
Broadband _— . Enterpri_se
deployment B penetration
Total Factor |

»|  productivity

Contribution
Investment in _| to GDP growth
infrastructure
deployment

Source: Author

Research aimed at generating hard evidence regarding the economic impact of broadband is fairly recent.
The results of the research and the evidence generated so far fall into five areas:

1. Contribution to economic growth (“positive externalities”).

2. Contribution to productivity gains.

3. Contribution to employment and output of broadband deployment (“countercyclical effect”).
4. Creation of consumer surplus.

5. Improvement of firm efficiencies.
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This section presents the research conducted to date on the economic impact of broadband. In reviewing
the literature, it will become apparent that there is no single approach to assess broadband's economic
contribution. Each methodology that has been utilized so far (input / output analysis, econometric
modelling, measurement of consumer surplus, and microeconomics case studies) will be reviewed and
the robustness of the evidence generated will be assessed. In reviewing the methodologies, it will also
become apparent that the overarching condition guiding the selection of one approach over another is
driven primarily by data availability.

2.1 Contribution to economic growth

Broadband technology is a contributor to economic growth at several levels. First, the deployment of
broadband technology across business enterprises improves productivity by facilitating the adoption of
more efficient business processes (e.g., marketing, inventory optimization, and streamlining of supply
chains). Second, extensive deployment of broadband accelerates innovation by introducing new
consumer applications and services (e.g., new forms of commerce and financial intermediation). Third,
broadband leads to a more efficient functional deployment of enterprises by maximizing their reach to
labour pools, access to raw materials, and consumers, (e.g., outsourcing of services, virtual call centres.)

Research aimed at generating hard evidence regarding the economic impact of broadband is fairly recent.
The review of the research indicates that there are multiple approaches to estimate the economic impact
of broadband, ranging from highly sophisticated econometric techniques to qualitative micro-level case
studies. Not all approaches are suitable to all situations. The choice of analytical techniques will be driven
by the availability of data and type of effect to be analysed.

The study of the impact of broadband on economic growth covers numerous aspects, ranging from its
aggregate impact on GDP growth, to the differential impact of broadband by industrial sector, the
increase of exports, and changes in intermediate demand and import substitution. While the research on
the contribution of broadband to GDP growth has confirmed its positive impact, it has also yielded results
that vary widely. Constrained by data availability, the analyses have primarily focused on OECD countries
(generally Western Europe and North America) and states in the United States (see Table 1).

Table 1 — Research results of broadband Impact on GDP growth

Effect

Authors - Institution

United States

Crandall et al. (2007) —
Brookings Institution

48 States of US for the
period 2003-2005

Not statistically significant results

Thompson and Garbacz
(2008) — Ohio University

46 US States during the
period 2001-2005

A 10% increase in broadband
penetration is associated with 3.6%
increase in efficiency

OECD Czernich et al. (2009) — 25 OECD countries A 10% increase in broadband
University of Munich between 1996 and 2007 penetration raises per-capita GDP
growth by 0.9-1.5 percentage points
Koutroumpis (2009) — 2002-2007 for 22 OECD An increase in broadband
Imperial College countries penetration of 10% yields 0.25%
increase in GDP growth
High Income Qiang et al. (2009) — World 1980-2002 for 66 high 10% increase in broadband
Economies Bank income countries penetration yielded an additional
1.21 percentage points of GDP
growth
Low & Middle | Qiang et al. (2009) — World 1980-2002 for the 10 % increase in broadband
income Bank remaining 120 countries penetration yielded an additional
economies (low and middle income) 1.38 in GDP growth

Source: Author
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As the data in Table 1 indicates, most studies conclude that broadband penetration has an impact on GDP
growth. However, one observes that such a contribution appears to vary widely, from 0.25 to
1.38 per cent for every increase in 10 per cent of penetrationls.

Explanations for this variance are manifold. Clearly, some of the discrepancies come from the usage of
different datasets as well as model specifications. However, in some cases differences may be due to
methodological shortfalls. For one, at very high levels of data aggregation, such as country data, the
econometric models do not account for the wide discrepancy between regions that are caused by fixed
effects. For example, a large portion of the variance in the study by Qiang et al. (2009) is explained by
dummy variables for Africa and Latin America (nearly ten times as much as the estimate given by Barro
(1991) in the original formulation of the model). This probably suggests an over-estimation of impact of
broadband on GDP growth. It also justifies the need to rely on the differentiation of fixed effects and to
conduct the analysis at lower levels of aggregation such as states and, where data is available, even
counties or administrative departments.

Many of the problems identified stem from data availability, since researchers lack a host of useful
variables and must work at high levels of aggregation. However, despite the degree of discrepancies, the
research consistently concludes that broadband has a significant positive effect on GDP growth.

In addition to measuring the aggregate economic impact at the macro level, research on the economic
impact of broadband has focused on the specific processes that underlie this effect. So far two questions
have been studied in detail:

1. Does the economic impact of broadband increase with penetration and can we pinpoint a
saturation threshold when decreasing returns to penetration exist?

2.  What explains the lagged effect of broadband on the economy?

A critical element of the evolving theoretical framework of network externalities of broadband is the
impact infrastructure penetration levels may have on output. Is there a linear relationship between
broadband adoption and economic growth? Or are we in the presence of a more complex causality
effect? The “critical mass” findings of research of the impact of telecommunications on the economy,
indicates that the impact of broadband on economic growth may only become significant once the
adoption of the platform achieves high penetration levels. However, Gillett et al. (2006) contend that the
relation between penetration and economic impact should not be linear “because broadband will be
adopted (...) first by those who get the greatest benefit (while) late adopters (...) will realize a lesser
benefit” (pp. 10). With both points of view in mind, it would appear that the strength of the relationship is
highest once the technology has achieved a certain critical mass but before it reaches saturation (see
Figure 2).

Theoretically, it appears that there is a non-linear (or inverted U shape) relationship between broadband
penetration and output. At low levels of broadband penetration, we believe the impact of broadband on
the economy is minimal due to the “critical mass” concept. According to the “return to scale” theory, the
impact of telecommunications infrastructure on the economic output is maximized once the
infrastructure reaches a critical mass point, generally associated with levels of penetration of developed
countries. As a result, we initially observe increasing returns on growth (see Roeller and Waverman, 2001;
Shiu and Lam, 2008). While Roeller and Waverman (2001) associate “critical mass” with near universal
voice telephony penetration, we are starting to identify this phenomenon for broadband as well.

1> Or.36% if we make the standard assumption that 1% increase in productivity or efficiency results in 1% increase in GDP

in Thompson and Garbacz (2008).
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INCREASE EMPLOYMENT

Figure 2: Impact of broadband on output over diffusion process

Saturation point
r'e

Critical
Mass
threshold
N

BROADBAND PENETRATION *

Source: Adapted from Katz (2008a).

The implication of this finding for developing countries is significant. Research points to the fact that in
order to achieve an important level of economic impact, broadband needs to reach high levels of
penetration. For example, Koutroumpis (2009) found that for OECD countries the contribution of
broadband to OECD economic growth increased with penetration (see Figure 3).

Figure 3: OECD: Percentage of impact of broadband on GDP growth

Country Average % Impact of BB on

0.025

0.02 +

0.015 +

growth

0.01 +

0.005 +

Low penetration
*Greece, Portugal, Italy,
New Zealand, Austria,
Hungary, Spain, Ireland
*Average contribution to
GDP growth: 0.008

Source: OECD

T 0.0045

High
penetration

*Denmark, Norway,
Netherlands,
Sweden,
Switzerland
*Average
contribution to GDP
growth: 0.023

Cluster average impact on gyowth

+ 0.0005

ol o o o° &N
/«/ SR

Source: adapted from Koutrompis (2009)

7
Broadband Penetration (2007)

o o

Medium penetration
*Germany, France, Japan, Belgium, UK,
Australia, US, Canada, Luxemburg
*Average contribution to GDP growth:
0.014

As seen above, according to Koutroumpis' research, in countries with low broadband penetration (under
20%), an increase of 1 per cent in broadband adoption contributes to 0.008 per cent of GDP growth, while
in countries with medium penetration (between 20% and 30%), the effect is of 0.014 per cent and in
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countries with penetration higher than 30 per cent, the impact of 1 per cent adoption reaches 0.023. The
implication of this finding for developing countries is quite significant. Unless emerging economies do not
strive to dramatically increase their penetration of broadband, the economic impact of the technology will
be quite limited.

At the other end of the penetration process, some authors have already pointed out a potential
“saturation” effecth.They find that beyond a certain adoption level (not specified, as of yet), the effect of
broadband on the economy tends to diminish. For example, Atkinson at al. (2009) point out that network
externalities decline with the build out of networks and the maturation of technology over time. There is
evidence that supports this argument. It has been demonstrated in diffusion theory that early technology
adopters are generally those who can elicit the higher returns of a given innovation. Conversely, network
externalities would tend to diminish over time because those effects would not be as strong for late
adopters.

To test the saturation hypothesis, Czernich et al. (2009)" added dummy variables to account for 10 per
cent and 20 per cent broadband penetration to their models. They found that 10 per cent broadband
penetration has a significant impact on GDP per capita: between 0.9 and 1.5 percentage points. Similarly,
in their study of the state of Kentucky, Shideler et al. (2007) estimated that employment growth is highest
around the mean level of broadband saturation at the county level, driven by the diminishing returns to
scale of the infrastructure. According to this, a critical amount of broadband infrastructure may be
needed to sizably increase employment, but once a community is completely built out, additional
broadband infrastructure will not further affect employment growth.

The saturation evidence still needs to be carefully tested particularly in terms of what the optimal point is
beyond which broadband exhibits decreasing economic returns. For example, in a study conducted in
Germany by this author (discussed later), it was not possible to identify a saturation point for broadband
penetration'®. Furthermore, even if that were to be found confirming evidence of saturation with regard
to contribution to GDP or employment creation, that would not put into question the need to achieve
universal broadband in terms of the social benefits it yields to end users.

Most of the statistical research on the economic impact on GDP growth is performed using regressions of
cross-lagged indicators (in other words, an increase in broadband deployment in year one is found to have
an impact two or more years later). This approach is common in the assessment of economic impact of
infrastructure (given that no deployment has an immediate economic impact.) However, the premise
underlying the lagged effects assumption comprises a more complicated process of broadband adoption.

Management science has studied how technology is adopted by individual firms and how it impacts firm
productivity. First of all, purchasing ICT is not the only requirement for improving productivity. In fact,
both management and economics literature have shown that it is necessary to modify business practices
in order for information technology impact firm efficiency. Accordingly, independently from the pace at
which ICT is being adopted, the impact on efficiency and productivity is driven by what has been called

. . . . 19
“accumulation of intangible capital”™".

This effect that has been studied for ICT exists in the case of broadband as well. Technology adoption is
only the first step in the assimilation of business processes that yield improvement in productivity.

To sum up, in order to fully increase efficiency and output, the adoption of information and
communication technologies by enterprises requires the introduction of a number of processes and
organizational changes. These changes, as well as training and other cultural factors, (such as

1 Gillett et. al, 2006.

v Op. cit. Above.

8 SeeKatzetal. (2010a).

9 See Basu & Fernald (2006).
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entrepreneurial spirit, willingness to take risks in an organizational transformation), are referred to as the
accumulation of intangible capital. Broadband does not in itself have an economic impact. It represents an
enabler for the adoption of e-business processes that result in increased efficiency (such as streamlined
access to raw materials and management of the supply chain, or better market access). Intangible capital
accumulation and the adoption of e-business processes delay the full economic impact of broadband.

Lagged effects are neither uniform nor permanent. They are most marked at the start of broadband
deployment. It stands to reason that once firms have undergone the transformation required to enable
the full impact of broadband, further deployment of the technology should have an immediate impact.
Finally, van der Ark et al. (2002) and Gulton et al.(2003) note that institutional variables such as labour
market regulation could also have a significant impact on models that link broadband and productivity.
The public policy implications of this effect cannot be understated. To achieve full economic benefit of
broadband deployment, governments need to emphasize the implementation of training programmes
and, in the case of SMEs, offer consulting services that help firms capture the full benefit of the
technology®.

2.2 Impact on productivity

It is logical to assume that productivity of information workers, defined as the portion of the economically
active population whose working function is to process information (administrative employees, managers,
teachers, journalists) depends directly on the investment in ICT capital (and particularly broadband). The
studies conducted by this author?* have, in fact, concluded that the larger the per cent of the workforce
dedicated to information generation and processing is, the higher the proportion of capital stocks
invested in the acquisition of ICT infrastructure (see Figure 4).

Figure 4: Information workers and ICT investment

= 40%
g 3506 Info workers = 0.6123 IT capital - 0.0733 <
5 R’ =0.6403 .
% 30%
S —
E 9 25% /
=S *
8 e
5 S 50 /
Qo 20%
© 2 o
@ T 15% / * o
— *
g 10% ®
o] / <
[8) 5% - .
= /
0% T T T T T T

0% 10% 20% 30% 40% 50% 60% 70%

Information Workers as a percent of the economically active
population

Note: Data for information workforce was derived from ILO statistics while IT Capital was sourced from Kaplan
(2001).
Source: Adapted from Katz (2009b).

% For additional details, see section 7.5.

21 See Katz, 2009b.
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Figure 1 and the corresponding regression coefficient indicate the existence of a direct relationship
existing between the amount of information workers and IT capital investment in a given economy: as
expected, the larger the proportion of information workers in a given the economy, the more capital is
invested in information technology.

How can one theoretically explain the relationship between ICT and productivity? In his economics
dissertation at Harvard University (1982), Charles Jonscher raised the hypothesis that if we can measure
the micro-economic impact of ICT on firm productivity, then we should also be able to link the growth in
informational occupations and the adoption of technology to improve their productivity at the
macroeconomic level. This is what is depicted in Figure 5.

Figure 5: Causality model: ICT innovation and diffusion is driven by the growth of information
workforce
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Source: Adapted from Katz (2009c).

According to this causality framework, economic growth logically leads to increasing complex production
processes. In turn, complexity in production processes results in increasing the functional complexity
within firms (e.g. more inputs to be combined, more steps to be scheduled in a timely manner, more
interactions occurring with suppliers of raw materials and with buyers of the end product). The first
response of economic organizations to this effect is the creation of “information workers”—Ilabourers
whose primary function is the manipulation of information for purposes of organizing the production of
goods. At some point, however, information-processing workers become a bottleneck in the economic
system. They cannot grow forever because this process reduces the overall availability of resources in
other occupations. Furthermore, when information workers become a large proportion of the workforce,
the complexity of information processing becomes a bottleneck itself. In other words, there is a limit to
the possibility of manually storing, transferring and processing the growing amounts of information. This
is where information and communication technologies come in. Their development and adoption is aimed
at increasing the productivity of information workers and addressing this bottleneck. The availability of
computing and communications allows firms (and their information workers) to be more productive in
their manipulation of information. Broadband is a specific component performing this important
productivity enhancement.

For example, research on the impact of broadband on productivity has successfully identified positive
effects. For example, Waverman et al. (2009) determined the economic effect of broadband on the GDP
of 15 OECD nations for the time period of 1980 to 2007. These included 14 European countries and the
United States. By relying on an augmented production function derived from Waverman et al. (2005), the
authors specified two models: a production function and a hedonic function for ICT capital stocks.
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Broadband impact on the productivity of the more developed nations in the sample was found to
be 0.0013 and was statistically significant at the 5 per cent level®?. In other words, Waverman estimated
that for every 1 per cent increase in broadband penetration in high and medium impact income countries,
productivity grows by 0.13 per cent. In another document, the authors commented upon the productivity
effect in the countries of their sample with relatively low ICT penetration (Greece, Italy, Portugal, Spain
and Belgium.). They found that broadband impact on productivity was nil, which indicated the high
adoption costs, and critical mass thresholds®. In other words, for broadband to have an impact on
productivity, the ICT eco-system has to be sufficiently developed“. It would appear, therefore, that in
developed countries with high broadband penetration, the technology has an impact on aggregate
productivity levels.

2.3 Impact on job creation

This section will review the evidence regarding the impact of broadband in terms of job creation.
Differences will be made between the research focused on measuring the impact of broadband
deployment programmes (e.g. counter-cyclical impact of broadband network construction) and the spill-
over effect that broadband can have in terms of generating employment across the economy once it is
being deployed. As in the prior chapter, a section will focus on specific effects, such a differential impact
by industrial sector and/or regions.

2.3.1 Broadband construction effects and their counter-cyclical importance

Broadband network construction affects employment in three ways. In the first place, network
construction requires the creation of direct jobs (such as telecommunications technicians, construction
workers, and manufacturers of the required telecommunications equipment) to build the facility. In
addition, the creation of direct jobs has an impact on indirect employment (such as upstream buying and
selling between metal and electrical equipment manufacturing sectors). Finally, the household spending
based on the income generated from the direct and indirect jobs creates induced employment.

Four national studies have estimated the impact of network construction on job creation: Crandall et al.
(2003), Atkinson et al. (2009), Liebenau et al. (2009), and in prior research carried out by the author (Katz
et al., 2008). They all relied on input-output matrices and assumed a given amount of capital investment:
USD 63 billion (needed to reach ubiquitous broadband service in the United States) for Crandall et al.
(2003), CHF 13 billion for Katz et al. (2008b) (to build a national multi-fibre network for Switzerland), USD
10 billion for Atkinson et al. (2009) (as a US broadband stimulus) and USD 7.5 billion for Liebenau et al.
(2009) (needed to complete broadband deployment in the United Kingdom) (see Table 2).

Since these studies were triggered by the consideration of countercyclical plans devised to face the
economic crisis, they tend to focus primarily on gauging the ability of broadband jobs to create jobs. All
studies calculate multipliers, which measure the total employment change throughout the economy
resulting from the deployment of a broadband network. Multipliers are of two types. Type | multipliers
measure the direct and indirect effects (direct plus indirect divided by the direct effect), while Type I
multipliers measure Type | effects plus induced effects (direct plus indirect plus induced divided by the
direct effect). Cognizant that multipliers from one geographic region cannot be applied to another, it is
useful to observe the summary results for the multipliers of the four input-output studies (see Table 3):

2 The original regression yielded a coefficient of 0.0027 for the 2/3 more developed countries in the sample and negative

effect for the lower third. A negative effect did not make sense so the authors constrained the effect for the lower third
to zero. At that point the coefficient for the full sample moved to 0.0013.

3 gee Waverman, 2009.

2 For example, Waverman et al. estimated that in the United States broadband penetration contributed approximately to

0.26% per annum to productivity growth, resulting in 11 additional cents per hour worked (or USD 29 billion per year).

10



Impact of broadband on the economy

Country

Authors —
Institution (*)

Table 2 — Broadband impact on job creation

Objective

United States

Crandall et al.

Estimate the employment impact

Creation of 140,000 jobs per year

(2003) - of broadband deployment aimed over ten years
Brookings at increasing household adoption Total jobs: 1.2 million (including
Institution from 60% to 95%, requiring an 546,000 for construction and

investment of USD 63.6 billion

665,000 indirect)

Atkinson et al.

Estimate the impact of a USD

Total jobs: 180,000 jobs-year

(2009) - ITIF 10 billion investment in (including 64,000 direct and 116,000
broadband deployment indirect and induced
Switzerland Katz et al. Estimate the impact of deploying a Total jobs: 114,000 over four years
(2008b) — CITI national broadband network (including 83,000 direct and 31,000
requiring an investment of indirect)
CHF 13 billion
United Liebenau et al. Estimate the impact of investing Total jobs: 211,000 jobs-year
Kingdom (2009) - LSE USD 7.5 billion to achieve the (including 76,500 direct and 134,500
target of the “Digital Britain” Plan indirect and induced)
(*) Note:

ITIF:  Information Technology and Innovation Foundation
CITI:  Columbia Institute for Tele-Information

LSE:  London School of Economics

Source: Author.

Table 3 — Employment multiplier effects of studies relying on input-output analysis

Country Studies Type | Type Il
United States Crandall et al. (2003) N.A. 2.17
Atkinson et al. (2009) N.A. 3.60
Katz et al. (2009) 1.83 3.42
Switzerland Katz et al. (2008) 1.38 N.A.
United Kingdom Liebenau et al. (2009) N.A. 2.76
Germany Katz et al. (2010) 1.45 1.92

Note: Crandall et al. (2003) and Atkinson et al.(2009) do not differentiate between indirect and induced effects,
therefore we cannot calculate Type | multipliers; Katz el (2008) did not calculate Type Il multiplier because induced

effects were not estimated.
Source: Compiled by the author.

According to the sector interrelationships depicted above, a European economy appears to have lower
indirect effects than the US. Furthermore, the decomposition also indicates that a relatively important job
creation induced effect occurs as a result of household spending based on the income earned from the
direct and indirect effects.

While input-output tables are a reliable tool for predicting investment impact, two words of caution need
to be given. First, input-output tables are static models reflecting the interrelationship between economic
sectors at a certain point in time. Since those interactions may change, the matrices may lead us to
overestimate or underestimate the impact of network construction. For example, if the electronic
equipment industry is outsourcing jobs overseas at a fast pace, the employment impact of broadband
deployment will diminish over time and part of the counter-cyclical investment will “leak” overseas.
Second, it is critical to break down employment effects at the three levels estimated by the input-output
table in order to gauge the true direct impact of broadband deployment. Having said that, all these effects
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have been codified and therefore, with the caveat of the static nature of input-output tables, we believe
that the results are quite reliable.

2.3.2 Broadband positive externalities on job creation

Beyond the employment and output impact of network construction, researchers have also studied the
impact of network externalities on employment variously categorized as “innovation”, or “network
effects””. The study of network externalities resulting from broadband penetration has led to the
identification of numerous effects:

e New and innovative applications and services, such as telemedicine, Internet search,
. . . . 26
e-commerce, online education and social networking™.

»  New forms of commerce and financial intermediation®’.
. . 28
*  Mass customization of products™.
. . . .. . .29
* Reduction of excess inventories and optimization of supply chains®.
Business revenue growth.
+  Growth in service industries®

Most of the research regarding the impact of broadband externalities on employment has been
conducted using US data. There are two types of studies of these effects: regression analyses and top
down multipliers. The first ones attempt to identify the macro-economic variables that can impact
employmentaz, while the second ones rely on top-down network effect multipliers.

Among the econometric studies of employment impact, are Gillett et al. (2006), Crandall et al. (2007),
Shideler et al. (2007) and Thompson and Garbacz (2008). The evidence regarding broadband employment
externalities appears to be quite conclusive (see Table 4).

Again, the impact of broadband on employment creation appears to be positive. However, as the data
indicates, the impact on employment growth varies widely, from 0.2 per cent to 5.32 per cent for every
increase in 1 per cent of penetration. There are several explanations for this variance. As Crandall
indicated, the overestimation of employment creation in his study is due to employment and migratory
trends, which existed at the time and biased the sample data. In the case of Gillett et al. (2006),
researchers should be careful about analysing local effects because zip codes are small enough areas that
cross-zip code commuting might throw off estimates on the effect of broadband. For example, increased
wages from broadband adoption in one zip code would probably raise rent levels in neighbouring zip
codes prompting some migration effects. Finally, the wide range of effects in the case of Shideler et al.
(2007) is explained by the divergent effects among industry sectors.

% see Atkinson et al., 2009.

% Op. cit.

z Op. cit.

28 Op. cit.

» Op. cit.

%0 see Varian et al., 2002; Gillett et al., 2006.

31 See Crandall et al. (2007).

2 general, studies based on regression analysis do not differentiate between construction and spill-over effects.
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Table 4 — Research results of broadband impact on employment in the United States

Authors — Institution

Crandall et al. (2007) — | 48 states for the period For every 1% point increase in broadband penetration
Brookings Institution 2003-2005 in a state, employment is projected to increase by 0.2 to
0.3% per year “assuming the economy is not already at
'full employment"”

Thompson and Garbacz | 46 states during the period Positive employment generation effect varying by

(2009) — Ohio 2001-2005 industry

University

Gillett et al. (2006) — Zip codes for the period Broadband availability increases employment by 1.5%

MIT 1999-2002

Shideler et al. (2007) — Disaggregated county data An increase in broadband penetration of 1% contributes

Connected Nation for state of Kentucky for to total employment growth ranging from 0.14% to
2003-4 5.32% depending on the industry

Source: Author.

Beyond regression studies, “network effect” multipliers have been used to assess the impact of
broadband on job creation in a top down fashion. Within this group, key studies are Pociask (2002),
Atkinson et al. (2009) and Liebenau et al. (2009). Pociask (2002) and Atkinson et al. (2009) studies relied
on an estimated “network effect” multiplier, which is applied to the network construction employment
estimates. For example, Pociask relied on two multiplier estimates (an IT multiplier of 1.5 to 2.0 attributed
to a think tank and another multiplier of 6.7, attributed to Microsoft) and calculated an average of 4.1.
Similarly, Atkinson et al. (2009) derived a multiplier of 1.17 from Crandall et al. (2003). Though the top-
down approach allows estimation of the broadband impact, it does not have a strong theoretical basis.
Network effects are not built on interrelationships between sectors. They refer to the impact of the
technology on productivity, employment and innovation by industrial sector.

The methodological implications of these studies are that in order to properly measure the contribution
of broadband to job creation, it is advisable to have datasets that include time series for employment
level, broadband penetration, and related human capital statistics at a disaggregated level, such as
counties, departments, or administrative district>>.

Like the relationship between broadband and GDP growth, the contribution of broadband to employment
is also conditioned by a number of special effects. Studies have particularly focused on two specific
questions:

1. Does the impact on employment differ according to industry sector?
2. s there a decreasing return in employment generation linked to broadband penetration?

As with GDP, the spill-over employment effects of broadband are not uniform across sectors. According to
Crandall et al. (2007), the job creation impact of broadband tends to be concentrated in service
industries, (e.g., financial services, education, health care, etc.) although the authors also identified a
positive effect in manufacturing. In another study, Shideler et al. (2007) found that, for the state of
Kentucky, county employment was positively related to broadband adoption in the following sectors. The
only sector where a negative relationship was found with the deployment of broadband (0.34% — 39.68%)
was the accommodations and food services industry. This may result from a particularly strong
capital/labour substitution process taking place, whereby productivity gains from broadband adoption
yields reduced employment. Similarly, Thompson and Garbacz (2008) conclude that, for certain industries,

# See examples in case studies of Germany and Chile included in Sections 3.2 and 4.3.
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“there may be a substitution effect between broadband and employment”34. It should therefore be

considered that the productivity impact of broadband can cause capital-labour substitution and may
result in a net reduction in employment.

This particular effect has been analysed by this author in the case of rural economies of the United States.
In particular, it was found that, within rural counties, broadband penetration contributes to job creation
in financial services, wholesale trade, and health sectors. This is the result of enterprise relocation
enabled by broadband, which benefits primarily urban communities in the periphery of metropolitan
areas (Katz et al. 2010d).

In summary, research is starting to pinpoint different employment effects by industry sector. Broadband
may simultaneously cause labour creation triggered by innovation in services and a productivity effect in
labour intensive sectors. Nevertheless, we still lack a robust explanation of the precise effects by sector
and the specific drivers in each case. However, given that the sectoral composition varies by regional
economies, the deployment of broadband should not have a uniform impact across a national territory.

To sum up, some researchers have found a decreasing impact of broadband on employment. While Gillett
et al. (2006) observed that the magnitude of impact of broadband on employment increases over time,
they also found that the positive impact of broadband on employment tends to diminish as penetration
increases. This finding may support the existence of a saturation effect. Coincidentally, Shideler et al.
(2007) also found a negative statistically significant relationship between broadband saturation and
employment generation. This would indicate that at a certain point of broadband deployment, the
capability of the technology to have a positive contribution to job creation starts to diminish.

24 Creation of consumer surplus

There are some specific economic effects of broadband that are not necessarily captured by economic
growth or employment creation. This is the case of consumer surplus, which has also been found to be
affected by the positive externalities of broadband. Consumer surplus is defined as the amount that
consumers benefit from purchasing a product for a price that is less than what they would be willing to

pay.

To compare the gains in consumer surplus by an investment one has to compare the initial (before the
investment) consumer surplus with the consumer surplus at the end of the investment. During an
investment period consumer surplus may change because of two reasons. The first one is an outward-
shift of the demand curve and the second is a price reduction. The shift of the demand curve can occur
because of the broader penetration of high speed broadband. The price reduction is a result of
productivity gains and competition. In the case of deployment of high-speed broadband infrastructures,
competition becomes effective at the applications layer. This development is responsible for an increase
in consumer surplus in future periods compared to former periods.

Consumer surplus is the utility gain by consumers due to prices that are lower than their reservation
prices. In Figure 6 the consumer surplus is the area between the demand curve and the market price.
Consumers gain utility because they can purchase a product at a lower price than they are willing to pay.
The larger the area under the curve is, the more utility that consumers derive.

The price reduction may result from productivity gains and competition. More competition and market
saturation force producers to reduce prices. These two developments are responsible for increases in
consumer surplus. As indicated in Figure 6, the dark grey area represents the initial consumer surplus at
t = 0. The shift of the demand curve at t = 1 results in an additional consumer surplus (light grey area). The
whole consumer surplus in period 1 is the sum of the dark and light grey areas.

3 This effect was also mentioned by Gillett et al. (2006).
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The estimation of consumer surplus resulting from broadband penetration is important, but this
economic benefit is not captured by GDP. This approach has been utilized by Crandall and Jackson (2003)
to estimate the US consumer surplus derived from new services like shopping, entertainment and
telemedicine enabled by broadband infrastructure. Similarly, Lee and Lee (2006) relied on regression
techniques to estimate the consumer surplus for the Korean telecommunications market.

Figure 6: Consumer surplus
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Greenstein and McDevitt (2009) estimated the consumer surplus generated by broadband adoption in the
United States. In their analysis for the period between 1999 and 2006, the authors determined that in
2006 the consumer surplus generated by broadband represented USD 7.5 billion (or 27 per cent of the
total USD 28 billion in broadband surplus). This was calculated on the basis of what users would be willing
to pay to adopt broadband and substitute narrowband access. Consumer surplus can also be
conceptualized in terms of the benefits that broadband represents to the end user. The variables driving
willingness to pay include the rapid and efficient access to information, savings in transportation for
conducting transactions, and benefits in health and entertainment.

The authors also recently estimated the surplus generated as a result of broadband adoption in Canada,
United Kingdom, Spain, Mexico, Brazil and China (Greenstein & McDevitt, 2010). In this case, due to the
data limitations, they restricted their analysis to the benefit derived from price declines, which necessarily
underestimates its total impact. Nevertheless, the researchers determined that for 2009, the total
Brazilian broadband surplus represented USD 7.03 billion, of which 22 per cent should be considered to
be consumer driven. In the case of Mexico, the total surplus is USD 2.30 billion, and the consumer portion
was 8 per cent. In general terms, the authors concluded that the total broadband surplus is directly
related to broadband penetration.

2.5 Impact on firm efficiency

Converging with the aggregate macro-economic research, the microeconomic analysis of the impact of
broadband has helped understand the multiple effects that the technology has on firm performance.
Microeconomic research has yielded the following estimates of firm productivity enhancement (see
Table 5).

In addition to the impact on productivity, other microeconomic studies have focused on the impact of
broadband technology on business expansion, product innovation and new business creation. With
regards to business expansion, Clarke (2008) studied the impact of broadband access on exports of
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manufacturing and service firms. The author found that in the manufacturing sector firms with Internet
access enabled by broadband generate 6 per cent more foreign sales than the rest. In the service sector,
broadband enabled firms generate between 7.5 per cent and 10 per cent more sales.

In addition to increasing exports, broadband has been found to have a positive impact on the
development of new businesses. This results from the network effects of connectivity. When a large
enough number of households are connected to broadband, the incentive to develop new businesses
around information search, advertising and electronic commerce increases.

Table 5 — Broadband-induced productivity improvement

Industrial Sector E Business Impact on Share of Informational

Firm Productivity activities that involve
external parties

Manufacturing Atrostic and Nguyen (2006) ~5% ~25%
Services Rincén-Aznar et al. (2006) ~10% ~50%
Information Fornefeld et al. (2008) ~20% 100%

Source: Fornefeld et al. (2008).

The results of the microeconomic research have been utilized to estimate the impact of broadband on job
creation. Fornefeld et al., (2008) identified three ways that broadband impacts employment: first, the
introduction of new applications and services causes acceleration of innovation; second, the adoption of
more efficient business processes enabled by broadband increases productivity; and third, the ability to
process information and provide services remotely makes it possible to attract employment from other
regions through outsourcing. These three effects act simultaneously, whereby the productivity effect and
potential loss of jobs due to outsourcing are neutralized by the innovation effect and gain of outsourced
jobs from other regions.

Figure 7: Network effects of broadband on employment

e-business impact @ Macro-economic
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Source: Adapted from a model originally developed by MICUS in a report for the European Commission (see Fornefeld
et al., 2008)

According to Fornefeld et al. (2008), the negative effect of broadband productivity is compensated by the
increase in the rate of innovation and services, thereby resulting in the creation of new jobs. The third
effect may induce two countervailing trends. On the one hand, a region that increases its broadband
penetration can attract employment displaced from other regions by leveraging the ability to relocate
functions remotely. On the other hand, by increasing broadband penetration, the same region can lose
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jobs by virtue of the outsourcing effect. While we are gaining a better understanding of these combined
“network effects”, the research is still at its initial stages of quantifying the combined impact. The study by
Fornefeld et al. (2008) is probably the first attempt to build a causality chain. It applies ratios derived from
micro-economic research to estimate the combined impact of all effects.

2.6 Conclusion

A review of the research on the economic impact of broadband indicates multiple effects. First and
foremost, the evidence is fairly conclusive about the contribution of broadband to GDP growth. While the
amount of this contribution varies, the discrepancies can be related to different datasets as well as model
specifications. Secondly, broadband has been found to have an impact on the productivity at the firm
level. Evidence generated both at the micro-economic and macro-economic level appears to confirm this
effect. In addition, research has been successful in identifying the existence of a critical mass, indicating
the existence of increasing economic returns of broadband penetration. On the other hand, consistent
with the research at the ICT level, broadband economic impact could be mediated by a lag effect,
indicating that adoption does not automatically translate into growth but that it would require the
accumulation of intangible capital, defined as the changes in business processes and firm culture that lead
to assimilation of improved business processes.

Thirdly, broadband does contribute to employment growth, both as a result of network construction
programmes and following spill-over impacts on the rest of the economy. While the deployment
programmes are, as expected concentrated in the construction and telecommunications sectors, the
impact of externalities are greater in sectors with high transaction costs (financial services, education, and
health care).

Finally, beyond economic growth and job creation, broadband has a positive effect in consumer surplus in
terms of benefits to the end user that is not captured in the GDP statistics. These include efficient access
to information, savings in transportation and benefits in health and entertainment, and can be measured
in terms of the difference between consumers' willingness to pay for the broadband service and actual
prices.

In addition, the review of the literature confirms the existence of multiple methodological approaches
aimed at measuring such an impact. Input-output analysis has proven to be highly reliable tool to
estimate the counter-cyclical impact of broadband construction programmes. Econometric analysis, while
limited by data availability, has been proven effective in identifying the spill-over effects of broadband on
the rest of the economy. These results have been confirmed by micro-economic research that has
concluded outlining the impact of broadband in fostering efficiencies and value added opportunities at
the firm level.

As the review indicates, most of the research has so far been conducted in developed nations, either the
United States or Western Europe. The challenge going forward is to search for similar effects in
developing countries, where data availability remains an even larger challenge. In particular, this issue is
quite relevant for African countries. In the search for available information to conduct the quantitative
case studies presented below, this author encountered a lot of obstacles in identifying adequate datasets
for nations in Africa.
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3 Economic Impact of Broadband in Developed Countries: Case Studies

The following section presents research conducted by the author primarily at the aggregate macro-
economic level. It aims to validate the existence of economic impact of broadband on GDP growth and job
creation. It also includes the following case studies:

e United States: employment creation triggered by the Broadband Technology Opportunities
Program35.

s Germany: impact of the National Broadband Plan on economic growth and job creation®.
The methodologies37 utilized in these two cases are the following:

e Input/output analysis was utilized for estimating the employment and GDP impact of broadband
construction (in the United States and Germany).

e Micro-economic estimates, as utilized in the study commissioned to Fornefeld et al (2008) by the
European Commission, was relied upon for estimating the contribution to employment resulting
from broadband externalities.

* Econometric modelling, as utilized in several studies (including those conducted by authors
affiliated by the World Bank, the Brookings Institution, and MIT) was relied upon in the case of
broadband externalities impact on GDP and employment in Germany.

3.1 United States: employment creation as a result of the economic stimulus
programme

In the last few years, spurred by the economic crisis, many governments around the world have
implemented programmes aimed at deploying broadband in order to stimulate employment (see
Table 6).

In 2009, this author attempted to estimate the jobs that could be generated as a result of the grants to be
disbursed by the broadband provisions of the conference report on the American Recovery and
Reinvestment Act, published February 13, 2009. The study differentiated between jobs generated through
capital spending in the form of grants allocated to unserved/underserved areas, and employment created
as a result of network externalities caused by the deployment of such an infrastructure.

The study found that approximately 127,000 jobs could be created over a four year period from network
construction. According to the analysis, the investment of USD 6.390 billion®® will generate 37,283 direct
jobs over the course of the stimulus programme (estimated to be four years). In addition, based on a Type
| employment multiplier of 1.83, the bill could indirectly generate 31,046 jobs®. The split across sectors is
presented in Table 7.

% This analysis is based on prior research contained in Katz, R., and Suter, S. (2009a). Estimating the economic impact of

the broadband stimulus plan. Columbia Institute for Tele-Information Working Paper presented at a conference on
“Spending the Broadband Stimulus: Maximizing the benefits and monitoring performance” held at the National Press
Club in Washington, D.C. on February 19, 2009.

% This analysis is based on prior research contained in Katz, R. L., Vaterlaus, S., Zenhausern, P., Suter, S. (2010a). The

impact of broadband on jobs and the German economy. Intereconomics, January-February, Volume 45, Number 1,
26-34. The results were originally presented at the Confederation of German Industries in Berlin on June 17, 2009.

7 see review of methodologies utilized in Appendix A.

% An estimate of funds dedicated primarily to broadband deployment, as opposed to ancillary activities such as

broadband mapping.

¥ For methodology, see Katz et al (2009a).
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Table 6 — Counter-cyclical government programmes

Country Broadband Focus

United States | Launched the USD 7.2 billion broadband stimulus programme focused on providing service to
unserved and underserved areas

Australia Government plans to spend AUD 11 billion of total AUD 43 billion required for construction of
the National Broadband Network

Germany Government has announced a National Broadband Strategy with the objective to have
nationwide capable broadband access (1 Mbps) no later than the end of 2010 and provide
75 per cent of German households access to a broadband connection of at least 50 Mbps by
2014 (estimated investment: EUR36 billion)

Sweden Broadband government promotion provides financial incentives to municipalities to fund 2/3 of
total NGN investment (EUR864 million)

Portugal Government announced a EUR 800million credit line for the roll-out of NGAN. This is part of an
the first step in a EUR 2.18billion plan to boost the country's economy

Ireland The government will invest EUR 322 million in a National Broadband Scheme aimed
at completing country coverage

Canada Has relied on four programmes to promote broadband development resulting in an overall
investment of CAD 300 million

Finland Government funds one-third of the NGN project cost (USD 130.73 million)

New Zealand Government funds USD 458,12 million investment to boost fibre over the next five years

Source: Author.

Table 7 — United States: Type | employment effects of Broadband Stimulus Bill

Sectors Jobs created

Direct Employment Electronic equipment 4,242
Construction 26,218
Communications 6,823
Subtotal 37,283
Indirect Employment Distribution 9,167
Other market/non-market services 8,841
Transportation 1,536
Electronic engineering 959
Metal products 1,839
Other 8,704
Subtotal 31,046
Total Type | Employment 68,329
Type | multiplier (Direct+Indirect)/direct employment 1.87

Source: Adapted from Katz et al. (2009a).

The combination of direct (37,283), indirect (31,046) and induced jobs (59,500) yielded a total
employment impact of 127,800 jobs over a four-year period. The average annual employment generation
effect is 31,950 jobs per year.
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In addition, to network construction, the investment in broadband would trigger new jobs as a result of
spill-over effects on the rest of the economy. The calculation of spill-over effects was performed by
selecting those states in the US where the per cent of residential households which have access to at least
one broadband supplier (that is to say telco or cable, primarily) is 93 per cent or less.*® There are 18 states
that lag the national average broadband penetration significantly: while broadband in those states has
been adopted by 47 per cent of households (or 21 per cent of the population), the US average is 62 per
cent (or 25 per cent of the population). The assumption utilized to estimate the employment network
effects of the stimulus programme was that it would deploy enough lines to allow these eighteen states
to reach the national average, meaning that 3,928,000 subscribers would be added to the existing base™.

As reviewed above, the estimation of network effects needs to be done stepwise by accounting for jobs
that will be gained as well as those that could be lost. Network effects driven job gains in the targeted
regions result from three combined trends: innovation and the creation of new services, attraction of jobs
(from either other US regions or overseas), and productivity enhancement.

The impact of innovation on the professional services sector was estimated by applying the ratio of
productivity gains to the creation of new employment.42 Then this effect is applied to the economy of the
targeted states as a whole. As a result, the following effect is predicted (see Table 8).

Table 8 — United States: Jobs gained due to the innovation effect resulting
from increased broadband penetration

2008 2009 ‘ 2010 2011 2012 Total
Total employment 30,123,300
Employment likely to be affected 25,165,000
by outsourcing trend
Growth rate in broadband 9% 8% 7% 6%
penetration
Jobs gained by creation of new 55,000 47,000 40,000 33,000 175,000
business services
Jobs gained as a result of new 64,000 55,000 46,000 38,000 203,000
economic activity
Total jobs gained 119,000 102,000 86,000 | 71,000 378,000

Source: Adapted from Katz et al. (2009a).

The impact of broadband on outsourcing operates in two directions: broadband can facilitate the
attraction of new jobs and it can enable the relocation of others in regions other than the one being
targeted. Assuming the same rate of broadband penetration as utilized in the calculation of the
innovation effect, the gains and losses due to enhanced outsourcing can be estimated (see Table 9).

0" See FCC Table 14 of HSPD1207. We have been informed that Table 14 actually overestimates the accessibility percent

by approximately 2% because cable TV operators tend not to report accurate deployment numbers.

" There is a large gap between households served by at least one broadband technology (average 89%) and broadband

penetration (47%).If the ratio households served/adopted (1.90) remains, the capacity to serve 7,463,200 additional
households should be deployed in order to increase the subscriber base by 3,928,000. This is well within the bounds of
the total grants of the program.

42 . . . . .. .
Innovation is assumed to occur in the sectors and functions where productivity improvement takes place.
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Table 9 — United States: Jobs gained and lost due to accelerated outsourcing resulting
from increased broadband penetration

‘ 2008 2009 2010 ‘ 2011 2012 Total
Total employment 30,123,300
Employment likely to be 25,165,000
affected by outsourcing trend
Growth rate in broadband 9% 8% 7% 6%
penetration
Jobs gained 49,000 44,000 38,000 33,000 164,000
Jobs lost 82,000 73,000 64,000 55,000 274,000
Net (33,000) (29,000) (26,000) (22,000) | (110,000)

Source: Adapted from Katz et al. (2009a).

The resulting net number of jobs lost due to outsourcing (110,000) overestimates the economic
disadvantage of the targeted 18 states. Their position in a ranking of salary differentials and cost of living
indicates that they tend to be in the bottom quartile of the distribution. This would lessen the impact of a
negative outsourcing trend. However, it is important to consider the impact that broadband may have in
the potential displacement of jobs. Furthermore, given the fact that broadband may also cause job
growth in the targeted area, one might assume that pro-active employment relocation policies could
increase the number of jobs created. It should be noted that job outsourcing could take place within
national markets, such as the entire US territory, in which case jobs lost in one state will be gained in
another one. Additionally, outsourcing gains could occur internationally. By tapping into new labour pools
and lowering labour costs, broadband could help the United States regain some of the jobs originally lost.

As a result of the uncertainty regarding the amount of jobs that be gained or lost, it is prudent to build
two additional scenarios (an optimistic and a mid-course one) to be considered with the one derived
above, which is considered to be pessimistic (see Table 10).

Table 10 — United States: Alternative scenarios regarding outsourcing impact

2009 2010 2011 2012 Total
Pessimistic Scenario (33,000) (29,000) (26,000) (22,000) (110,000)
Mid-course scenario 8,000 7,500 6,000 5,500 27,000
Optimistic scenario 49,000 44,000 38,000 33,000 164,000

Source: Adapted from Katz et al. (2009a).

The optimistic scenario assumes that the eighteen states' comparative advantage regarding factor
costing, combined with labour retention policies, are sufficient to cancel out the trend toward job
displacement. The mid-course scenario represents the mid-point between the pessimistic and optimistic.

In addition, increased adoption of broadband has an impact on productivity because it is an enabler of
more efficient business processes. To calculate the productivity impact, the methodology derived by
Fornefeld et al. (2008), which is based on empirical firm-level study of sectoral productivity improvements
resulting from adopting online services, was applied. By differentiating the productivity impact in
manufacturing (5%), professional and information services (20%), and the rest of the service sector (10%)
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and applying these ratios to sectoral employment, the jobs that could be lost as a result of broadband
diffusion was calculated®.

Assuming that the stimulus programme causes the same rate of broadband penetration in the targeted
areas, we were able to calculate the jobs lost due to the increased adoption of more efficient processes,
enabled by broadband (see Table 11).

As Table 10 indicates, the productivity effect resulting from increased broadband penetration could result
in 266,000 jobs lost over four years.

The compilation of all employment effects calculated through the analysis reviewed above results in the

following numbers:

Table 11 — United States: Jobs lost due to productivity improvement resulting
from increased broadband penetration

2008 2009 2010 2011 2012 Total
Manufacturing and Services 25,661,000
Employment
Professional and Information 3,860,000
Services
Growth Rate in BB penetration 9% 8% 7% 6%
Broadband penetration 48% 52% 56% 59% 62%
Jobs lost in professional and 19,000 17,000 15,000 13,000 64,000
information services
Jobs Lost in other sectors 61,000 54,000 47,000 40,000 202,000
Total jobs lost 80,000 71,000 62,000 53,000 266,000

Source: Adapted from Katz et al. (2009a).

Table 12 — United States: Total employment impact of the broadband stimulus plan

2009 2010 2011 2012 Total
Direct effects 9,325 9,325 9,325 9,325 37,300
Indirect effects 7,750 7,750 7,750 7,750 31,000
Induced effects 14,875 14,875 14,875 14,875 59,500
Network effects (optimistic) 87,000 74,000 62,000 50,000 273,000
Network effects (mid-estimate) 46,000 37,500 30,000 22,500 136,000
Network effects(pessimistic) 5,000 1,000 (2,000) (5,000) (1,000)
Total (optimistic) 118,950 105,950 93,950 81,950 400,800
Total (mid-estimate) 77,950 69,450 61,950 54,450 263,800
Total (pessimistic) 36,950 32,950 29,950 26,950 126,800

Source: Adapted from Katz et al. (2009a).

3 See methodology in Appendix B.2 of Katz et al. (2009a).
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These estimates allow drawing the following conclusions for the network construction job creation:

* The deployment of broadband accesses resulting from the stimulus programme has moderate
direct employment effects (37,300 jobs over a four year period).

e Indirect and induced multipliers are important, generating a total of 127,800 jobs over four years.

* While, on aggregate, the estimate of Type Il multipliers is close to Atkinson et al. (2009), the
calculation of indirect effects (impact in other sectors of the economy based on
interrelationships) is more conservative, and the induced effects (derived from household
spending) appear to be a bit more optimistic. This is because the estimation of induced effects is
based on sector-specific multipliers rather than aggregates.

e The great part of the difference between the projections for the number of total network
construction jobs and those of Atkinson et al. (2009), (229,475 versus 127,800), is due to the
difference in the absolute size of the stimulus initially assumed (USD 10 billion versus
USD6.4 billion).

e Therefore, it is considered that the estimates for jobs created as a result of network construction
are quite robust.

When moving to the estimation of network externalities, one should observe the wide range of network
effects in this study. The estimates of network effects range from close to nil to a much more optimistic
scenario than Atkinson et al. (2009). As a result, the broadband stimulus could either lead to no
externalities or the creation of up to 273,000 jobs in four years. This number exceeds Atkinson et al.
(2009) estimates for a USD 10 billion programme (268,480 jobs).

In summary, by ranging the potential success in attracting jobs as a result of outsourcing, a high level of
uncertainty is introduced in the final estimate. Since increased broadband penetration has an impact on
productivity and outsourcing (which can result in job destruction), unless the innovation and in-sourcing
programmes are effective in promoting growth and job creation, any network effects can be significantly
eroded. As a result, in order to be successful the broadband stimulus programme needs to be coordinated
with other employment generation initiatives.

3.2 Germany: The impact of the national broadband plan on employment and
economic growth

This case study quantifies the macroeconomic impact of investment in broadband technology on
employment and output of Germany’s economy. Two sequential investment scenarios are analysed: the
first is based on the national broadband strategy announced by the German Government in 2009. It aims
to provide 75 per cent of German households with access to a broadband connection of at least 50Mbps
by 2014. The second scenario (labelled “ultra-broadband” and covering 2015-2020) defines the
investment required to provide to 50 per cent of households with at least 100 Mbps, and another 30 per
cent with 50 Mbps by 2020.

In order to estimate the impact resulting from the construction of broadband infrastructure required to
meet the strategy targets, the investment is broken down in three primary sectors of the economy that
receive the lion’s share of benefits: manufacturing of electronic equipment, construction and
telecommunications.

Fulfilling the 2014 objectives of the national broadband strategy is estimated to generate 304,000 jobs
over five years (between 2010 and 2014).* Following the breakdown of the construction effects, 158,000
jobs will be created in equipment manufacturing, construction and telecommunications. We estimate that

% Given the static nature of 1/O-matrix it is not possible to project job creation over time. This could be done, however, if

yearly investment data is available.
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job creation will be apportioned among the sectors as follows: construction will benefit the most with
125,000 jobs, followed by telecommunications (28,400) and electronics equipment manufacturing
(4,700).

Total indirect jobs generated by sector interrelationships are 71,000. The key sectors benefited from the
indirect effects are distribution (10,700), other services (17,000) and metal products (3,200). Finally,
household spending generated directly and indirectly, will result in 75,000 induced jobs. Based on these
estimates, the Type | multiplier for employment is 1.45 and Type Il is 1.92.

Additionally, the implementation of the expected ultra-broadband evolution will generate 237,000
incremental jobs between 2015 and 2020. This figure is distributed similarly to the one above: it
comprises 123,000 in direct jobs, 55,000 indirect jobs and 59,000 in induced jobs. As expected, multipliers
will be similar, the Type | multiplier for employment is 1.45 and Type Il is 1.93. Table 13 presents all the
employment effects reviewed above:

The sector impact of direct and indirect effects is included in Table 14.

As Table 14 indicates, the labour intensive nature of broadband deployment causes significant creation of
construction jobs. Despite the high-technology nature of the ultimate product, broadband is to be seen as
economically meaningful as conventional infrastructure investment such as roads and bridges.

Table 13 — Germany: Total employment impact of broadband network construction

Type of Impact 2014 National broadband 2020 Ultra-broadband
strategy evolution
Direct effect 158,000 123,000 281,000
Indirect effect 71,000 55,000 126,000
Induced effect 75,000 59,000 134,000
Total 304,000 237,000 541,000
Type | multiplier 1.45 1.45
Type Il multiplier 1.92 1.93

Source: Adapted from Katz et al. (2010a).

Table 14 — Germany: Sector impact of direct and indirect job creation

2014 National broadband 2020 Ultra-broadband
strategy evolution
Construction 125,000 99,000 224,000
Telecommunications 28,400 21,000 49,400
Other services 17,000 13,000 30,000
Distribution 10,700 8,400 19,100
Metal products 4,800 3,700 8,500
Electronics equipment 4,700 3,400 8,100
Electrical equipment 3,200 2,500 5,700
Financial services 3,000 2,000 5,000
Other 32,200 25,000 57,200
Total 229,000 178,000 407,000

Source: Adapted from Katz et al. (2010a).

In addition to estimating employment effects, industrial output and GDP impact were also calculated. The
investment required to meet the targets of the 2014 Broadband strategy, (EUR 20,243 million), will
generate additional production totalling EUR 52,324 million. This means that for each Euro invested in
broadband deployment, EUR 2.58 will be generated in output. Of this, EUR 4,146 million (8 per cent of
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total output) will be based on imported goods. This indicates a relatively low level of output “leakage” to
other national economies. Of the remaining production, EUR 18,733 million would be additional GDP
(+0.15%). Again, each Euro invested in broadband deployment will trigger 0.93 per cent in additional
value added, or incremental GDP. Table 15 compiles the economic impact of the 2014 and 2020 targets:

Table 15 — Germany: Industrial output of broadband construction (in EUR millions)

2014 National broadband 2020 Ultra-broadband
strategy evolution
Investment 20,243 15,690 35,933
Total additional production 52,324 40,749 93,073
* Domestic 48,178 37,609 85,787
Additional Value added 18,733 14,631 33,364
Intermediate outputs 29,466 22,978 52,444
* Imported 4,146 3,148 7,294

Source: Adapted from Katz et al. (2010a).

To sum up, the incremental GDP growth achieved by investing in broadband deployment would amount
to EUR 33,364 million (which represents +0.12 per cent of the German GDP). This amount does not
include the additional impact to be achieved once the network construction is completed.

The author also found that the network externalities of broadband, (that is to say, the positive effects in
employment and economic output resulting from enhanced productivity, innovation and value chain
decomposition), are significant throughout Germany. The analysis of these effects examined the relation
between broadband penetration and economic growth and job creation. It has found that the economic
stimulus impact of broadband is highest in the first year after deployment and tends to diminish over time
(see Figure 8).

Figure 8: Conceptual depiction of broadband externalities

L

Economic Impact

|—
O

/] [ | |
Increase in BB T+l T+2 T+3 T+4
penetration

Source: Author

Results of the regression analysis for national time series between 2000 and 2006 indicate with high
significance levels that there is a strong impact of broadband penetration on GDP growth, which tends to
diminish over time. On the other hand, results regarding the impact of broadband penetration on
employment creation carry a low level of significance. Therefore, they do not allow us to indicate the
existence of causality with certainty.
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In addition, by splitting the national territory into two groups, counties with 2008 average broadband
penetration of 31 per cent of population and counties with average broadband penetration of 24.8 per
cent, the analysis determined that the type of network effects of broadband varies by region. In high
broadband penetrated counties the short-term impact of the technology is very high both on GDP and
employment, but it declines over time. This “supply shock” is believed to occur because the economy can
immediately utilize the new deployed technology. Furthermore, the fact that employment and GDP grow
in parallel indicates that broadband has a significant impact on innovation and business growth, thereby
overcoming any employment reduction resulting from productivity effects.

On the other hand, in counties with low broadband penetration the impact on GDP of broadband
penetration is lower than in high penetrated areas in the short term, but “catches up” to comparable
levels over time. The impact of broadband on employment is slightly negative in the initial years. This
indicates that the impact of broadband in low penetration areas is more complex than in the high
penetration areas. The increase in broadband penetration in low penetrated areas takes longer to
materialize economic growth because these economies require a longer period of time to develop and
fully utilize the technology. However, after three years the level of impact of broadband in low penetrated
regions is as high as in the more developed areas. Negative initial employment growth appears to indicate
that the productivity increase resulting from the introduction of new technology is the most important
network effect to begin with. However, once the economy develops, the other network effects
(innovation and value chain recomposition) start to play a more important role, resulting in job creation®.
Therefore broadband deployment in low penetrated areas will likely generate high stable economic
growth (“catch up” effect) combined capital/labour substitution, which initially limits employment growth
(“productivity” effect). Figure 9 presents in conceptual fashion a comparison of impact in both regions.

Figure 9: Conceptual view of comparative broadband regional effects®
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Source: Adapted from Katz et al. (2010a).

S This said, the available data sets do not enable us to test this last point at this time.

8 Only effects up to t + 3 are estimated.
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These differentiated effects were used to estimate the impact of broadband on economic growth and
employment are estimated. It was stipulated that broadband penetration in advanced areas would
increase from 31 per cent in 2008 to 45.9 per cent in 2014, while the low penetration areas will increase
from 24.8 per cent to 37.4 per cent. This trend is largely driven by the coverage of “white spots” and an
improvement of service in “grey spots”47. Together, these improvements amount to an incremental
increase in penetration of approximately 25 per cent in both regions between 2008 and 2011.%%,

The per cent increase was inputted in the regression models specified for the time series 2000-2006.%
The regression models estimate an incremental annual GDP growth rate of 0.61 percentage points for low
penetrated counties and 0.64 percentage points for high-penetrated counties, which over three years
amounts to 1.93 per cent and 1.82 per cent respectively. These incremental percentage point increases
were applied to the GDP of both regions (estimated to be EUR 1,698 billion for high penetrated counties
and EUR 791 billion for low penetrated counties). This represents an incremental GDP of EUR 32,809
million for high-penetrated counties and EUR 14,375 million for low penetrated counties. In sum, the total
incremental GDP is EUR 47,184 million (+0.62%) in three years.

Following the same methodology, it is estimated that 162,000 jobs will be created. More developed
broadband areas are expected to gain 132,000 and the low penetrated regions 30,000.%° The differentials
across regions are driven by the divergent effects discussed above.

As discussed throughout the review of the study projections, the estimates were generated for several
years and dependent on stages of network deployment. For example, the projected 541,000 jobs due to
network construction do not occur all in one year but over a ten-year period. To understand the yearly
impact of the estimates, a table that displays the yearly impact over time is included (see Table 16).

47 . . . . . . .
"White spots" are defined as areas lacking wireless service, while “grey spots” are the areas with uneven coverage.

B A cautionary note should be made that in order to translate infrastructure deployment programs into increased

broadband penetration, network construction should be complemented with very targeted demand promotion
programs (be they community aggregation programs such as the ones of the Dutch government, tax deductions such as
the ones implemented in Sweden, and, potentially, subsidies) that stimulate adopters to sign up for service.

% g gdp_03_06 = p1*gdp_pc_2000 + B2*g_pop_00_06 + B3*g_bbpen_02_03

g_emp_03_06 =B1*gdp_pc_2000 + B2*g_pop_00_06 + B3*g_bbpen_02_03

* While it is not possible to determine, as in the case of network construction, what type of sectors would be mostly

impacted by network externalities, experience indicates that higher developed areas will generate knowledge-intensive
occupations such as R&D and product development, while less developed regions will attract low-end information
intensive jobs, such as virtual call centers.
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Table 16 — Germany: Employment and economic impact per annum

|z|m| |m1 [mz |zn1s |m4 |zn1s [mc |zn11 |zn1| | 2018 ] ]'rum
EMPLOYMENT (in thousands)

N ational 60.8 608 60.8 60.8 608 304.0
y 5 Strategy
23 [t 395 395 |[395 |395 |[395 |395 2870
£ & | Broadband
Z5

(&)

Total 60.8 608 60.8 60.8 608 395 395 395 395 395 395 1.0
Network extemalities 24.0* 35.0% 44 0% 540 540 540 540 540 54.0 4270
Total 60.8 608 848 958 104 .8 935 935 935 935 93.5 935 968.0

GROSS DOMESTIC PRODUCT (in Billion Euros)

< | National 3.8 3.8 38 38 3.8 18.8
x § | Stategy
55
z % Ultra 24 24 24 24 24 24 14.6
Z £ | Bmadband

© Total 38 38 38 3.8 38 24 24 24 24 24 24 334
Network extemalities 139 | 145 |19 |157 |187 |157 |157 |157 |157 | 1375
Total 38 38 17.7 18.3 18.7 181 181 18.1 181 18.1 181 1709

* Some overiaoning of effects assumed

Source: Adapted from Katz et al. (2010a).

Based on these figures, the net employment effects over two time periods were calculated (see Table 17).

Table 17 — Germany: Employment effect over time (in thousands)

Network Construction Network externalities
Direct Indirect Induced Total
2010-14 158 71 75 304 103 407
2015-20 123 55 59 237 324 561
Total 281 126 134 541 427 968

Source: Adapted from Katz et al. (2010a).

Between 2010 and 2014 407,000 jobs will be created and between 2015 and 2020 561,000 jobs will be
created”. The growth in impact over time is due to the fact that between 2015 and 2020, additional ultra-
broadband lines are deployed as part of the second phase of the national strategy.

To sum up, the national broadband strategy and the expected evolution of ultra-broadband through 2020
will have a significant impact on jobs and GDP of the German economy. It is estimated that a total
investment of nearly EUR 36 billion will generate a total of 968,000 incremental jobs, of which 541,000
will be derived from the network construction required to meet the stipulated targets. An additional
427,000 will be generated after the network is deployed due to enhanced innovation and new business
creation. From an incremental economic growth standpoint, network construction will yield additional
value added of EUR 33.4 billion, while network externalities will result in an additional EUR 137.5 billion.

' Three remarks are noteworthy: First, it is obvious that, while total projections have been split evenly over time, one

would expect yearly projections to vary. For example, more jobs are generated in the beginning of network deployment
than in the back-end. This would require further refinement of these projections that takes into account construction
plans. Second, as mentioned above, in order to avoid double counting with respect to network construction effects in
the first years and to assure a conservative calculation some of the totals have been reduced. Third, we assume that the
regression model is capable of projecting economic impact over a three year period with effects through 2020 following
suite.

28



Impact of broadband on the economy

4 Economic Impact in Developing Countries: Case Studies

The following section compiles research conducted by the author primarily at the aggregate macro-
economic level. It aims to validate the existence of economic impact of broadband on GDP growth and job
creation in developing countries. It includes the following case studies:

e Latin America and the Caribbean: contribution of broadband to GDP growthsz.
e Brazil: the impact of broadband on employment and economic growthsa.

Chile: the impact of broadband on employment and economic growth™*.

e Dominican Republic: the contribution of broadband to employment growth.

e Arab States: impact of broadband on economic growth.

e Saudi Arabia: the impact of broadband on employment.

* India: the impact of broadband on employment and economic growth.

e Malaysia: the impact of broadband on economic growth.

e China: the relationship between broadband deployment and economic growth.
* Indonesia: the contribution of broadband to employment growth.

As it can be seen, in the case of Latin America, first a regional model was constructed to identify
broadband contribution to the sub-continent. This was followed for specific modelling exercises for Brazil,
Chile and the Dominican Republic. In the case of the Arab States, a general model was developed,
followed by a quantitative case study on Saudi Arabia, and qualitative studies based on descriptive
statistics on Jordan, United Arab Emirates and Qatar. In the case of Asia, only case studies were
developed for a selected set of countries.

In all of the case studies mentioned in the list above, the analysis was conducted based on econometric
modelling similar to the one utilized for the studies conducted by researchers affiliated with the World
Bank, MIT, and the Brookings Institution. In applying this approach in developing countries, the study is
confronted with major methodological problems due to the lack of sufficiently large time series and
sample sizes and sufficiently disaggregated indicators. For example, in the case of developed countries,
Katz et al. (2010a) were able to rely on over 424 observations regarding economic, control and broadband
variables for German counties. This situation is rarely the case in the emerging world. This is why the
results that will be presented in the next section need to be prefaced with a word of caution. Sample sizes
lower than 30 observations limit the robustness of estimates. In five of the twelve models presented
below (economic growth for Latin America, economic growth and employment creation models for Chile,
employment creation model for the Dominican Republic, and economic growth for the Arab States), the
number of observations exceeded this threshold.

Secondly, the lack of time series does not allow the construction of models based on simultaneous
equations, such as the one developed by Koutroumpis (2009). As a result, it is difficult to control for

2 This analysis was originally published in Katz, R.L. “The contribution of broadband to economic development”, in Jordan,

V., Galperin, H. and Peres, W. (2010). Fast-tracking the digital revolution: Broadband for Latin America and the
Caribbean, published by the Economic Commission for Latin America and the Caribbean (ECLAC) and DIRSI.

> This analysis is based on prior research contained in Katz, R. L. (2010b). La banda ancha: un objetivo irrenunciable para

Brasil presented at the 540 Panel Telebrasil. Guaruja, on August 18, 2010.

** This analysis was originally published in Katz, R.L. “The contribution of broadband to economic development”, in Jordan,

V., Galperin, H. and Peres, W. (2010). Fast-tracking the digital revolution: Broadband for Latin America and the
Caribbean, published by the Economic Commission for Latin America and the Caribbean (ECLAC) and DIRSI.
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endogeneity. The only approach that could be relied upon for this issue was a cross-lagged regression™.
The authors recognize that this methodology has some limitations regarding endogeneity control.

Thirdly, recognizing that the contribution of broadband to GDP growth increases with penetration, it is
pertinent to assert that at adoption levels as low as the ones pervading the emerging world up to 2008
the economic effects could be quite limited>®.

4.1 Latin America: Contribution to regional economic growth

In a prior paper, this author presented a simple regression model linking Latin American broadband
penetration and economic development57. In this case, this author attempted to advance the research by
developing a multi-variate equation based on the endogenous growth model®®. This model has been used
by several authors to assess the impact of broadband and other telecommunications technologies on a
country's economic growtth.

4.1.1 Multivariate Regression Analysis:

Given the lack of available time series data regarding broadband penetration in Latin American
countries®, the author chose to conduct a cross-sectional analysis with pooled data for the period 2004-
2009, relying on ordinary least squares with robust errors. Two problems needed to be addressed with
this type of analysis. The first problem is that the constant term in a linear regression does not capture the
potential differences among countries. One possible solution is to rely on panel data, which allows control
for the country idiosyncratic factors. However, the limited availability of data prevented the author from
relying on this approach. Yet, by including variables such as technology (e.g. broadband) and the level of
openness of the economy, it is expected that problems linked to the omitted variables be mitigated.

The second problem has to do with the endogeneity between GDP per capita and broadband penetration.
Ideally, the author would have liked to tackle this problem by relying on an approach similar to
Koutroumpis (2009), who implemented a simultaneous equations model that endogeneizes the decision
to deploy broadband as a function of GDP per capita, pricing, competition and regulation. However, given
the lack of time series data on pricing and competition for Latin American countries, it was impossible to
use this approach. Therefore, to control for this problem the analysis was based on the lag of the
broadband penetration variable.

> see definition of cross-lagged regression methodologies in Appendix A, Section A.2.

*® |n that vein, it was only at the beginning of the current century, after more than forty years of intense adoption of

computers, that growth accounting economists were able to finally show the impact of ICT on US productivity
(Jorgenson et al., 2007).

" See Katz, 2009d.

% See Barro, 1991.

¥ See Qiang & Rossotto, 2009; Crandall et al., 2007; Garbaz et al., 2008.

% Broadband penetration data for the majority of Latin American and Caribbean countries after 2003 is available

(25 countries included in the sample).
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The following variables were used (see Table 18):

Table 18 — Latin America: Variables utilized to measure broadband impact on economic growth

Type of variable Data set Source Rationale
Economic growth GDP (2004-6) and GDP World Bank and Central Banks Dependent variable
(2007-9)
Level of economic | GDP per capita for 2003 and | World Bank Control measure for
development 2006 starting point of growth
Control for Average Investment / GDP World Bank Control measure for
Investment for (2001-3) and (2004-6) differences in investment
levels
Population growth | Population growth for World Bank Control measure for
(2004-6) and (2007-9) differences in population
size
Human Capital Tertiary education (2002) Unesco, Earthtrends, University | Control measure for
of West Indies, Euromonitor, differences in human
Government of the capital
Commonwealth of Dominica
Globalization Average globalization index | Dreher et al. (2008). Measuring | Control measure for
for (2001-3) and (2004-6) globalization. NY: Springer. differences in level of
openness (economic,
social and political)
Broadband Fixed Broadband ITU and National Regulatory Independent variable
penetration penetration growth Agencies
growth (2003-4) and (2005-6)

Source: Author.

The dataset relied upon is included in Appendix C. The model results are as follows:

Table 19 - Latin America: Broadband impact on economic growth

GDP growth Coefficient Standard T-statistic P>[t] 95% Conf. interval
error
Broadband penetration growth .0158715 .0080104 1.98 0.054 —.0002942 | .0320372
Average Investment / GDP —.0471624 .1689699 -0.28 0.782 —.3881575 | .2938328
Population growth -.4469177 1.40418 -0.32 0.752 —3.280668 | 2.386832
Human capital .2139614 .1108325 1.93 0.060 —-.0097076 | .4376304
Level of development —-.0006957 .0001806 -3.85 0.000 —-.0010602 | —.0003313
Globalization —-.0653024 .1929498 -0.34 0.737 —.4546908 .324086
Constant 13.02883 12.04659 1.08 0.286 —-11.28217 | 37.33982
Number of observations 49

F(6,42) 7.18

Prob>F 0.0000

R2 0.3814

Root MSE 7.024

Source: Author.
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The coefficient of broadband penetration was positive and significant. According to this, an increment of
1 per cent on the penetration of broadband services could generate an additional 0.0158 to the GDP
growth of the regionsl. This econometric estimate was used to calculate the contribution of broadband to
the growth of GDP in Latin America and the Caribbean. Based on IMF projections, the economic growth in
the region between 2009 and 2010 will be 3.4 per cent, resulting in an aggregate GDP of USD 3,925
billion. The model specified above indicates that the elasticity of broadband with regard to GDP growth is
0.0158per cent 2 In light of the possibility of sample bias and given the lack of time series, it is advisable
to define a reasonable elasticity range. The author believes that an appropriate choice would span from
the estimate derived in this study to that derived by Koutroumpis (2009) for OECD countries with
broadband penetration lower than 20 per cent: 0.008 per cent. Thus, by relying on both estimates and
considering the growth of broadband in the region, (37 per cent per annum between 2007 and 2009), we
conclude that the technology contributed between USD 6.7 billion and 14.3 billion. This impact includes
direct effects from the telecommunications industry and indirect spill-overs.

4.1.2 Case studies

In addition to the cross-sectional analysis presented above which proves in the aggregate that broadband
has a contribution to economic growth, research also should focus on the specific effects by country. It is
expected that, given the particularities of each nation, the economic impact of broadband might be of a
different nature. The following set of case studies provides a first view of broadband’s impact at the
country level.

4.1.2.1 Brazil: The impact of broadband on economic growth and employment

To estimate the economic impact of broadband in Brazil, it was attempted to replicate the analysis
conducted at the country level for Germany to an emerging country. However, the lack of disaggregated
data prevented the specification of a model with robust estimates due to the limited number of
observations. As a result, the model built to estimate the impact of broadband on the Brazilian GDP
growth relied on a database for the 27 states of Brazil. It contained the following information (see
Table 20):

Table 20 — Brazil: Variables used to measure the impact of broadband on GDP growth

VELEL]S Series Source Observations
Economic growth Regional GDP per capita IBGE® Dependent variable
(2006-7)
Level of economic GDP per capita (2002) IBGE Control variable used to determine the
development starting point of development
Human capital Illiteracy rate 2002 IBGE Control variable to determine

differences in human capital

Interstate trade costs Cost index for inter-state Newton de Castro | Control variable to determine
trade costs (2004) differences in cost of transportation of
goods
Business creation Costs to create a new Lima Chagas Control variable to determine
business (2009) environmental differences in the

creation of new businesses

61 . e . . . . .
Alternative specifications were used including primary and secondary education enrollment rates as proxy for human

capital, but only the model including tertiary education resulted significant.

82 This is indicative for a period without major economic crises, since the model was run for the period 2004-9.

8 |nstituto Brasileiro de Geografia e Estadistica.
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Variable Series Source Observations
Change in economic Average of Gini IBGE Control variable to determine
inequality coefficient (2004-5) differences in income distribution
Growth of household Fixed Broadband Household Survey | Independent variable
broad.penetration penetration A (2005-6) (IBGE)

Source: Adapted from Katz (2010b).

The methodology used to calculate the penetration of broadband by state follows the methodology
proposed by IPEA (Instituto de Pesquisa Economica Aplicada) (2010)**. The state-wise penetration was
calculated using data from the National Survey of Households administered by the IBGE (/nstituto
Brasileiro de Geografia e Estatistica) for the years 2005 and 2008%. Each response in the survey was
linked to only one household, thus eliminating the possibility of over-estimation. Finally, the compound
annual growth rate was calculated to construct the broadband penetration growth variable.

The results are as follows:

Table 21 - Brazil: Impact of broadband on GDP growth

GDP Growth (2006-7) Coefficient Standard error T-statistic
Economic development —0.0007415 0.0002883 -2.57 0.018**
Human capital —0.4950848 0.2323575 -2.13 0.046**
Interstate trade costs —0.0004711 0.0009957 -0.47 0.641
New business creation —0.0009246 0.0072004 -0.13 0.899
Change in economic inequality 32.67246 46.25561 0.71 0.488
Broadband penetration A (2005-6) 0.0082117 0.0500811 0.16 0.871
Constant 10.06483 19.50307 0.52 0.611
Number of observations 27

F(6,20) 5.84

Prob>F 0.0012

R® 0.2880

Root MSE 4.4716

Source: Adapted from Katz (2010b).

As the results indicate, the statistically significant variables with appropriate signs are the 2002 State GDP
and illiteracy rate. In accordance with Barro’s economic growth theory, the 2002 State GDP is negative,

®  The 2005 and 2008 National Household Survey “Pesquisa Nacional por Amostra de Domicilios" contains a question

regarding access to broadband in households. The survey has two sections, individuals and households, the “Broadband
Access” question is included in the latter. Because identification variables are included in the first section of the survey,
individuals, this question and the identification variables could be matched quantitatively. Finally, using the factors of
expansion located on the first section of the survey, broadband penetration was calculated for each state. This is the
same methodology used by the IPEA in its research study “Andlise e recomendagbes para as politicas publicas de
massificagdo de acesso a internet em banda larga”, published on April 26 2010.

% The survey relies on a national sample; to expand the survey the coefficients provided by the IBGE were used. The

question used to determine the existence of a broadband connection in a household is: “Have you accessed to the
internet using a broadband connection in your household during the last three months?”.
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which would indicate a conditional convergence toward a single growth path. The illiteracy rate is also
negative, which confirms the importance of human capital in economic development. The coefficient for
broadband penetration rate of change is not statistically significant, which demonstrates that its impact is
not uniform across all Brazilian states. However, we assume our estimation is valid because it is consistent
with the results of similar studies (e.g. Koutroumpis, 2009). Thus, while recognizing the model limitations,
we expect that when controlling for education level and departing point of economic development in the
case of Brazil, an increase of 1 per cent in the rate of penetration of broadband could contribute 0.008
percentage points to GDP growth.

In addition to estimating the broadband impact on GDP growth, we studied the impact of the technology
on Brazilian employment. In this case, a cross-sectional sample similar to that one utilized by Katz et al
(2010a) for Germany was constructed, where the dependent variable was the rate of change of
unemployment.

The following information was compiled for the 27 Brazilian states:

Table 22 — Brazil: Variables utilized to estimate the impact of broadband on job creation

Variable Series Source Observations
Change of Change in unemployment | IBGE Dependent variable
unemployment rate rate (2006-7)
Level of development GDP per capita (2003) IBGE Control variable to determine the

point of departure of state
economic growth

Growth in household Fixed Broadband Household survey Independent variable
broadband penetration A (2005-6) (IBGE)
penetration
Human capital Years of schooling IBGE Control variable to differentiate the
level of human capital by state
Population growth Population growth IBGE Control variable to differentiate the
(2006-7) level of population growth by state

Source: Adapted from Katz (2010b).

The results of the model are as follows (see Table 23).

Table 23 — Brazil: Impact of broadband on Job creation

Unemployment Rate Coefficient Standard error T-statistic
Level of state economic —0.0449243 0.0259892 -1.73 0.098
development
Growth in household broadband —0.0069189 0.003575 -1.94 0.066
penetration
Human capital 0.1095254 0.0940011 1.17 0.256
Population growth 0.2009585 0.1213108 1.66 0.112
Constant —0.1925308 .5035225 -0.38 0.706
Number of observations 27

F(4,22) 3.76

Prob>F 0.0178

R® 0.4058

Root MSE 0.27016

Source: Adapted from Katz (2010b).
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It is counterintuitive that the difference in schooling years and population growth is not statistically
significant in explaining the differences in the level of unemployment across regions. However, the
relationship between the rate of change of unemployment rate and the rate of change in broadband
penetration is significant and with the expected negative sign. According to the model results, a change of
10 per cent in broadband penetration could reduce the unemployment rate by 0.06 percentage points.
Brazilian unemployment in 2009 was 7.7 per cent and that by 2010 it would fall to 7.4 per cent®®, which
would imply a reduction of 3.89 per cent. According to our estimates, if broadband penetration were to
grow by 20 per cent, the impact on the rate of change of unemployment would be a further 0.138. Thus
we would expect such a deployment of broadband to result in a reduction of unemployment from the
original 3.89 per cent to 4.03 per cent.

4.1.2.2 Chile: The impact of broadband on employment and economic growth

The availability of an extensive database of quarterly data for Chile allowed the development of a panel of
time series data for each of Chile's administrative regions. This data base was constructed by compiling
data for each of Chile's regions (except for the metropolitan areas due to the lack of quarterly data) from
2001 until the fourth quarter of 2009. The dataset contains the following information:

Table 24 - Chile: Variables used to estimate the broadband impact on job creation

VELELIE

Employment

Series

Quarterly employment rate
(2002-9)

Source

Regional Institutes of
Statistics

Observations

Dependent variable

Level of economic
activity by region

Quarterly index of economic
activity (2001-9)

Regional Institutes of
Statistics

Control variable of
economic development

Growth in broadband
penetration

Quarterly A in fixed
broadband penetration
(2002-9)

Subtel

Independent variable

Human capital

Schooling years (population
15 years old and older)

Employment Survey, INE

Control variable to
determine differences in
human capital

Dominant industrial
sectors

Contribution of the mining
and financial sector to
regional GDP (2002-2008)

Central Bank of Chile

Variable to control for
regional specialization in
dominant economic
activities

Dynamic sectors

Contribution of the
agricultural and trade sector
to regional GDP (2002-2008)

Central Bank of Chile

Variable to control for
regional specialization in
dynamic economic
activities

Source: Author

A model including level of economic activity and broadband penetration was specified. In addition, an
alternative model was proposed aimed to study possible effects of human capital and specialization on
the level of employment. According to methodology used, other specific characteristics of each region
that could have an impact on the labour market are controlled by the fixed effects of the panel data. Thus,
the model results are as follows (see Table 25).

66

According to a consensus forecast compiled by EMIS.
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The economic activity variable remained unaltered between models 1 and 2; in both cases it was
significant and positive. The coefficient of broadband penetration is significant®” and positive in both
specifications. The small variation between the coefficients of broadband impact in both specifications
suggests the robustness of the following conclusion: an increase in 1 percentage point in broadband
penetration would contribute nearly 0.18 percentage points to the employment rate.

Table 25 — Chile: Broadband impact on job creation

Employment rate Model 1 Model 2

Coefficient t-statistic

t‘:{"sg‘i’;swnomic activity 0.000353 5.90 0.000353 5.72
S;:‘;"ttrztiir;:madba"d 0.18118 3.85 0.1774 2.56
Human capital —0.0042 -1.87
Dominant sectors —0.00133 -1.66
Dynamic sectors 0.001743 1.27
Constant 0.8682527 109.03 0.913817 25.95
Number of observations 324 Number of observations 276

F(2,310) 60.89 F(5,259) 20.78

Prob>F 0.0000 Prob>F 0.0000

R2 0.2820 R2 0.2863

F(11,310) 33.89 F(11,259) 24.41

Prob>F 0.0000 Prob >F 0.0000

Source: Author.

An interesting result on the second specification was the coefficient of human capital, which resulted
significant at the 10 per cent level and with a negative sign. Contreras at al (2008) argues that this result is
mostly explained by the impressive increment in the years of schooling of the population in one
generation and the entrance of women to the labour force.®®

Today, the Chilean workforce comprises 6,500,000 individuals, which result in 93 per cent employment
rate. Of those, it is estimated that broadband deployment, which reached a penetration of 9.78 per cent,
contributed in 1.76 percentage points to the employment rate, which amounts to the creation of 114,426
direct and indirect jobs.

In addition to estimating the impact of broadband on job creation in Chile, we attempted to estimate its
contribution to the country's GDP growth. For this purpose, a database for the 13 regions of Chile was
built, which contained the following information (see Table 26):

¥ |t was significant at the 1 per cent level on the first specification and at the 5 per cent level on the second one.

68 According to Contreras, et al (2008), women were educated but were not part of the labor force. As more women

entered the labor force the average schooling years of the population increased but also increased the number of
women unemployed looking for jobs.
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Table 26 — Chile: Variables used to measure the impact of broadband on GDP growth

VELELI(E

Series

Source

Observations

Economic growth

Average annual growth of GDP per
capita (2003-4; 2005-06;2007-08)

Central Bank of Chile

Dependent variable

Level of
development

Regional GDP (2000;2001;2002)

Central Bank of Chile

Variable to control for
point of departure in
economic development

Human capital

Percentage of population with
some level of tertiary education
(2003-2006)

Casen Survey

Variable to control for the
level of human capital

Population size

Region population as a per cent of
country population (2002)

National Institutes of
Statistics — Chile

Variable to control for
level of density

Population growth

Regional population growth (2002-
2008)

National Institutes of
Statistics — Chile

Variable to control for
differences in rate of
population growth

Economic dynamics

Contribution of the agricultural and
trade sector to regional GDP (2002)

Central Bank of Chile

Variable to control for
regional specialization in
dynamic economic
activities

Urban density

Percentage of people living in
urban centres by region (2002)

National Institutes of
Statistics — Chile

Variable to control for
level of urbanization

Growth of
broadband
penetration

A in fixed broadband penetration
(2002-3: 2004-05; 2006-07)

Under-Secretariat of
Telecommunications
(Subtel)

Independent variable

Source: Author.

The results are as follows:

Dependent variable: GDP

Table 27 — Chile: Contribution of broadband to GDP growth

Coefficient

Growth (2006-7)

Standard error

T-statistic

Source: Author.

Level of development -1.35E-06 7.67E-07 -1.76 0.088
Human capital 1.62164 0.942361 1.72 0.095
Population size 0.529056 0.292309 1.81 0.08
Population growth 2.068497 1.091899 1.89 0.068
Economic dynamics —0.00809 0.080571 -0.1 0.921
Urban density —-0.05128 0.080926 —-0.63 0.531
Broadband penetration growth 0.00927 0.003716 2.49 0.018
Constant —2.08091 6.80365 -0.31 0.762
Number of observations 39

F(7,31) 2.98

Prob>F 0.0165

R® 0.4021
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Broadband penetration was found to be statistically significant and with the expected sign in terms of
contributing to GDP growth in Chile. According to the coefficient of this variable, a 10 per cent increase in
penetration will result in an increase of 0.09 percentage points in regional GDP of Chile's regions. The
initial regional GDP variable was included to control for the starting point of development. The coefficient
sign is consistent with the conditional convergence theory. According to the model, human capital
measured as the percentage of people with tertiary education is extremely important, once again
corroborating the results obtained for Latin America.

In addition, two variables were included to determine the effect that population growth could have on
broadband penetration. The population size variable controls for the density effect. According to this,
population size in a certain region could result in attractive markets, which would attract firms to the
given region, therefore driving economic growth. The coefficient in this case was statistically significant
containing the right sign. On the other hand, according to the traditional development theory, the
population growth variable was included. In this case, once again, the coefficient was positive and
statistically significant.

4.1.2.3 Dominican Republic: The contribution of broadband to employment growth

To study the contribution of broadband to employment in the Dominican Republic, a database for

32 provinces was constructed (see Table 28).

Table 28 — Dominican Republic: Variables used to estimate the broadband impact
on employment growth

Type of Variable

Change in
unemployment

Data Set

Difference in unemployment
rate between 2009 and 2008

Source

National Statistical Office

Rationale

Dependent variable

Population growth

Population growth rate 2009-
2008

National Statistical Office

Control unemployment
by population growth

Broadband
penetration

Average fixed broadband
penetration 2008-2009

Indotel

Effect of broadband
penetration

Change in number of
establishments

Change in number of
establishments 2008-9

National Statistical Office

Control of sources of
new jobs

Construction value

Share of private investment in

construction sector of Province.

2008-2009

National Statistical Office

Relationship between
Investment and
unemployment

Construction area

Share of square metres of
private constructions of
province 2008-2009

National Statistical Office

Relationship between
Investment and
unemployment

Source: Author

The model results are as follows (see Table 29).

Table 29 — Dominican Republic: Broadband impact on job creation

Growth in unemployment Coef. Std. Err. t P>t 95% Conf.Interval
Population growth 0.72442 | 0.24939 2.90 0.0070 0.21180 1.23704
Change in broadband —0.29529 | 0.13290 -2.22 0.0350 —0.56846 -0.02211
penetration
Change in number of —0.14959 | 0.04728 -3.16 0.0040 —-0.24678 —-0.05241
establishments
Value of construction 2009 0.69456 | 0.14588 4.76 0.0000 0.39469 0.99443
Change in construction 2008-9 —0.64299 | 0.12787 -5.03 0.0000 —0.90583 —0.38015
Constant 0.74317 | 0.37360 1.99 0.0570 —0.02477 1.51111
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Number of Obs 32
F(5,26) 12.70
Prob>F 0.0000
R2 0.4175

Source: Author

The results show an extremely high impact of broadband on unemployment. According to Table 40, an
increase in broadband penetration of 1 per cent would diminish unemployment in 0.29 percentage
points. For example, if the unemployment rate were to be 14 per cent, an increase of 1 per cent in
broadband penetration would contribute to a reduction of unemployment to 13.71 per cent.

The other variables that indirectly affect unemployment are, as expected, number of establishments
between 2008 and 2009, and the intensity of the construction sector in a specific area in 2009. Therefore,
a combination of increase in the number of establishment, investment in construction and broadband
yields a positive effect in terms of job creation.

It is considered that the contribution of broadband relative to the other two variables is too high. Part of
this is due to the fact that the largest increase in broadband has taken place in Santo Domingo, the
capital, and Altagracia, a tourism hub. Ideally, to refine the impact of broadband it would be necessary to
include in the model specification a variable related to the intensity of the tourism sector. However, while
data exists for three regions, Altagracia, Puerto Plata and Cibao Norte, data for the rest of the country is
not captured. Therefore, it is impossible to introduce a variable measuring the intensity of tourism. As a
result, the case confirms the contribution of broadband to job creation, although the range of impact
might be overestimated.

4.2 Assessment of Broadband Economic Impact in Arab States

The purpose of this section is to estimate the economic impact of broadband on a selected group of Arab
States. The universe of analysis comprises the following countries:

e Algeria e Kuwait e Saudi Arabia

e Bahrain e Lebanon e Syria

e Djibouti * Libya e Tunisia

* Egypt * Morocco e United Arab Emirates
* lraq e Oman * Yemen

e Jordan e Qatar

Two methodologies were utilized. In the first place, a multivariate regression model was built to
determine the impact of broadband adoption on the GDP growth of a cross-section of Arab countries.
Secondly, case studies supported by descriptive statistics were developed for Jordan, Qatar, the United
Arab Emirates and Saudi Arabia.

4.2.1 Multivariate Regression Analysis:

This analysis is based on assessing the impact of broadband penetration69 growth between 2004 and 2010
on growth of the GDP, measured in constant 2005 prices. For that purpose, a model based on a classical

% In this analysis, given that the dataset extended through 2010, it was considered necessary to include mobile

broadband connections.
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production function, complemented with control variables to account for country specific factors, was
specified. The following variables were utilized (see Table 30):

Table 30 — Variables used to measure the economic impact of broadband in Arab States

Variable

Economic growth

Series

Per capita GDP (in constant 2005
prices) growth between 2004-10

Sources

World Bank and
IMF

Dependent variable

Observations

of development

Broadband Broadband penetration growth ITU Independent variable
penetration 2004-10 (including fixed wired and
growth fixed wireless broadband

connections)
Control for Population growth 2004-10 World Bank Measure to determine size of
population population
growth
Control for Secondary school enrollment rate World Bank Measure to determine the
human capital 2000 importance of human capital
Control for level GDP per capita in year 2000 World Bank Measure to determine point of

departure in economic growth

cent of GDP) 2004-10

investment

Control for Annual change in price of oil barrel | World Bank and US | Measure to control for the
changes in oil as a per cent of annual oil exports Department of impact of changes in oil prices in
prices 2004-10 Energy the gross product of Arab States
Capital Gross capital formation (as per World Bank Measure to determine the

importance of fixed capital

Control for level
of globalization

Average globalization index 2004-8
(estimated 2009-10)

Dreher et al. (2008)

Measure to determine the
different level of economic,
social and political integration

Control for bank
credit

Annual domestic credit provided by
the banking sector (as per cent of
GDP) 2004-10

World Bank

Measure to determine the
importance of financial markets

Source: Author.

The regression model was built on time series from 2004 (which includes the observations corresponding
to the growth of variables between 2003 and 2004) to 2010. For this purpose, the model considers only
those annual observations for countries where broadband penetration was higher than 1 per cent’. As a
result, the sample considered in the regression model included the following years and countries (see
Table 31).

Table 31 — Arab States: Observations with a Broadband Penetration Rate Higher than 1 per cent

2004 2005 2006 2007 2008 2009
Algeria 0.11% 0.41 % 0.51% 0.85 % 141 % 2.34% 2.54 %
Bahrain 1.50 % 2.23% 2.96 % 4.76 % 7.35% 8.87 % 12.27 %
Djibouti 0.00 % 0.01 % 0.02 % 0.13% 0.29% 0.61% 0.91%
Egypt 0.11% 0.19% 0.34 % 0.62 % 0.98 % 1.35% 1.79%

0 In the case penetration is lower than 1 percent, changes in growth rate of penetration are not significant given the low

variance in the number of total connections.
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2004 2005 2006 2007 2008 2009 2010
Iraq 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 %
Jordan 0.20 % 0.44 % 0.88 % 1.57 % 2.49% 3.95% 4.73 %
Kuwait 0.91% 1.10% 1.28% 143 % 1.57 % 1.70 % 1.68 %
Lebanon 2.00 % 3.21% 4.64 % 4.64 % 4.68 % 4.69 % 4.73 %
Libya 0.00 % 0.00 % 0.16 % 0.16 % 0.75% 1.01% 1.15%
Morocco 0.21% 0.82% 1.28% 1.54 % 1.57 % 1.54 % 1.62 %
Oman 0.03 % 0.54 % 0.81 % 0.79% 1.23 % 1.52 % 1.63 %
Qatar 1.53% 3.12% 4.78 % 7.44 % 7.61% 9.05 % 8.38%
S. Arabia 0.30 % 0.28 % 0.88 % 2.44 % 4.01 % 5.36 % 6.23 %
Syria 0.00 % 0.01 % 0.03 % 0.04 % 0.06 % 0.17% 033 %
Tunisia 0.03 % 0.18% 0.44 % 0.95% 2.22% 3.60 % 4.60 %
UAE 1.53% 3.18% 5.16 % 7.03 % 8.98 % 9.95% 10.51 %
Yemen 0.00 % 0.01 % 0.01 % 0.05% 0.11% 0.23% 0.35%

Source: ITU World Telecommunications/ICT Indicators Database, www.itu.int/icteye

Based on the 60 observations (highlighted in Table 31 above), the regression coefficients were calculated
as follows (see Table 32):

Table 32 — Assessing the Broadband Economic Impact in the Arab States using a Linear Multivariate
Regression Model

Growth in per capita GDP Coefficient Standard T-Stat  P>[t] Confidence Interval at
error 95%""
Broadband penetration growth 0.0207588 0.0109596 1.89 | 0.064 | -0.0012435 0.0427612
Control for population growth - 0.1529595 —3.75 | 0.000 | -0.8812873 | —0.2671294
0.5742083
Control for human capital 0.0291687 0.0301354 0.97 | 0.338 | -0.0313306 0.0896679
Control for level of development - 0.0098631 -1.15 | 0.257 | —-0.0311088 0.0084933
0.0113077
Control for changes in oil prices 0.1917185 0.0475012 4.04 | 0.000 0.096356 0.2870811
Control for Gross Capital 0.2810046 0.0982635 2.86 | 0.006 0.0837325 0.4782767
Formation
Control for level of globalization - 0.1700399 -0.08 | 0.935 | —0.3554065 0.3273322
0.0140371
Control for bank credit 0.0227318 0.0135549 1.68 | 0.100 | -0.0044809 0.0499445
Constant —7.846972 12.02959 -0.65 | 0.517 -31.99738 16.30343
Number of observations 60
F(8,51) 8.73
Prob>F 0.0000
R? 0.5209
Root MSE 3.7653

Source: Analysis by the author.

' The two values in the confidence interval represent one for the low interval and the other for the upper interval at the

95% confidence interval.
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According to the model, an increase in broadband penetration of 10 per cent results in an average
increase of 0.208 per cent in per capita GDP (measured in real terms).

All variables in the model have the correct signs in the sense that they are directly or inversely related to
the penetration of broadband:

e Population growth is indirectly related to GDP per capita, indicating that the growth in population
reduces the product to be shared by all the inhabitants; this result is consistent with that of the
Latin American broadband impact model (coefficient: -0.4469177);

e There is a positive relation between human capital (as indicated by educational level) and GDP;
however, the coefficient is not statistically significant, probably due to the unreliability of
available data;

¢ The more developed countries exhibit lower GDP per capita growth rates (which is consistent
with Solow’s hypothesis);

¢ Anincrease in oil prices has an important and statistically significant impact on GDP, given that
the value of exports tends to increase accordingly; the coefficient for this variable is, as expected,
holding the highest significance;

e Gross Capital Formation is, consistent with the production function, positively and significantly
related to GDP;

e Similarly to the results in Katz (2010), the globalization index appears to have a negligible impact
in the countries being studied;

¢ A more developed credit market has a positive effect on GDP growth.

In order to conduct a robustness test of the previous linear multivariate regression model, another model
using fixed effects by year and country also using robust standard errors was developed. In the new
approach, the fixed controls capture the variables that change for all the countries by year (per example
the price of the oil), and the specific characteristics of the countries analyzed (education, Level of
development, etc.). As a result of this approach, the only control variable utilized is the growth of the
population (with the same dataset that in the previous model).

Table 33 — Assessing Broadband Economic Impact in the Arab States using a
Fixed Effects by Year and Country Model

Growth in per capita Coefficient Standard T-Stat P>[t] Confidence Interval at 95%
GDP error
Broadband penetration 0.0184833 0.0124923 1.48 0.165 -0.008735 0.0457016
growth
Control for population -0.4901746 0. 1463068 -3.35 0.006 -0.8089498 | -0.1713994
growth
Constant 2.676135 1.031105 2.60 0.023 0.4295504 4.922719
Number of observations 60
F(2,12) 7.62
Prob>F 0.0073
R’ 0.2279

Source: Analysis by the author.
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The result of the regression model with fixed effects shows a coefficient similar to the one yielded in the
first approach (a 10% of difference). As a result, an increase in 10 per cent in the penetration of
broadband, we should have a 0.185 per cent increase in the per capita GDP.

In summary, according to the results of both models for Arab States, the impact of broadband penetration
growth of 10 per cent, in the growth of the per capita GDP is between 0.18 per cent and 0.21 per cent.

4.2.2 General Impact Model

Based on the general impact model presented in Table 32, the contribution of broadband to GDP growth
for each Arab country was calculated as follows:

e Count the number of years that broadband penetration is >1%’% (column 1)
e Calculate the total growth between the first year of broadband >1% and 2010 (column 2)
e Calculate CAGR between the first year of broadband >1% and 2010 (column 3)

e Multiply CAGR by broadband contribution coefficient to GDP per capita growth per the general
model (0.0207588) (column 4)

e Multiply results of column 4 by the number of years that broadband penetration level is >1%
(column 5)

The results are included in Table 34.

Table 34 — Arab States: Contribution of broadband penetration growth rate to GDP per capita

@ Year.s of Growth of Brtfadband CAGR Annual Impac.t to Total .Impact (o])] GD!’ per
penetration >1% Penetration GDP per capita capita for the period
Bahrain 7 695% 41% 0.86% 6.00%
UAE 7 587% 38% 0.79% 5.50%
Qatar 7 448% 33% 0.68% 4.76%
Jordan 4 201% 44% 0.92% 3.69%
S. Arabia 4 155% 37% 0.76% 3.05%
Tunisia 3 107% 44% 0.91% 2.74%
Lebanon 7 137% 15% 0.32% 2.24%
Algeria 3 80% 34% 0.71% 2.13%
Egypt 2 33% 33% 0.68% 1.35%
Kuwait 6 53% 9% 0.18% 1.10%
Oman 3 33% 15% 0.31% 0.94%
Morocco 5 27% 6% 0.13% 0.64%
Libya 2 14% 14% 0.29% 0.58%

Note: It should be noted that some countries, such as Djibouti, Iraq, Syria and Yemen never reached 1 per cent
penetration and therefore, the broadband economic impact is O per cent.

Source: ITU, analysis by the author

As Table 34 indicates, broadband has had a substantial contribution to GDP growth in the Arab region,
ranging from 6 per cent of total GDP growth for Bahrain between 2003 and 2010 to 0.58 per cent
between 2005 and 2010 for Libya. This finding confirms the rule of “return to scale” where the
contribution of broadband to GDP per capita growth increases with penetration. From a policy

2 See comment in footnote 69.
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standpoint, governments need to fast-forward the deployment of broadband if they want to maximize its
economic impact.

4.2.3 Case Studies

In the following section, three Arab countries have been analysed in further detail in an attempt to
ascertain the specific economic impact of broadband on those countries. Three of them, United Arab
Emirates, Bahrain and Qatar, exhibit the highest level of broadband adoption among Arab countries. The
other one, Jordan, is a country that exhibits a very low adoption level until 2003 but has been growing at a
fast rate since then (see Figure 10).

Figure 10. Arab States: Fixed Broadband Penetration (2002-10), in per cent
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Source: ITU; analysis by the author

As indicated in Figure 10, Qatar and UAE are in top three Arab countries that exhibit the highest rate of
penetration growth, while Jordan achieved an adoption of higher than 3 per cent in four years. Table 35
presents a comparison of penetration rates and CAGR in two different periods73.

As Table 34 indicates, both Qatar and the UAE succeeded in maintaining a high CAGR throughout the
whole period under study (51% and 42% respectively), while Jordan placed itself in a good relative
position when considering fixed wireless connections. The impact of broadband on selected economic
descriptive statistics will be analysed in turn.

7 In addition, 2003 represents a key year in the development of broadband in the Arab states as it embodies the

combination of multiple trends, ranging from industry liberalization and competition to economic development
resulting in added purchasing power to Internet adoption.
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Table 35 — Arab States: Comparative Broadband Penetration Growth,
CAGR and increase of penetration rate

Increase in Penetration Rate CAGR CAGR
2003-2010 (in %) 2003-2010 2006-2010

Algeria 2.4800 71% 49%
Bahrain 10.77753 35% 27%
Egypt 1.7100 56% 51%
Jordan 4.6335 74% 52%
Kuwait 1.0700 16% 7%
Lebanon 2.9500 15% 0%
Morocco 1.6136 107% 