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PREFACE

Copenhagen Economics was requested by the Danish Energy Association to eva-
luate the socio-economic advantages that arise from an improved digital infra-
structure in the form of different types of high-speed networks. The task encom-
passed a description and quantification of the effects on innovation, productivity,
working hours, employment, the public sector and the environment/climate.

The result of this work will be partially available as a report (this report) and as a
presentation at a hearing at Christiansborg, where Denmark as a high-speed so-
ciety will be discussed. This hearing is to be held on 16 April 2010 and is ar-
ranged by the Danish Energy Association.

This report has been compiled in March 2010 by Senior Economist Svend Torp
Jespersen and Economist Eske Stig Hansen. A partner in Copenhagen Econom-
ics, Martin Hvidt Thelle, was responsible for Copenhagen Economics’ quality as-
surance of this work. Morten Baadsgaard Trolle, Christian Berg and Thomas
Woldiderich, all from the Danish Energy Association, have followed the work and
contributed with a large amount of background material.



COPENHAGEN ECONOMICS The Socio-Economic Value of Digital Infrastructures

RESUME

Quicker and improved possibilities for electronic communication are an impor-
tant source of growth, now and in the future. This has been determined by the
majority of investigations that have shed light on the significance of electronic
communication for a society. This is also the conclusion of this report.

Faster electronic communication speeds are important, because they improve
productivity. Especially in knowledge-based services, faster communication
speeds increase productivity as larger amounts of information can be gathered
with better quality than was previously possible. This forms the basis for greater
production of improved knowledge. At the same time, productivity will increase
because an improved digital infrastructure, to a greater degree, allows for work-
ing from home as well as the holding of high-quality video conferences, for ex-
ample with business contacts. This saves commuting time which can be used for
more productive tasks. A third reason why productivity will increase is that an
improved digital infrastructure creates possibilities for new types of use, for ex-
ample programs or network services, and these will contribute in raising the val-
ue creation capability of a society.

1.1.  VISION OF THE HIGH-SPEED COMMITTEE

At a global level, Denmark is currently that country which has the 16th fastest In-
ternet access. This is measured by the average broadband speed. The High-Speed
Committee wants to change this and has formulated a vision implying that the
average network speed in 2013 will be 8 times faster than in 2008. If the High-
Speed Committee’s vision as regards communication speed was applicable today,
then Denmark would be in third position in an international comparison of net-
work communication speeds. The High-Speed Committee’s vision is also one of
the most ambitious visions that we are familiar with, namely those announced
regarding speeds for 2013.
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Table 1 Speed on the Internet, international comparison

2008 Prior to 2020
Position 2008 Country Average speed  Position (2008)  Country Average speed
on the net, Mbps on the net, Mbps
1 Japan 64 1 T South Korea 1000
2 South Korea 50 ) T Singapore 1000
3 Finland 22 3 Japan 1000
4 France 18 4 l Finland 100
5 Sweden 17 5 Sweden 92
16 Denmark 5 12 T Denmark 42

Note: In the long term, the average speed on the net is calculated as an average value of the goals
that have been announced for various parts of the population. For example, in the long term
the average speed in Denmark is calculated from the High-Speed Committee’s vision. That is
80 percent must have access to 50 Mbps and 20 percent must have access to a minimum of
10 Mbps. The Finnish goal is based upon access to a back-bone and not net access. This s be-
cause all Finns must have a maximum of 2 kilometers to a minimum 100 Mbps Internet (fiber
or cable TV net).

Source: ITIF Broadband Rankings, High-Speed Committee (2009), Norwegian government (2009),
Ministry of Economic Development (2008),
http://www.computerworld.dk/art/55520/gordon-brown-lover-100-mbit-internet-til-alle-

briter?a=fp 1&i=o.

For the slightly longer term - 2010 - the High-Speed Committee’s vision is cur-
rently not nearly as ambitious as the target seen in some other countries that
Denmark normally compares itself with. Sweden, USA, and some other countries
have already planned improvement of their digital infrastructure in the slightly
longer term that vastly exceeds the vision of the High-Speed Committee.

Denmark has great potential to exploit higher speeds on the net, because we are
amongst the most e-ready populations in the world and have been so for many
years, as documented, amongst others, by the World Economic Forum (2010).:

1.2. EVALUATION OF GAINS TO SOCIETY

We have evaluated the socio-economic advantages that Denmark will achieve by
acquiring higher broadband speeds. We have done this by creating two scenarios
for the development of higher speeds up to 2013. In the first scenario, network
speeds increase to comply with the vision of the High-Speed Committee, namely
8 times the speed of 2008. In the second scenario, network speeds are increased
so that by 2013 Denmark achieves speeds matching those targeted by Sweden for
2020, which is 18 times that compared with 2008.

1 Evaluation of e-readiness has as its starting point a number of conditions, including amongst which
is the number of telephone lines per inhabitant, number of secure Internet servers, electricity produc-
tion, percentage of population with an education in natural sciences or technology, quality of research
institutes, percentage of the population with a tertiary education, education expenses, access to digi-
tal content and speed on the available broadband.
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We have evaluated that if Denmark meets the vision of the High-Speed Commit-
tee, then this will contribute approximately 5 percent extra to the Gross Domestic
Product (GDP) in 2020, equivalent to approximately DKK 114 billion per year.
On the other hand, if in the long term Denmark achieves the same speed as Swe-
den, then this will contribute approximately 7 percent to the Gross Domestic
Product, equivalent to approximately DKK 170 billion per year. In Figure 1 below
we have illustrated the meaning of the increased speeds in various scenarios.

As a basis for our estimation we have chosen as a starting point the experiences
from other countries that we can be compared to. Earlier investigations show
how much this means, for example if one more percent of the employed popula-
tion have access to broadband. We use these results to state that an increase in
the percentage of employed with broadband access is equivalent to an increase in
the average speed on the net. From various literature sources we calculate the ef-
fect regarding the percentage of employed with broadband access to estimate the
effect of higher speeds on the net.:

Figure 1 Effect of higher speeds on GDP

Growth in GDP in various speed scenarios

2900

2700 >
DKK 56 billion

X
A e Actual
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Sweden
2100 / High-Speed Committee
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GDP in DKK billion
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Source: Copenhagen Economics.

2 We thereby also focus our calculations on increases in download speeds, which have increased vastly
as a result of the shift to DSL technologies. If the increase in upload speeds becomes greater than the
historical value, then this supports the idea that the effects on productivity can be greater.
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Our evaluation is associated with a large degree of uncertainty. This is because it
is difficult to evaluate the effects of high speeds on the net. This is partly because
there have not been any investigations in the past that focus on the effects of
speed, and partly because the increase in speed that Denmark and other coun-
tries want to achieve in the next decade do not have any precedent. In the interim
we have decided to base our estimates on the experiences that have been docu-
mented, simply because it is nothing less than an objective basis.

A limited increase in speeds in the past two decades has caused significant effects
on the Gross Domestic Product. As a result, it is difficult to imagine that a signifi-
cant increase in net speeds can occur without significant effects on the Gross
Domestic Product. For example, in 2006 the Danish IT service sector contributed
DKK 24 billion to the Gross Domestic Product. This sector would not have been
so large if we did not have higher speeds for electronic communication.

1.3.  RECOMMENDATIONS

For Denmark to release the economic potential associated with an improved digi-
tal infrastructure, it is an advantage that private service providers are incited to
offer higher speeds on the net. Investigations from other EU countries indicate
that it is not always economically viable for private investors to offer high-speed
networks to a large percentage of the population in countries with a relatively
high level of income and high population densities. For example, Table 2 shows
that private suppliers can deliver fiber net (PON or P2P) to approximately a
quarter of the population in Germany. Denmark has a higher income level than
that of Germany, but a lower population density. We evaluate that if it cannot be
economically viable for private service providers to deliver high-speed networks
to a large proportion of the population in Germany, then it is extremely doubtful
whether it will be economically viable for private service providers to offer high-
speed networks to a large proportion of the population in Denmark.

Table 2 Part of population (in percent) for which it can be economically viable for pri-
vate companies to offer high-speed Internet

Technology Germany  France Sweden Portugal Spain Italy

VDSL 71.5 - 18.3 39,0 67.4 100

PON 25.1 252 18.3 19.2 12.2 17.6

P2P 13.7 18.6 18.3 19.2 12.2 12.6
|

Population density 230 111 20 115 89 197

(number of inhabitants per km?)

Area in km® 357,021 547,030 449,964 92,391 504,782 301,230

Population 82.0 mill. 64.7 mill. 9.3 mill. 10.6 mill. 46.7 mill. 60.4 mill.

Source: WIK (2008).
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It is possible to work with income issues or expense issues when improving in-
centives for private service providers.

On the income side, the public sector can create incentives for private service
providers by requesting high-speed networks to public institutions or by offering
public services that exploit high-speed networks. This will give private service
providers an incentive to commence the provision of a high-speed network.
When this is being done to central organizations, the cost of connecting the asso-
ciated local area will be more easily accommodated. On the expense side, the
public sector can contribute with more effective municipal case management, the
combined and simultaneous laying of infrastructure cables and the removal of
enforced connections to community-shared antenna systems.
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Chapter 2 |

DENMARK IS LAGGING IN DIGITAL INFRA-
STRUCTURE

2.1. VISION OF HIGH-SPEED COMMITTEE IN AN INTERNATIONAL PERS-
PECTIVE

The report — Denmark as a High-Speed Society — was released by the High-

Speed Committee at the start of 2010. The report described a number of benefits

that would arise when Denmark develops itself as a high-speed society, amongst

which this will contribute to:

» Ensuring growth and competitive capability.

* Ensuring welfare through efficiency and quality in the public sector.

» Ensuring democracy, culture and participation for all Danes.

» Ensuring that Denmark is geared for climatic and environmental challenges.

For Denmark to develop itself as a high-speed society, the committee suggested a
broad range of measures for the public sector, education, research and infra-
structure. As regards infrastructure, the High-Speed Committee is of the opinion
that at least 80 percent of all Danish households and businesses should have
access speeds of at least 50 Mbps downstream and 10 Mbps upstream by 2013.
Furthermore, the committee is of the opinion that all, or nearly all, Danish
households and businesses must have broadband access with 10 Mbps down-
stream and 5 Mbps upstream by 2013.s.

Denmark is currently lagging when compared internationally as regards broad-
band speeds. This can be seen in Table 2.1. Various different comparisons of
broadband speeds are available, including those from the OECD, World Econom-
ic Forum and ITIF.4 The results of the various comparisons do differ and in some
comparisons Denmark fares better than that shown below. However, we are not
aware of any comparison where Denmark is at the top of the list. The highest po-
sition we have seen by Denmark is a seventh place. We use ITIF’s ranking, main-
ly because the system takes into account that even though broadband customers
offer high-speed access, consumers do not always choose to use the highest speed
being offered. In Denmark, consumers and businesses often opt for lower speeds
than those available, explaining why Denmark is far down in the latest ITIF list.

3 It is noted in the committee’s report that a minority of three committee members did not support
the 80% target for high-speed broadband access, this because the target does not cover all in society.

4 See OECD’s comparison on the website

http://www.oecd.org/document/54/0,3343,en 2649 34225 38690102 1 1 1 1,00.html,

see the World Economic Forum’s comparisons on the website

http://www.weforum.org/documents/GITR10/index.html and
see ITIF’s comparisons on the website http://www.itif.org/files/2008 BBRankings.pdf.

10


http://www.oecd.org/document/54/0,3343,en_2649_34225_38690102_1_1_1_1,00.html
http://www.weforum.org/documents/GITR10/index.html
http://www.itif.org/files/2008BBRankings.pdf

COPENHAGEN ECONOMICS

The Socio-Economic Value of Digital Infrastructures

Table 2.1 Speeds in various countries — now and in the future

2008 Longer term (2020)
Position 2008 Country Average speed on  Position (2008) Country Average speed on
the net, Mbps the net, Mbps
1 Japan 64 1 T South Korea 1000
2 South Korea 50 ) T Singapore 1000
3 Finland 22 3 Japan 1000
4 France 18 4 l Finland 100
5 Sweden 17 5 Sweden 92
6 The Netherlands 9 6 T Slovenia 90
7 Portugal 8 7 T Australia 90
8 Poland 8 8 T USA 90
9 Norway 8 9 T New Zealand 81
10 Canada 8 10 l« Japan 64
11 Austria 7 11 l Norway 50
12 Belgium 6 12 T Denmark 42
13 Iceland 6 13 l« Portugal 41
14 Germany 6 14 T Germany 39
15 USA 5 15 l France 18
16 Denmark 5 16 l The Netherlands 9

Note: Inthe longer term, the average speed on the net is calculated as an average value of the goals
that have been announced for various parts of the population. For example, in the longer
term the average speed in Denmark is calculated from the High-Speed Committee’s vision
that 80 percent must have access to 50 Mbps and 20 percent must have access to a minimum
of 10 Mbps. The Finnish goal is based upon access to a back-bone and not net access. This is
because all Finns must have a maximum of 2 kilometers to a minimum 100 Mbps Internet
(fiber or cable TV net).

Source: ITIF Broadband Rankings, High-Speed Committee (2009), Norwegian government (2009),
Ministry of Economic Development (2008),
http://www.computerworld.dk/art/55520/gordon-brown-lover-100-mbit-internet-til-alle-

briter?a=fp 1&i=o0.

If the High-Speed Committee’s vision regarding faster broadband speeds was ac-
tual today, then Denmark would have the third fastest Internet access at global
level — of course dependent on whether Danes choose to buy the faster speeds.

A number of other countries also have plans regarding higher broadband speeds.
This is also being debated in many countries with political signals indicating high
levels of ambition. In Table 2.1 we also attempted to include the other countries’
targets, plans and political statements regarding long-term speeds, that being up
to 2020. The other countries’ announcements regarding high-speed net targets
indicate that there is significantly greater potential to increase speeds than that
seen in Denmark’s current vision.

11


http://www.computerworld.dk/art/55520/gordon-brown-lover-100-mbit-internet-til-alle-briter?a=fp_1&i=0
http://www.computerworld.dk/art/55520/gordon-brown-lover-100-mbit-internet-til-alle-briter?a=fp_1&i=0

COPENHAGEN ECONOMICS

The Socio-Economic Value of Digital Infrastructures

The table gives an indication of who will have the fastest speeds on the net in the
long term, but the values need to be read with some degree of caution. Firstly,
there are differences in the political status of the objectives of the various coun-
tries. Secondly, there are differences as to when the plans can be effectuated.
Thirdly, some of the countries that Denmark compares itself with have not yet
announced their plans. These countries could announce plans that are more am-
bitious than those in Denmark. Fourthly, some countries have associated various
preconditions to the announced speeds. We have attempted to take these into ac-
count by calculating average speeds, but there is still a degree of uncertainty in
the calculated values.

2.2. DENMARK HAS A GOOD STARTING POINT

Denmark has big potential to derive advantages by being a high-speed society.
We have one of the most e-ready populations. A large percentage of the popula-
tion have broadband access, generally we have a good judicial framework and the
business and public sectors are equipped to receive an e-society.

The World Economic Forum has compiled a list of general conditions for Inter-
net use and place Denmark in the top five — there is consensus on this by,
amongst others, the institutions that follow this development. Table 2.2 indicates
the World Economic Forum’s network readiness list. The numbers show that the
five most e-ready countries are the same in 2009-2010 as in 2008-2009, but
there are small shifts at the top of the list where Sweden has overtaken Denmark.

Table 2.2 World Economic Forum Network Readiness Index Rankings

Country Position 2009-2010 Position 2008-2009
Sweden 1 T 2
Singapore ZT 4
Denmark 3i 1
Switzerland 4T 5
USA Sl 3

Note: Evaluation of e-readiness has as its starting point a number of conditions, including amongst
which is the number of telephone lines per inhabitant, number of secure Internet servers,
electricity production, percentage of population with an education in natural sciences or
technology, quality of research institutes, percentage of population with a tertiary education,
education expenses, access to digital content and speed on the available broadband.

Source: World Economic Forum (2010).

In this report we focus on the socio-economic impacts of broadband speed, be-
cause it is especially in this area that Denmark is lagging internationally and here
there is a need to shed light on the importance of the extra effort. The report con-
tributes by summing the socio-economic advantages at a macro level, something
that has not previously been done for Denmark.

12
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Chapter 3

SOCIAL ADVANTAGES OF AN IMPROVED DIGI-
TAL INFRASTRUCTURE

An improved digital infrastructure induces higher productivity because:

» Knowledge-based workers can quickly find and share knowledge and this in-
creases their productivity.

» Knowledge can be better shared and exploited within companies and other
organizations. This forms the basis for more effective business processes that
increase productivity.

» Distance-working is optimized and commuting time is reduced. The reduc-
tion of commuting time implies that we can work extra hours and this bene-
fits value creation in society.

An improved digital infrastructure also means better welfare because:

» The private and public sectors can develop new services and products that
give greater welfare. This is seen, for example, in the health sector.

» The increased productivity creates competitive skills, ensures employment
and forms the basis for salary development.

3.1. EFFECTS ON INNOVATION

The development of electronic communication has passed through two genera-
tions in the past 20 years. Whenever a new generation of electronic communica-
tion arrived, it introduced fundamentally new methods of communication and
created new uses for leisure and business.

New uses from a business perspective have increased productivity in businesses
and contributed to creating a basis for further innovation. New uses as regards
leisure have created welfare for consumers.

There are various studies that include a historical analysis of what electronic
communication has been used for over the past twenty years, so here we will only
provide a summary. The issue is that higher speeds generate innovation.

The first generation of electronic communication was dial-up connectivity using
modems, where speeds were typically 56 Kbps or 128 Kbps for ISDN. For lei-
sure/home activities this was typically used for sending e-mails, surfing the net
and e-banking. At workplaces the modem connection was mostly used for send-
ing e-mails and for information searches on the net. This often required a large
investment of time for the individual to learn how to use the applications that
were built upon the old types of connectivity.

13
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The second generation of electronic communication is built upon DSL technology
(or broadband), which typically delivers speeds of 4-10 Mbps. The move from
modems to broadband has allowed much greater interaction over the net and a
wide range of new uses has arisen for both leisure and work. Amongst the most
significant leisure activities are online gaming, streaming of music, TV and films,
file sharing on the net and basic video-on-demand technology. In workplaces,
electronic communication has been integrated into work processes and work
processes have been changed and adapted for electronic communication. Elec-
tronic warehousing has been introduced, thereby allowing automatic ordering of
goods when stock levels are depleted. In the majority of workplaces there is an
exchange of documents, technical diagrams and large amounts of electronic data
associated with project solutions. It has also become more common for distance
working, to work whilst commuting etc.

A number of investigations document the effects of fast Internet access on vari-
ous innovation indicators:

= Innovative sales

=  Process innovation

=  Product innovation

» Organizational innovation

Studies show that higher speeds create innovation on all fronts. For example, van
Leeuwen and Farooqui (2008), where the transgression from 56 Kbps modems
to DSL meant that sales arising from new services by Dutch businesses rose by
12.8 percent.

We have used the documented experiences to evaluate how much the compliance
with the High-Speed Committee’s vision will mean for innovation in Denmark.
To do this we have examined the basis for the documented estimates and consi-
dered what the results would have been if the Danish estimates for 2008 were
applied and if the increase in net speed complied with the vision of the High-
Speed Committee.s

The result of the calculation is depicted in Table 3.1. The first column in the table
shows where the results are calculated from. The table’s second column shows
the effect arising from people who already have electronic communication, but

5 The underlying calculations can be obtained from Copenhagen Economics.

14
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now having even faster access. The third column shows the effect arising from a
greater number of people having access to electronic communication. The fourth
column shows how innovation has been measured in the studies, while the fifth
column shows the empirical methods that have been used. The last column
shows the country that has been analyzed. As an example of reading the table,
Polder et al. (2009) analyzed that Dutch and British businesses with a greater
percentage of employees with broadband access have a greater tendency to de-
velop new products, processes and organizational changes when compared to
businesses with a lesser percentage of employees with broadband access. When
we calculate the results from Polder et al. (2009) to shed light on the effect of
achieving the vision of the High-Speed Committee, we see for example that ful-
fillment will increase the percentage of businesses that develop new products
(product innovation), with 18.8 percent, where 12.3 percent arises from increases
in speed and approximately 7 percent arises from more employees opting to use
broadband.

Table 3.1 Effects on indicators for innovation to satisfy the vision of the High-Speed

Committee
Analysis Effect of speed  Effect Innovation Method from Area and year
implementation  target analysis
van Leecuwenand  15.3 % 5.7 % Innovative Micro economics  The Netherlands,
Farooqui (2008) sales/employee 2002-04
3.7% 1.4 % Innovative sales
percentage
Polder et.al. (2009) 12.3 % 6.5 % Product innovation Micro economics ~ United Kingdom
Process innovation and the Nether-
5.4 % 29% Organizational in- lands, 2004
9.1% 4.8 % novation

Note: Method for DK-conversion: Upward scaling of speed and dissemination according to Micus
(2009) in relation to average values from the analysis (or other source with the same data).
In upward scaling logarithmic scales are used.

Source: Copenhagen Economics.

As a whole, there is a range of documented experience indicating that higher
speeds for electronic communication generate increased innovation.

It can furthermore be argued that greater innovation is achieved when one is in a
leading position regarding network speed. The argument is, on the basis of Eeck-
hout and Jovanovic (2002), if a country is lagging as regards its use of informa-
tion and communication technology, then it is economically viable for the coun-
try’s businesses to imitate the leading businesses in other countries rather than
develop their own solutions. On the other hand, if one is ahead, then you cannot
imitate others and it can best pay to develop one’s own solutions.

15
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3.2. EFFECTS ON PRODUCTIVITY

The innovation effects described previously contribute toward increasing produc-
tivity in society; this is because new valuable products and services are created.
On top of this, an improved digital infrastructure can strengthen productivity
through increased working time for the individual, greater productivity for know-
ledge workers and better organization of work activities. In this section we first
provide a simple calculation to illustrate the meaning of an improved digital in-
frastructure for work. Following this, based upon literature, we evaluate how
much an improved digital infrastructure will mean for productivity in Denmark.

An improved digital infrastructure means that it will be easier to work from
home and the more stable connections allow more types of tasks to be resolved
from home. Furthermore, it will be possible to deliver more services from a dis-
tance (meetings with public-sector authorities etc.). All of this means that com-
muting time to and from work can be saved and time for business travels can also
be reduced. Part of the saved time will be converted to working hours.

An American study shows that users with high-speed connections do work two
days more per month from home than those with standard broadband connec-
tions. According to Statistics Denmark, 29 percent of all those employed in Den-
mark do work from home. At the same time, the average daily commuting time
between home and work is approximately 28 minutes. With an extra two days
per month working from home, approximately 8.7 million hours could be saved
on commuting time (equivalent to 4,500 years work). These could be used for
work or leisure activities.

Figure 3.1 shows what the saved commuting time will mean for work being of-
fered, this measured in years of work and for the Gross Domestic Product, de-
pending upon how large a part of the saved commuting time is used for work. For
example, if 10 percent of saved commuting is used for work, then this will in-
crease the work being offered with 454 positions and contribute approximately
DKK 200 mill. to the Gross Domestic Product.

16
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Figure 3.1 Calculation examples for the effects of work
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Note: For calculation of the effect on Gross Domestic Product an assumption is used where the in-
crease in value per hour is DKK 264 — this being equivalent to the average hourly wage in
Denmark.

Source: Copenhagen Economics.

An improved digital infrastructure creates higher productivity. This is because
the digital infrastructure allows for quicker uploading and downloading of in-
formation, more information, more data-heavy information and it increases
productivity in knowledge enterprises, increases working time and creates possi-
bilities for more effective processes.

When viewing productivity increases over a period of time, there are two basic
ways to evaluate the size of the growth. The method used has a big influence on
the results:

» The increase in productivity can be regarded as an increase in the level of
production.

» The increase in productivity can be regarded as an increase in the rate of
growth of production.

Figure 3.2 illustrates the two methods for considering an increase in productivi-

ty. From time point T1 to time point T2 the Gross Domestic Product is shown as a
solid curve. When describing the development as a one-off increase in productiv-
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ity, then this is equivalent to the precondition that the rate of growth is the same
as before, where the average growth rate is shown by the straight line between
production level points To and T1. When describing the development as an in-
crease in the rate of growth, then this is equivalent to accepting that the devel-
opment in the Gross Domestic Product from T1 to T2 will continue, and the line
describing this development in Gross Domestic Product has a higher gradient.

The first approach gives an impression of high short-term effects, while the
second approach gives an impression of significant long-term effects. We se-
lected the first approach because it is the best basis for documentation. A number
of investigations exist that analyze the effect of higher communication speeds on
productivity for various countries and various scenarios. Many describe the effect
as a one-off increase in productivity, whereas there are only few studies where
the effect is analyzed as a higher growth rate.

Figure 3.2 Is the progression gradual or in jumps?

GDP

_________________ Productivity lift

Gradual productivity growth

T0 T1 T2 time

Source: Copenhagen Economics.

In the investigations we have seen, the effects of association are greatest where
communication speed in the investigation group were highest. We do however
see lesser effects per Mbps when the starting point is high. For example our anal-
ysis of these shows:

* Anincrease from 5 to 10 Mbps gives a gain of approximately 1.9 percent.

* Anincrease from 25 to 30 Mbps gives a gain of approximately 0.5 percent.

We will use this to analyze our scenarios for the development of communication
speeds in Denmark. It is difficult to evaluate how an increase in communication

18



COPENHAGEN ECONOMICS

The Socio-Economic Value of Digital Infrastructures

speeds, such as that suggested by the High-Speed Committee, will affect Danish
society. This is simply because such increases in speed, and the speeds them-
selves, have rarely been seen before and we do not have experience with what
happens when they reach such levels. On the other hand, we have experience
from countries that Denmark often compares itself with. These point toward sig-
nificant increases in productivity, even when communication speeds increase
with low levels. With this knowledge we can determine how productivity will in-
crease for different speed levels and we can calculate a relationship between
speed and gains in production. We use this relationship to project the effect on
productivity for large increases in speed.

Figure 3.3 depicts the relationship between speed and the effect on productivity.
We calculated this from documented investigations, the majority of which are
from Franklin and Farooqui (2008). The vertical axis depicts the productivity ef-
fect; for example a productivity effect of 0.2 results in a 20 percent increase in
productivity. The horizontal axis depicts the speeds at which the productivity ef-
fect is measured. The measured productivity effect gives that effect at which all
those employed have broadband access at a specific speed. The points in the fig-
ure show every documented result, and these have been transformed so they can
be compared. For example, the point in the upper-right is based on Finnish busi-
ness data. It shows that the productivity effect can reach up to 29 percent at a
speed of 24 Mbps. This result is also available from Franklin and Farooqui
(2008).

The figure also depicts that the greatest effect is realized for speed increases that
have a low starting point. The graph is steep at low speeds and flattens out at
higher speeds. One Mbps increase creates greater effects, for example when
transgressing from ISDN to DSL, but the same Mbps increase will increase prod-
uctivity to a lesser degree when the starting point is, for example, DSL.
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Figure 3.3 Effect of Internet connection versus Internet speeds from empirical studies

Effect of Internet connection versus Internet speed from emperical studies

035

03

o
B

I
N

o
e
]

e

Urited Kingdom,
specification |

Effect of Internet connection

°
2

’ Unitet Kingdom
United ngﬂoﬁy
n il

@ Netherlands and
United Kingdomn,
services

@ Netherlands and
United King dom,
manufacturing

-~ "® Norway
o oL -® Germany

@ Austria

Finland @

y=0.0618In(x) - 0.0487
R2=02104

@ Netherlands

@ Netherlands,
specification if

@ Hnletherlands,
specification |

Sweden @

o

[] & 10 1% 20 25 30

Czech Republic
-0.05

® ity

01
Averagespeed in Mbps

Source: Copenhagen Economics.

We can use this relationship for scenario analyses. Differing increases in speeds
create different productivity effects. The outset is the current average speed of
approximately 9 Mbps (2010). We note two scenarios:

* Anincrease in speed matching that in the vision of the High-Speed Commit-
tee.

* Anincrease in speed matching that where Denmark will be equivalent to that
planned for Sweden.

The method for calculating the effect is based upon the relationship from Figure
3.3. We can use the dashed line to measure the current productivity effect for
Denmark, which, as stated earlier, has a current speed of approximately 9 Mbps
and covers approximately 44 percent of all workers.s We can deduce that Den-
mark could have attained an approximately 8.8 percent gain in production with
100 percent coverage, and with the actual 44 percent may have realized approx-
imately 3,9 percent productivity gain. In a similar fashion we can measure the
combined productivity gain, for example at a speed matching the approximately
42 Mbps vision of the High-Speed Committee. This gives a potential accumu-
lated productivity gain of approximately 8 percent. The benefit as seen today
must be approximately 8.0 — 3.9 = 4.1 percent. Onto this must be added a lesser
effect resulting from large distribution, this being based upon Franklin and Fa-
rooqui (2008). According to them, a generation change in technology introduces
an approximately 4 percent increase in distribution, which gives a potential dis-

6 According to Statistic Denmark.
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tribution of 48 percent in Denmark. This contributes with approximately 0.8
percent more, which gives us an accumulative productivity gain of approximately
4.9 percent.

Box 3.1 Calculation of productivity effects for speed scenarios
We have evaluated the effects of various scenarios regarding developments in net access speeds for Denmark.

We have based the evaluation of productivity effects on documented evaluations, that is how much an in-
crease in the distribution of broadband has meant, historically speaking, on total factor productivity which is
an expression for general changes in productivity for all production factors. The historical development in
broadband distribution also covers workers that did not have any broadband access, or had a modem (or
ISDN) connection, to now having broadband. Both these types of increases in distribution of broadband en-
compass higher communication speeds. We use knowledge about speeds behind all of the studies to find the
effects of various speed increases. Technically speaking, this approach is termed a meta-analysis.

We focus on speed on the fixed network as there is a broader base of documentation to rely upon.

We work with three scenarios regarding developments in speed. The first scenario is the status quo, which
means no increase in speed. The second scenario is that speed increases in accordance with the vision of the
High-Speed Committee, which we have calculated to imply an increase in the average speed from the current
approximately 5 Mbps to approximately 42 Mbps in 2013. The third scenario is that speed increases in accor-
dance with the Swedish broadband strategy for 2020 with a speed of approximately 92 Mbps. We accept that
an increase in speed follows an inverted exponential trend, where speed increases most in the first year, fol-
lowing which the rate of increase lessens.

Because we base the estimate on historical development, we also build our estimates for effect implicitly on
an assumption that various historical conditions are also applicable in the future. This first requires that we
can transfer effect estimates from other countries to Denmark. Secondly, it implicitly requires that the popula-
tion’s e-capabilities are continually improved so they match the quality on the net (this means that Danish e-
capabilities and net quality must be just as good as those in other countries). Thirdly, it requires that the effect
of future increases in speed per Mbps matches the historic effects, hereby also including that other conditions
for exploitation of improved network quality are improved in accordance with historical development. We do
not take into account that Denmark, by following the development in the scenarios, can achieve an improved
relative position and be among the international leaders that create opportunities for increased innovation.

Results of the calculations are shown in Table 3.2. This indicates substantial ben-
efits by increasing Internet access speeds in Denmark. In relation to the status
quo (9 Mbps), there can be achieved GDP-effects in 2020 of between DKK 114
billion and DKK 170 billion. This is equivalent to a gain of approximately DKK 56
billion when setting goals that match Sweden, as opposed to the more moderate
goals of the High-Speed Committee. When viewing the figures in 2020 it will be
to ensure that the effects have been achieved.

Table 3.2 Calculated effects of speed scenarios

Scenario Effect speed Effect distribution ~ Combined effect GDP effect (2020)
High-Speed Committee o, 0.8 % 49% DKK 114 billion

(42 Mbps)

Sweden (92 Mbps) 6.3 % 1.0 % 73 % DKK 170 billion
Status quo (9 Mbps) 0.0 % 0.0 % 0.0 % DKK 0

Note: Based upon figures from meta-analysis.
Source: Copenhagen Economics.

21



COPENHAGEN ECONOMICS The Socio-Economic Value of Digital Infrastructures

The results are illustrated in Figure 3.4. This shows the development in the Gross
Domestic Product up to 2027. The figure includes four curves. The first shows
the actual development in Gross Domestic Product up to 2008. The next curve,
the dashed line, indicates our enhancement of the Gross Domestic Product with a
growth trend developed from the historic growth trend. This enhancement is
preconditioned by having no development in broadband speeds above and
beyond the pure trends. The third curve shows development under the precondi-
tion that we achieve the vision of the High-Speed Committee in 2013, while the
fourth curve shows development under the precondition that we already in 2013
achieve the speeds that Sweden has planned for 2020. The rate of growth in-
creases in these two scenarios for 2009-2013 because speeds increase in this pe-
riod, in which we assume the digital infrastructure improves.

Figure 3.4 Growth in GDP for various speed scenarios

Growth in GDP in various speed scenarios
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Source: Copenhagen Economics.

The estimated productivity effects are associated with significant uncertainties
because there is no basis of experience to evaluate the large increases in speed.
We therefore had to adjust experiences based on relatively limited increases in
communication speeds so they also account for large increases, and this is asso-
ciated with a large degree of uncertainty. On top of this, we have adjusted the do-
cumented estimates based upon the effects of broadband distribution and ap-
plied these to obtain effects on speed, which also creates uncertainty in the re-
sults.
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3.3. EFFECTS ON EMPLOYMENT

An improved digital infrastructure creates jobs. In the short-term there needs to
be infrastructure, for example cable channels and masts, all of which create jobs
in the building and construction sector. In the long term there will be product
benefits as described earlier. This creates competitive advantages when com-
pared to other countries (and also between input factors), thereby providing
more jobs.

We apply a slightly different method to determine employment effects than that
used to determine production effects. This is because there are fewer investiga-
tions regarding the effects of digital infrastructures on employment. We align
ourselves with the employment effects calculated by Katz et al. (2009) for Ger-
many. In that investigation input-output tables were used for the German econ-
omy. They evaluated how increased activity in the building and construction sec-
tor affected employment in the short term. They were also used to determine how
high Internet speeds increased employment in, amongst others, the knowledge-
based service industry.

Figure 3.5 depicts the results of our calculations for effects on employment.
There are four curves. The first curve depicts the Danish Economic Councils’
(DECs) prognosis for the mid-term development in employment. The next curve
depicts the number of temporary jobs that will be created in the construction
phase when an improved digital infrastructure is implemented. The last two
curves show the number of ongoing jobs that we estimate will be created. These
are, for example, in the knowledge service industry and as a result of higher
productivity and innovation associated with higher speeds. We have evaluated
the effects by satisfying the vision of the High-Speed Committee or by achieving
the same speeds as in Sweden.
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Figure 3.5 Development in employment due to installation of high-speed access, 2010-
2020
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Source: Copenhagen Economics.

This does not refer to hundreds of thousands of extra employment opportunities,
but even a few thousand extra jobs can have a significant value to society. There
is significant socio-economic value when an unemployed person moves from un-
employment benefits to a permanent job. Each unemployed person that finds a
job will save the public sector approximately DKK 16,000 per month in unem-
ployment payments.~ On top of this, a working income is generated and a con-
servative estimate of DKK 18,000 per person per month can be applied, resulting
in more than DKK 200,000 per person per year.

The results for employment estimation are also associated with significant uncer-
tainty.

3.4. EFFECTS ON CO, EMISSIONS

Internet-based solution will be able to replace polluting transportation systems.
This is applicable to:

» Video conferences as opposed to business travels

» Home/Flex work as opposed to physical attendance at a workplace

7 Of the DKK 16,000 only one-fifth thereof is a cost to society, because a transfer of income is not a
loss of resources to society. From a social aspect, the costs arise because social resources are lost in
relation to retrieving the income tax that finances such income transfers.
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To a large degree, society has already begun to rework a range of services. This
process can be expected to strengthen when net speeds increase.

We have performed some simple calculations to determine the effect that lower
transportation needs, as a result of an improved digital infrastructure, will have
on CO, emissions. As already known, transport is a major contributor to CO,
emissions. In 2007, transportation was responsible for one third of the Danish
CO. emissions. The transportation sector has an important role to play as regards
satisfying the climate targets in the Kyoto agreement, to ensure 20 percent less
CO, in 2020 when compared with 1990. Calculations are based upon similar cal-
culations from ETNO and WWF, as in Pamlin and Szomolanyi (2008), for entire
Europe.

Because we do not have a solid basis to determine the number of journeys that
will be saved by an increase in Internet connection speed, we have shown a num-
ber of scenarios in Figure 3.6. For example, a 5 percent fall in transportation
needs — equivalent to working one day from home per month, or by replacing
every twentieth business trip with a video conference — gives 7 percent of that re-
quired to meet the Kyoto target for Denmark. Actually the effect will be a little
higher than that, an American study has evaluated that a person will work from
home two days per month.s

8 RVA Market Research and Consulting (2009)
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Figure 3.6 Contribution to achieving Denmark’s CO, target in 2020 (percent)
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Source: Copenhagen Economics.

3.5. EFFECTS ON INNOVATION IN THE PUBLIC SECTOR
An improved digital infrastructure allows for better public services.

Our previous calculation for productivity and innovation included public services
that were cheaper to produce, but not that the services were necessarily better
than before. In this section we examine what this means for welfare when the
public sector develops new services. Generally speaking, we have calculated what
new electronic growth means for welfare in society. In the private sector, users
can be charged for a new service, which counteracts the welfare benefit that the
users have from the service. In the public sector there is seldom any payment for
delivered services; this means we are lacking a contribution here. In the calcula-
tions we accept that the public sector is just as good as regards electronic services
as the private sector (see Box 3.2).
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Box 3.2 Innovation in the public sector

The public sector is a major part of the Danish economy. It is therefore important that the public sector also
benefits from faster Internet so as to be more innovative and productive. This applies internally for the crea-
tion of services, and externally when interacting with the public. As regards interaction with the public, it is
primarily the provision of services that is in focus, and in fact, the public already has examples of new servic-
es that fast Internet has allowed. For example, we can mention the website of Danish Tax and Customs Ad-
ministration, Easy Account (NemKonto), E-boks, and Informationsportalen. An even faster Internet will natu-
rally allow for more of these services.

In principal, our earlier calculations for innovation and growth also encompass the public sector. There is
however a technical detail regarding macro studies. These will not accept the actual production in the public
sector as their origin, only the expenses (because this is how economists define the public sector). Due to this,
only productivity gains relating to processes and organization are measured (and these are reflected in the ex-
penses), but not the added-value achieved by users of the services, for example as with the Danish Tax web-
site. In other words, something is lacking in our calculations.

We will attempt to create a conventional formula to correct this issue. We accept that an accumulated benefit
of 2% has been measured on productivity and that the public sector accounts for half of the economy. Our
academic studies indicate that approximately '/s of the benefit of 2% can be associated with new products (see
for example Polder et al. (2009)). We can therefore calculate that approximately 0.13% is lacking - the correct
total effect in this case is therefore 2.13%.

Source: Copenhagen Economics

Figure 3.7 Innovation in the public sector (new products)
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Various investigations have indicated the advantages that can be achieved when
improving the public sector; this is for services using digital solutions. The High-
Speed Committee (2010) includes a range of such cases. The Danish Technologi-
cal Institute (2009a,b), has as an example of such a case, looked at the advantag-
es of using digital technology when caring for the elderly and when using broad-
band telemedicine, as described in Box 3.3 and Box 3.4.
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Box 3.3 Case of using digital technology when caring for the elderly

In October 2009, the Danish Technological Institute (on behalf of the Danish Energy Association) analyzed
the benefits to society of using digital technology when caring for the elderly.

The analysis showed that the introduction of new digital communication methods, such as interactive TV, can
radically change the conditions for the elderly, nursing staff and relatives as well as provide the possibility to
prioritize and focus the economic resources in that area.

An improved two-way communication via TV in a sitting room can offer increased quality of life for the el-
derly. This is because they can always have visual contact with nursing staft as well as receive face-to-face
messages as necessary, just like when such staff visit the elderly.

As regards the prerequisites for video communication and image quality, the analysis estimates that a down-
load speed of 13 Mbps and an upload speed of 4-5 Mbps are required. This is to ensure sufficient and stable
image quality as well as capacity for two-way digital video communication and TV reception.

Besides the social benefits for the elderly, there are also significant economic benefits, even with a conserva-
tive estimate. For example, the analysis shows that expenses for elderly care can be reduced by DKK 156 mil-
lion in 2009, DKK 206 million in 2020 and DKK 271 million in 2040. That is only by introducing digital
communication systems for the care of the elderly (see the following Table 3.3).

Introduction of digital communication systems for the care of the elderly is estimated to reduce the number of
absenteeism days taken by nursing staff by at least 20% per year.

Source: Danish Technological Institute (2009a).

The Danish Technological Institute (2009a) estimated the total gain to society as
regards digital care for the elderly. The results of their calculations are shown in
Table 3.3. Digital care for the elderly is estimated to provide the elderly with a
better quality of life, save expenses relating to elderly care by as much as DKK
200 mill. per year and reduce staff absenteeism by as much as 20 percent.

Table 3.3 Possible annual savings by using digital care for the elderly in Danish kroner

(DKK)
Possible savings/Benefits 2009 2020 2040
Savings in care expenses DKK 155.7 mill. DKK 206.1 mill. DKK 271.3 mill.
Savings in elderly that do not DKK 51.9 mill. DKK 68.7 mill. DKK 90.4 mill.
need to live in a nursing
home
Time savings in hours per 568 hours per week
week

Possible reduction in nursing  20%
staff absenteeism days fol-

lowing introduction of the
communication technology

Source: Danish Technological Institute (2009a).
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Box 3.4 Case dealing with telemedicine

Source: Danish Technological Institute (2009b).
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Chapter 4

WHAT IS REQUIRED TO MAKE IT HAPPEN?

In the previous chapter we showed that there are large potential benefits for
Denmark when having an improved digital infrastructure. We will now look at
what is necessary to achieve this potential.

4.1. HOW MUCH WILL PRIVATE PARTICIPANTS CONTRIBUTE?

It is doubtful whether it is economically viable for private operators to provide a
digital infrastructure. This is partly because it is expensive to lay a new infra-
structure and partly because it can be difficult for the individual broadband pro-
vider to achieve the entire socio-economic benefit at higher speed. The latter is
due to various conditions, amongst which is the advantage of higher speed being
shared between consumers and providers and also that tax must be paid on the
profit earned by providers.

As regards the Norwegian government’s analysis of the advantages, expenses and
need for public sector input for an improved digital infrastructure in Norway, the
economic experts estimated that:

“Private solutions regarding the expansion of broadband capacity are unlikely to
lead to a system that is profitable from a socio-economic point of view. Propor-
tion of economies of scale in both consumption and production, as well as a sub-
stantial element of network externalities, will create a discrepancy between pri-
vate financial gains and socio-economic benefits.” (Strgm and Vislie (2009)).

Analyses have looked at the economies of private companies that are capable of
introducing digital infrastructures. In various countries it has been found that
only the most densely populated high-income areas are economically viable for
private companies to introduce such infrastructures:

“In high-density, high income areas, fiber rollouts could potentially yield mod-
est positive returns...” McKinsey Telecommunications Recall no 12: The Fiber
Future.

This means that even in Germany (for example), as indicated in Table 4.1, it is
not economically viable from a private aspect to offer higher speeds to the entire
population. The first column of the table shows a range of different technologies
that can deliver higher speeds for electronic communication. The last six col-
umns show the percentage of population where it is economically viable for pri-
vate providers to service these technologies in various European countries. For
example, in Germany it is only viable to deliver VDSL - a technology that can give
a relatively high speed, but it not necessarily as good a future investment com-
pared to fiber-based solutions - to 72 percent of the population.

30



COPENHAGEN ECONOMICS

The Socio-Economic Value of Digital Infrastructures

Table 4.1 Percentage of population where it is economically viable for private companies
to offer faster Internet

Technology Germany  France Sweden Portugal Spain Italy

VDSL (combined fiber and copper) 71.5 - 18.3 39.0 67.4 100

PON (fiber) 25.1 25.2 18.3 19.2 12.2 17.6

P2P (fiber) 13.7 18.6 18.3 19.2 12.2 12.6
e
Population density 230 111 20 115 89 197

(number of inhabitants per km?)

Area in km? 357,021 547,030 449,964 92,391 504,782 301,230
Population 82.0 mill. 64.7 mill. 9.3 mill. 10.6 mill. 46.7 mill. 60.4 mill.

Source: WIK-Consult (2008).

If in Germany it is not economically viable for private providers to offer high-
speed nets, then it is doubtful if it is viable for providers in Denmark where there
is an even lower population density and a smaller market (as listed in the Appen-
dix of this report). It is obviously always dependent upon a concrete evaluation of
each business case to determine whether it is economically viable to install high-
speed networks. Furthermore, it must be noted that the private economic interest
in high-speed networks will most likely improve in the future as demands in-
crease. It is still doubtful whether private service providers will offer the solu-
tions that create greatest social gain, as also indicated by Stregm and Vislie

(2009).

In developing countries, where one starts without any infrastructure, it can better
pay to install a high-speed infrastructure. This is because use of the Internet in
these countries implies that earnings grow quickly.

4.2. HOW CAN THE PUBLIC SECTOR HELP?

The problem of not being economically justifiable for private providers to offer
the digital infrastructure, which gives the greatest socio-economic long-term
gain, is based on the fact that expected earnings for private providers is too small
and expenses are too large.

The public sector can assist in two ways:

» Create a greater demand for a high-speed infrastructure and thereby increase
the earnings for the private participants by establishing the infrastructure.

* Minimize expenses by establishing the infrastructure.

The High-Speed Committee has suggested that the public sector, to a greater de-
gree, should offer services that build upon a high-speed infrastructure, for exam-
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ple video conferencing as opposed to physical meetings. When the public sector
offers services that are built upon high-speed communication, then it implies
that the public must have access to high-speed networks and this creates a basis
and demand for high-speed networks, which strengthens the income base for
private providers. There also arises a range of applications that are valuable to
the public and which causes them to request high-speed networks and thereby
further strengthen the income base.

There are already a number of examples where the public have readily accepted
solutions that require high-speed communication (see Box 4.1 for examples).

Box 4.1 Case with video conferencing in Guldborgsund municipal area

Guldborsund Municipality in Nykoebing Falster will use video conferencing to provide visual contact with
municipal staff to its citizens at home. The municipality has 6 service centers with 55 members of staff spread
across the entire municipal area. It receives 50,000 — 60,000 requests per year.

Besides providing its citizens with greater flexibility when contacting the municipality, it also provides access
to services at times that best suites the individual citizen. Ultimately it implies improvements in service and
releases municipal resources so they can be used for other municipal tasks.

The municipality has determined that the potential lies with the citizens’ questions regarding housing pay-
ments, new health insurance identification cards and new passports. If only a third of these can be managed
by video conferencing, then the municipality believes that there is lot to save from a financial aspect.

Source: Computerworld (2009).

The High-Speed Committee has pointed to a number of initiatives that can re-
duce service providers’ expenses when establishing high-speed infrastructures.
Lower-costs will advance the providers’ interest to develop the high-speed infra-
structure:

» Municipal management of applications regarding excavations, placing of
masts and technical installation cabinets can be more efficient. Municipali-
ties can, to a greater degree, relate to a provider’s expenses regarding estab-
lishment of a high-speed infrastructure when they have demands for laying
of cables, technical installation cabinets etc. in the local area. Long delays in
managing cases and special demands regarding placement and architectural
compliance often incur slower and more expensive implementation of high-
speed infrastructures.

* The road authorities in municipalities do not cover private shared roads in
rural areas. Excavations for high-speed infrastructure in these areas depend
upon the necessary authorization from each property owner. This can delay
the process and prove expensive for the provider.

*  Municipalities should, to a greater degree, coordinate the excavations be-
tween tele-operators and other service providers. This will reduce the pro-
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vider’s excavation costs and create a better economy for development of the
high-speed infrastructure.

» Obligatory connection to community antenna systems (cable-TV net) can be
scrapped to ensure an optimal framework for new providers of high-speed
infrastructures. Conditions for connection can be found in municipal local
plans, housing servitudes and property owner associations, and these protect
the local area from competition. This protection creates a competitive imbal-
ance in the market and makes it costly for providers to establish a high-speed
infrastructure, because they cannot optimize their expansion based upon
demographic and geographic conditions.
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APPENDIX — OVERVIEW OF DEMOGRAPHIC CONDITIONS

Inhabitants/km2 Area in k2 Population
2 2
USA 31/km 9,826,675 km' 308,147,000
(no. 180) (no. 4) (no. 3)
///.\\‘ South 491.7/km?2 08,480 km?2 48,640,671
Ny Korea (no. 12) (no. 108) (no. 24)
2 2
Estonia 29.5/km 45,226 km 1,332,893
(no. 144) (no. 131) (no. 148)
2 2
Finland 16/km 337,030 km 5,289,128
(no. 190) (no. 65) (no. 111)
20.0/km? 449,964 km? 9,325,429
Sweden
(no. 155) (no. 54) (no. 85)
L2 L3 2 2
ORI A ustralia 2.6/km 7,617,930 km 22,194,945
* (no. 232) (no. 6) (no. 51)
. Javan 337.4/km? 377,835 km? 127,463,611
p (no. 18) (no. 62) (no. 10)
- 230/km? 357,021 km? 82,060,000
G
ermany (no. 36) (no. 63) (no. 14)
] Norwa 12.5/km?2 385,252 km?2 4,850,440
[ || | y (no. 211) (no. 61) (no. 115)
114.7/km? 92,391 km? 10,599,095
Portugal
ortuga (no. 66) (no. 110) (no. 76)
. 99.2/km?2 20,273 km?2 2,011,070
Slovenia
(no. 77) (no. 151) (no. 143)
New 14.8/km2 268,680 km?2 4,035,461
Zealand (no. 164) (no. 75) (no. 121)
126.1/km? 43,098 km? 5,534,738
(no.62) (no. 132) (no. 108)
[ L7 United 243.3/km2 244,820 km?2 60,441,457
v4in Kingdom (no. 33) (no. 77) (no. 22)
Singabore 6,814/km? 710.2 km?2 4,987,600
sap (no. 3) (no. 187) (no. 115)
E . 72.6/km? 329,750 km? 23,953,136
Malaysia
——— Y (no. 97) (no. 65) (no. 46)
60.3/km? 70,273 km? 4,339,000
Ireland
(no. 139) (no. 117) (no. 121)

Note: Figures in parentheses are actual international placement.

Source: Wikipedia, CIA Factbook.
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