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Introduction

The Internet is a global network of networks, yet every 

provides an outlook on the current state of the Internet in 

market landscape and its state of development, examine 
Internet routing within the region, take a close look at its 
access to the global domain name system, and investigate 

on what we can observe from the RIPE NCC’s measurement 

RIPE NCC’s service region – Portugal, Spain, France, Italy 
and Greece – and present a comprehensive analysis of 
the region’s Internet development and potential for future 
growth in order to inform discussion, provide technical 
insight, and facilitate the exchange of information and 
best practices regarding Internet-related developments in 

countries along the east coast of the Adriatic Sea, as they 
were covered in the RIPE NCC Southeast Europe Country 

to support Internet development throughout our service 
region by making our data and insights available to local 

Highlights
 t
development, healthy market competition, and robust 
and resilient Internet infrastructure

 t Although IPv4 shortage is less of an issue in this region 
than other parts of the world, further IPv6 deployment 
is still needed to achieve EU-wide connectivity goals as 
well as future growth

 t The level of IPv6 deployment varies greatly in the 
region, with several countries at the forefront while 

 t
optimised, although there are a number of anomalies 

 t
connecting them to the rest of the global Internet
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The Mediterranean Europe 
Market and Opportunity for 
Growth

The Market Landscape
The countries included in this report span a wide range of 

have some shared ICT objectives, such as the EU’s 2025 
broadband goals,1 and, to a large extent, share a common 

development and although incumbent providers maintain 

open and competitive, providing a good level of choice for 

Some of the providers in this region are global players, 

2 

Number of Providers and Other Organisations 
Running Their Own Networks
As the Regional Internet Registry for Mediterranean Europe, 
the RIPE NCC can track the development of the local 
Internet over time through growth in the number of RIPE 

growth in the three larger countries – Spain, France and 

It’s interesting to note that the number of LIRs in Spain, after 
skyrocketing between 2016 and 2020, actually started to 

those of France and Italy, although the population of Spain is 

market, with a larger number of service providers operating 

1  https://ec.europa.eu/digital-single-market/en/broadband-strategy-policy 
2 European 5G Observatory

Figure 1: 
Number of Local Internet Registries over time
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RIPE NCC Members and Local Internet Registries 
(LIRs)
RIPE NCC members include Internet service providers, 
content hosting providers, government agencies, 
academic institutions and other organisations that 
run their own networks in the RIPE NCC’s service 

The RIPE NCC distributes Internet address space to 
these members, who may further assign IP addresses 

open more than one account, called a Local Internet 

For a long time, the majority of RIPE NCC members were 

own networks, including hosting providers, government 

more organisations to exert more control over their 
Internet address resources and the ways in which they 

of LIRs doesn’t necessarily translate into an increase in the 

In addition, it’s possible for the same organisation to hold 

trend after 2012, when the amount of IPv4 address space 
being allocated was restricted as the remaining IPv4 

this taking place in Mediterranean Europe – especially in 
Spain, where 175 LIRs closed between the start of 2020 and 
the time of writing, 93 of which were “additional accounts” 

opened in Spain, creating a downward trend in terms 

Network Growth and Diversity
In general, a larger number of Local Internet Registries 
corresponds to a larger number of independently operated 
networks called Autonomous Systems, each of which 
is represented by an Autonomous System Number, or 

The number of networks in a given country is one indication 

opportunity exists for interconnection among networks, 

The RIPE NCC is responsible for the allocation of ASNs in its 

Again, we see the larger countries dominating here, 

countries doesn’t translate directly into more competition 

prices, at least, Italy is one of the six least expensive 
countries in the EU, while France is one of 11 EU countries 

Portugal are three of the seven EU countries that fall 

3 

Figure 2: 
Number of networks 
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3  https://ec.europa.eu/digital-single-market/en/broadband-connectivity
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IPv4 Address Space in Mediterranean Europe
Until 2012, RIPE NCC members could receive larger amounts 

2012, the RIPE community instituted a policy allowing new 

in order to help them make the transition to IPv6, the next 
generation protocol that includes enough IP addresses for 

made the last of these allocations and a system now exists 
whereby organisations that have never received IPv4 from 
the RIPE NCC can receive an even smaller allocation from 

accounts are closed and address space is returned to the 

growth in the amount of IPv4 space in Portugal and Greece, 

growth in Italy and the highest growth rate in France – all 

of organisations opened additional LIR accounts to receive 
further IPv4 allocations, the amounts were so small that 

IPv4 Secondary Market

secondary market has arisen in recent years, with IPv4 

ensuring only that the RIPE Database – the record of 
which address space has been registered to which RIPE 

Figure 3: 
IPv4 holdings

Figure 4: 
IPv4 holdings by organisation
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As demand for IPv4 continues despite the dwindling pool 
of available space, many providers and other organisations 

IPv4 transfers that have taken place within, into and out of 

world, with IPv4 addresses being transferred both to and 

is dominated by the three larger countries of Spain, France 
and Italy, all of which include a large number of domestic 

organisations have been:

 t
 t
 t Vodafone España: 646,144 addresses
 t
 t

4

Internet Penetration and Potential for Future Growth

especially, we see the unusual case of there being more 
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Figure 5: 
IPv4 transfers within, into and out of Mediterranean Europe between December 2016 and May 2021

4  https://www.reuters.com/article/rcom-debt/rcom-goes-to-bankruptcy-court-to-resolve-debt-
burden-idINKCN1PQ4WT?edition-redirect=in
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two orders of magnitude more IPv4 addresses per capita 
than we’ve seen in some other countries in the RIPE NCC’s 
service region, and can likely be attributed to the early 
Internet development that took place in Mediterranean 

the lower Internet access rates in the EU, these percentages 

Interestingly, rates for broadband subscriptions don’t follow 

access, Greece and Portugal have higher rates of broadband 

explained, at least in part, by the fact that Spain and Italy 
have the most mobile subscriptions per capita, suggesting 
that people in those countries rely more on their mobile 

Figure 7: 
Fixed broadband subscriptions per 100 people over time
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In particular, Italy’s notably larger number of mobile 
subscriptions might be at least partially attributed to 

rates, averaging more than one per person, even though 

a slight decline in Italy in recent years, possibly signalling 

regulator and key operators, which have invested in shared 
5

address space, the high rates of mobile subscriptions mean 
that mobile operators in particular are likely relying on 

users to share a single IP address, such as carrier-grade 

documented drawbacks to address-sharing technologies, 
and deploying IPv6 remains the only sustainable strategy 
for accommodating future growth and reaching the EU’s 

Mbps connection by 20256 – not to mention supporting 
emerging technologies such as 5G, the Internet of Things 

IPv6 in Mediterranean Europe

the region, followed by Italy and Spain, with Portugal and 
Greece holding just a fraction of the space that these larger 

Figure 8: 
Mobile subscriptions per 100 people over time
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Figure 9: 
IPv6 holdings
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6  https://ec.europa.eu/digital-single-market/en/broadband-strategy-policy

Source: OECD

5  ITU background paper: Infrastructure sharing and co-deployment in Europe: good practices 
based on collaborative regulation
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shows the organisations with the three largest amounts 

organisations hold large amounts of IPv6 address space 
does not mean they have actually deployed IPv6 and that 

entire networks and be able to serve their entire customer 

addresses registered in Italy, but has achieved more than 

Figure 10: 
IPv6 holdings by organisation
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Because larger IPv6 allocations are made 
according to need, we would expect to 

of the amount of IPv6 address space as 
France, but its deployment rate is a small 

In trying to better understand the 
situation, we look to the RIPE NCC Survey 
2019,7 which polled more than 4,000 
network operators and other members 
of the technical community, including 674 
total respondents from Portugal, Spain, 

in Portugal, France and Greece indicated 
that they believe their organisations will 

is in line with the total average among all 

about the current state of their networks’ 

Portugal, France and Greece said that they 

total average among all respondents was 

in Spain and Italy said they had no plans 
to deploy IPv6, compared to an average 

looking at why respondents from Spain 
and Italy hadn’t yet deployed IPv6, the top 
reasons given were a lack of business need 

and Italy who said they were fully deployed, 

were currently testing IPv6 or had just 
started deployment, so perhaps we will see 
improvement in IPv6 deployment in these 

Governments, regulators, Internet 

for example, the telecommunications 
regulator, Arcep, has been active in 
pushing IPv6 deployment, launching an 
IPv6 task force in 2019 and publishing 

where we also see a high level of IPv6 

has also been very active in encouraging 
its members to deploy IPv6, and the local 
technical community, through GRNOG, 
is extremely active in supporting the 
country’s network operators in their own 

overall Internet development and the 
ability to transition to the next generation 

Figure 11: 
IPv6 deployment rates

Sources: Akamai: https://www.akamai.com/us/en/resources/our-thinking/state-of-the-internet-report/state-of-the-internet-ipv6-adoption-
visualization.jsp. APNIC: https://stats.labs.apnic.net/ipv6. Facebook: https://www.facebook.com/ipv6. Google: https://www.google.com/intl/en/
ipv6/statistics.html#tab=per-country-ipv6-adoption. 7  RIPE NCC Survey 2019: https://www.ripe.net/survey
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2. Domestic and International 
Connectivity

Domestic Connectivity Between Networks
To understand the relationships that exist between 

within each of the countries using data from the RIPE NCC’s 

distributed set of route collectors to collect and store 

For each country, we plot how the routes propagate from 

through international networks; our focus is on routing 
inside each country and the connections to the outside 

the width of the lines is determined by the number of paths 

correspond to any kind of geographical layout; instead, 

the RIS route collection processes, our view is limited to the 

peering relationships between two service providers in a 
country when one or both partners announce the other’s 

that we can detect provides valuable insight into domestic 

France and Italy, and one to two hundred in Portugal and 
Greece, it is unfortunately not possible to visualise all the 

get a picture of high-level patterns, however, we restricted 
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In France, we can see nine clusters around various 

country’s domestic connectivity by connecting a number 

OpenTransit – Orange’s international backbone – for its 
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Figure 12: 
Connectivity between networks in France
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Spain’s domestic connectivity is dominated by two networks: 

situation in France, we can also see how Orange España 
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Connectivity between networks in Spain
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main upstream provider for Telecom Italia’s domestic 
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which is seen as a direct upstream provider for several 

Figure 15: 
Connectivity between networks in Greece
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substantial fraction of Portugal’s networks to the rest of 
the Internet, both directly and indirectly, with most of the 
indirect connections passing through MEO Internacional 

Internacional, in turn, is the exclusive upstream for other 

a single organisation can use multiple ASNs to structure its 

Other major players in connecting Portugal to the rest of the 

external connectivity, though some paths are also seen 

A visualisation of Internet connectivity, like we see in these 

with a large distribution of paths and interconnections 

countries included in this report display a high level of 
interconnectivity among their domestic networks, indicating 
a mature, developed local landscape that provides a good 

Figure 16: 
Connectivity between networks in Portugal
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International Connectivity
Extending our view, we now look beyond domestic 
connectivity to examine how Mediterranean Europe 

again turn to the RIPE NCC’s Routing Information Service 

us an overview of which operators provide international 

In France, we see OpenTransit, Orange’s international 
backbone, in a large number of the paths connecting 

international players like Cogent, Level3, Telia and others 
directly serve hundreds of other French networks without 
going through the incumbent or a handful of large domestic 

choice of large upstream providers serving Italy’s domestic 

Figure 17: 
France’s international connectivity

Figure 18: 
Italy’s international connectivity
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In Spain, international connectivity is dominated by the 

two is clear, the relative size is not representative of the real 

probably caused by Orange España announcing its address 
space in smaller fragments, creating a larger number of 

Figure 19: 
Spain’s international connectivity
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earlier, these countries have an order of magnitude fewer 

main providers in Portugal and Greece play a role in a 
much larger fraction of the routing paths into and out of 

Panafon being overrepresented in terms of its actual market 
share, as it simply has a larger number of announced 

Vodafone-Panafon, the former likely has diverse peerings 

This is because relying on a small number of dominant 
domestic providers to provide the vast majority of the 
connections into and out of a country creates the potential 
for bottlenecks and single points of failure, negatively 
impacting that country’s Internet stability, regardless of how 

Europe, the visualisations of the countries’ international 

and Italy we see an especially high level of diversity in 

in Portugal and Greece, the interconnection environment is 

 

Figure 20: 
Portugal’s international connectivity
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Figure 21: 
Greece’s international connectivity
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Paths and Routing Security

Reaching the Domain Name System 

K-root and DNS 
K-root is one of the world’s 13 root name servers that 

 

constellation of these root name servers consists of 

resiliency and results in faster response times for DNS 

These measurements are based on the RIPE NCC’s RIPE 
Atlas measurement platform, which employs a global 
network of probes to measure Internet connectivity and 

Note that K-root is just one of the world’s 13 root name 

make its own decisions about which particular root name 

would be relatively slow, it is highly likely that clients would 
opt for faster alternatives among the other root name 

some insight into how the routing system considers the 
various options and decides which networks and locations 

Border Gateway Protocol and Anycast 
The K-root name server, like many other DNS servers, 

instance of K-root is independently connected to the 
Internet via a local Internet exchange point or any 

Each instance communicates using the Border Gateway 

important criterion here is path length, and the system will 
choose the path with the lowest number of intermediary 

the BGP decision-making process, often for reasons 

networks to prefer routes that may be longer but are 
less expensive due to peering arrangements via an 
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There are eight K-root instances hosted in this region, 

which K-root instances were reached by RIPE Atlas probes 

were located in the region, while the other half were located 

seven of the eight K-root instances in the region being 
reached overall, with the exception of the instance in Prato, 

far away as Brazil, Armenia, China and Iran – all of which are 

Figure 22 also showcases how dynamic the domain name 

From early December 2019 to early February 2020, the 
K-root instance in Lyon was unavailable as the host network 

an impact on the performance of the root name service, as 
the Border Gateway Protocol automatically found available 
alternatives in Amsterdam, Karlsruhe and Gdynia – all of 

Once the work was completed on the host network in Lyon, 
the K-root instance hosted there was re-enabled and DNS 

we saw the majority of probes reaching the instance in 

instances in Barcelona or Madrid, with a smaller number 

probes reaching the K-root instance in Lyon than any 
other instance; interestingly, however, far more probes 
reached the instance in Palermo than the one located in 

in Milan or Palermo, but the majority of the remainder 
were sent to Frankfurt, with a smaller number reaching 

Figure 22: 
K-root locations reached from within Mediterranean Europe (IPv4)
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in Greece, where the vast majority of probes reached the K-root 

the region were reasonable, with a few exceptions of probes in 
France reaching an instance in Salvador, Brazil that resulted in 
longer response times and one case of a probe in Spain taking 
an unusually long time to reach an instance in Madrid, perhaps 
due to network congestion or suboptimal routing, although the 

As we have RIPE Atlas probes in hundreds of networks in this 
region, a graph including every network would be illegible; as a 
compromise, we included networks that have at least four active 

Traditionally, the BGP decision-making process would ensure 

option, there is consistency across all the routers that are part of 

few cases in which we see networks favouring a K-root instance 

due to the peering arrangements or other relationships that exist 

we see that Greece is particularly optimised, with all the probes 

for a network in Mediterranean Europe to a root name server 

generally have less control over their routing and will be more 

0 10k 20k 30k 40k 50k 60k 70k 80k 90k 100k 110k

Palermo/ITLyon/FRZurich/CH Berlin/DE Frankfurt/DE Athens/GR Barcelona/ES
Salvador/BRAmsterdam/NLGeneva/CH

Madrid/ES
Milan/IT Karlsruhe/DE London/GB Paris/FR

Measurements 

Network name ProbesASN
Orange

PROXAD

LDCOMNET

BOUYGTEL-ISP

OVH-TELECOM

KWAOO

CEGETEL

FR-RENATER

OVH

Online SAS

JAGUAR

NordNet

Tubeo

E-LIANCE

FREEM

NOS_COMUNICACOES

MEO-RESIDENCIAL

VODAFONE-PT

NOS_MADEIRA

CABOTVA

Telecom Italia

WIND TRE

FASTWEB

VODAFONE-IT

NGI

TISCALI-IT

LINKEM

ASGARR

CASAWEB

NET_GLOBAL_SRL

Telefonica_de_Espana

Orange Espagne

DIGISPAINTELECOM

XTRA TELECOM

RedIRIS

OTENET-GR

VODAFONE-PANAFON

FORTHNET-GR

WIND

3215

12322

15557

5410

35540

24904

8228

2200

16276

12876

30781

8362

208574

41090

51207

2860

3243

12353

15457

42580

3352

12479

57269

15704

766

6799

3329

1241

25472

3269

1267

12874

30722

35612

8612

198471

137

21309

50316

215

81

5 14 41

13

9

7

6

4

4

312

30

11

8

6

67

25

23

14

14

9

6

5

4

4

44

15

4

4

4

29

15

12

7

7

10

4

57

11

219
FR

PT

IT

ES

GR

Figure 23: 



RIPE NCC Internet Country Report: Mediterranean Europe | 2021
RIPE NETWORK COORDINATION CENTRE

23

unless they make their own peering arrangements and individual 

remembering that these results are for K-root only, and that DNS 
clients in the region are likely reaching other root name servers 

 

Again using data from the RIPE Atlas measurement network, we 

performed traceroutes from each RIPE Atlas probe to every other 

those measurements disclose the IP addresses of the routers 
involved, we then used RIPE IPmap to geolocate those network 

Routing packets a long way to an exchange point, only to have 
them travel back to a destination close to the origin, is referred 

detours generally increase costs for the network operator 
and, more importantly, the additional distance travelled 

additional dependencies on external providers, which could 

Figure 24: 
Paths between origin and destination in Portugal (IPv4)
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subset of paths detour to locations outside of the country 

a performance point of view they are not necessarily the 

farther away locations, rather than relying more heavily on 

exchange points, some of the paths we observed are really 
suboptimal, extending as far away as San Francisco to the 

is for Internet users in France depends on the amount of 

cannot measure – instead, we can only discover which 

 

Figure 25: 
Paths between origin and destination in Greece (IPv4)
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Figure 26: 
Paths between origin and destination in France (IPv4)
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Figure 27: 
Paths between origin and destination in Spain (IPv4)
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Figure 28: 
Paths between origin and destination in Italy (IPv4)
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Routing Security

originating in the region, we can also investigate routing 

IP address space is protected by Resource Public Key 

allocated or assigned to the resource holder by a Regional 

routing error on the Internet: the accidental announcement 

which provides all available information about IP address 
space, ASNs, and related information for hostnames and 
countries – we can see what percentage of a country’s IPv4 

space registered to organisations in those countries is 

and that most of the country’s providers, even the smaller 

shows various sharp increases for all countries, which 
happen when a single, large provider adopts RPKI and 

Vodafone-Panafon in Greece creating ROAs, which shot the 

Figure 29: 
IPv4 address space covered by RPKI
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provider, Orange, creating a ROA for its large /19 allocation 

can all help encourage smaller players to certify their 

current operational practices around routing security in 
general to better safeguard the Internet and reduce the 
opportunity for bad actors to hijack resources and attack 

Figure 30: 
IPv6 address space covered by RPKI
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It’s worth noting that all of the observations in this report 
are based on active paths, and we cannot know what 
“hidden” world of backups exists that would automatically 

redundancy does exist would provide the system with 

Conclusion

Mediterranean Europe has a long history of Internet 

competitive markets, sophisticated infrastructure, skilled 

Enterprises and citizens alike have access to a wide range 

through multiple exchange points – the result of regulators 
and operators working together and prioritising shared 

highly interconnected, providing a good level of resiliency 

the rest of the global Internet by a large number of diverse 
routes into and out of the country, adding further stability 

Routing is generally optimised for fast response times, 
although there are a number of cases where more distant 
exchange points seem to be favoured over domestic 
options, which unnecessarily increases costs, foreign 

Countries in Mediterranean Europe enjoy high Internet 
penetration rates and large amounts of IPv4 address 

to connect the millions of remaining households that are 
yet to be connected as part of the EU’s connectivity goals 

the roll-out of 5G and the development of IoT and other 



RIPE NCC Internet Country Report: Mediterranean Europe | 2021
RIPE NETWORK COORDINATION CENTRE

31

About the RIPE NCC

The RIPE NCC serves as the Regional Internet Registry for 

we allocate and register blocks of Internet number resources 

 

support the open RIPE community and the development of 

Data Sources
The information presented in this report and the analysis 
provided is drawn from several key resources: 

RIPE Registry 

information is contained in the RIPE Database, which can 
be accessed from 

RIPE Atlas
RIPE Atlas is the RIPE NCC’s main Internet measurement 

users can also perform customised measurements to 
 

Routing Information Service (RIS)

and storing Internet routing data from locations around 

 

The data obtained through RIPE Atlas and RIS is the 

always looking at ways to get more RIPE Atlas probes 

Other RIPE NCC tools and services
 t RIPEstat: 
 t RIPE IPmap: 
 t K-root: 

External Data Sources

providing background information included in this report 


