Coronavirus impact
on Internet use
Internet infrastructure is under
pressure; but coping
Internet speeds to Amazon and
Facebook have fallen by over 50%
In Germany internet speed has
decreased by 26%
There has been a 5.3% decrease in
internet speed in Europe
Internet traffic grew by 36% in Spain
after lockdown
Tech4i2 Ltd. 6th April 2020
Introduction
This paper provides details of how well internet
infrastructure is coping with increased internet use after
lockdowns in 36 countries in Europe.
We fully acknowledge the unprecedent and devastating
nature of coronavirus. So much has changed. Massive
change provides opportunities to examine impacts that
otherwise might have evolved slowly and unnoticed.
Number of Days after 8th March for
Lockdown or State of Emergency

comparative analysis before and after lockdowns. It is
clear internet infrastructure is under pressure, with
internet speeds decreasing significantly in some
countries and for certain web sites. Reductions in video
streaming quality by Netflix, YouTube and others have
helped to reduce bandwidth requirements and traffic
volumes.

Internet traffic increase in Spain
Internet traffic is directed by enormous backbone
routers which are part of the internet network
infrastructure. Some of the companies that undertake
this routing service provide access to internet traffic
statistics. Analysis of their data shows variation in
traffic by time of day, week and month. Internet used to
be highest at the weekend; typically reaching a peak on
Sunday evenings. Since lockdowns it appears that
Friday evenings are the new peak in many countries.
DE CIX provide real time graphs about the use of their
backbone routers. The yellow graph below provides an
overview of traffic in Madrid between 25th February and
25th March 2020.

Internet traffic in Madrid before and after lockdown

Spanish government introduced the first nationwide
coronavirus restrictions on Wednesday 11th March,
indicted by the black line in the graph. Lockdown was
introduced on Sunday 15th March. Similar patterns of
traffic growth after the introduction of lockdowns can
be observed throughout Europe.
The map above provides a timeline for the introduction
of lockdowns and States of Emergency in Europe,
starting with Northern Italy on 8th March.
Tech4i2 undertake monthly analysis of internet speeds
and traffic volumes. This report provides the first

Comparing the peak traffic flow on Friday 6th March
(360 GB/second) before government action with the
peak on the first Friday (20th March) after lockdown
was introduced reveals a 36 per cent increase in traffic
to 490 GB/second. This increase is in line with the five
largest operators in Spain which reported a 40 per cent

increase in overall IP traffic. Similar patterns of traffic
growth after the introduction of lockdowns can be
observed throughout Europe.
In fourteen days in Spain from 6th March approximately
the same level of internet traffic growth (36 per cent)
occurred that arose over the preceding year (March
2019 to March 2020; 42 per cent). Lockdown in Spain
has created parallel reductions in road traffic in Spain
and NO2 pollution levels have fallen by 41 per cent in
comparison with 2019.

Network pressure and slower internet speed
Under normal circumstances investment in internet
network infrastructure takes place through the addition
of new fibre pathways, backbone routers and cloud and
other data centres at a steady pace to match growth in
internet traffic. Sudden increases in data flows have
caused internet traffic to slow, in much the same way
that too many cars on a motorway cause a decline in
speed.

Across the 13 countries examined there was a 5.3 per
cent decrease in internet traffic speeds. The graphic
below shows a decrease in speed between February and
March for all countries examined.
The position of some countries in the graphic is
relatively understandable. Albania and Serbia have no
backbone routers to guide traffic, so data packets from
these countries have a long way to travel to a router
before being guided to their destination. Romania and
Croatia are ranked 19th and 22nd in the EU27 for
backbone routers. Conversely Slovakia, Austria,
Norway and Sweden have higher than average provision
of backbone servers (per person).

Tech4i2’s monthly speed tests examine the average time
for a piece (packet) of information to travel between
Oslo and Athens. The time for the journey is examined
using ping tests. Our analysis has examined internet
speed for the 13 countries that lie ‘en route’ between the
two capital cities before and after lockdowns.
For most internet users the impact of speed reductions
will negligible and largely limited to videos and VoIP
calls occasionally ‘freezing’. However, reductions in
speed are good indicator of stresses on the internet
network and the resilience of infrastructure.
On Friday 28th February, before any coronavirus
restrictions the journey of a packet of data from Athens
to Oslo, about 3,400 Kms, took 0.2424 of a second
(242.4 milliseconds). The journey in the opposite
direction, from Oslo to Athens, was slightly quicker 241.2 milliseconds.
Norway introduced lockdown on 12th March and Greece
on Monday 23rd. Lockdowns were also introduced in all
the countries en route between Oslo and Athens (except
Sweden), see the previous map for dates.
Our Friday March 27th speed tests (same day of the
week and the same time [21.00 GMT] as the previous
survey) was undertaken several days after all
lockdowns. In these tests a packet of data from Athens
to Oslo took 245.3 milliseconds; 1.2 per cent slower
than pre-lockdown. The journey from Oslo to Athens
was 250.2 milliseconds; 3.7 per cent slower. The
differences in time for the two identical journeys (one
north from Athens; the other south from Oslo) reveals
some of the vagaries of internet routing. Insights to
internet routing are provided in the last section of this
paper.

The 26.7 per cent decrease in Germany is relatively
surprising until one considers that despite having 20
backbone routers, the highest amongst EU27 Member
States, it ranks 23rd for routers per person in Europe –
one per 4,150,000 people. The European average is one
per 3,240,000 people.

Where is network pressure the greatest?
It is likely that network pressure will be highest on web
sites that attract the most traffic. Tech4i2 analysis
examines internet speeds for the most popular web sites
in Europe from seven countries (Germany, Italy, Latvia,
Lithuania, Netherlands, Switzerland and the UK).
Speed tests to the most popular web sites were
undertaken on Thursday 5th March, before the first
lockdowns. The tests were repeated on Thursday 26th
March at the same time of day (15.30 GMT) after
lockdowns.
Reductions in speed of access to the most popular
internet sites in Europe have been far larger than the 5.3
per cent average reduction for Europe described earlier.
Amazon.Com access speed has fallen by 79 per cent.
This loss could well be associated with increased desire

for home delivery, to prevent visiting shops, during
lockdown.
The Facebook and twitter social media sites have also
suffered considerable reductions in speed of access (58
and 43 per cent respectively), probably caused by a
desire to maintain wider social contact during
lockdown.

infrastructure. Some countries (including Germany)
and websites (Amazon and Facebook) under the greatest
stress have been identified by our research. Automated
backbone routing methods are designed to maintain
stability and assign traffic to the ‘best available’ routes,
thereby avoiding pinch points and congestion. Internet
infrastructure appears to have accommodated growth in
traffic volumes reported to be 40 per cent or more in
many countries. Increased traffic has led to a 5.3 per
cent decrease in average European connection speeds.
Internet infrastructure has been resilient. But we are
still in the early stages of the global pandemic and sadly
many more people will become ill. Managing and
maintaining internet infrastructure when problems arise
is a major undertaking. The resilience of the workforce
is yet to be fully tested.
Identification of where congestion has arisen in the last
month provides insights to where network infrastructure
is currently under stress due to lockdowns.

The decrease in Microsoft access speeds (29 per cent)
could be the result of more people using Office 365
when working at home.
The relatively small decline in access speeds for
YouTube and Netflix (29 and 11 per cent respectively)
since the imposition of lockdowns is a little surprising.
However, it is known that both have reduced video
quality to users. Netflix estimates this has reduced their
traffic by 25 per cent. If they had not taken this action
their access speeds would have reduced by considerably
more and it is probable the high volumes of bandwidth
hungry video traffic would have further slowed traffic
speeds throughout Europe.
It will be interesting in the coming weeks to see how
internet speeds to these sites change as the web site
owners and internet infrastructure adjust to higher
volumes of traffic.
Throttling of internet traffic to web sites is normally
forbidden by Network Neutrality regulations in Europe.
This regulation creates a level playing field for all
websites and technologies. On 19th March, after 25
European countries had introduced lockdowns, BEREC
(the European Telecommunications Regulator)
authorised operators to introduce ‘exceptional traffic
management measures to prevent network congestion’.
But they asserted that all internet traffic should still be
treated equally.

Conclusions
The last month has created unexpected and
unprecedented strain on European network

We have increased our internet analysis introduced
weekly monitoring in Europe and the US to provide
more detailed insights to how internet infrastructure is
coping as lockdowns continue and the resilience of
those managing and servicing the network is tested.
Further updates will provided in due course.

How do users access the main internet sites?
The final section of this paper provides a brief overview
and the way traffic travels over the internet. It provides
insights to why and where the internet is currently under
pressure
The sites investigated in this study include Amazon,
Facebook and Netflix. Accessing these services does
not require users to make internet contact with the head
offices of these businesses in the US.
Instead the services and data they provide is stored
throughout Europe in large cloud data centres. For
example Facebook are reported as paying Amazon’s
cloud business (Amazon Web Services - AWS) US$11
million a month to provide users with access to
Facebook. This distributed access is called edge
computing. AWS is also thought to provide edge
services for Apple, LinkedIn and Instagram. AWS have
cloud and edge servers in 14 countries in Europe.
The main cloud service providers in Europe are
Alibaba, Amazon Web Services (AWS), Google, IBM,
Microsoft and Oracle. Together they have
approximately 21 cloud servers in Europe and
secondary ‘on-ramp’ edge cloud servers in 25 locations.
The distribution of cloud and on-ramp servers is shown
in the map below. Density of these servers is highest in
central western Europe.
Cloud and on-ramp servers

Our traffic flow analysis of speeds between Oslo and
Athens reveals that on average traffic flows at 53
milliseconds (ms) per 1,000 km. If cloud servers for the
main internet servers are far away access speeds will
decrease. The graph above shows internet traffic times
to reach the eleven leading web sites examined earlier
(Amazon.com, Facebook etc). Countries in closer
proximity to cloud and on-ramp servers (e.g. Germany
and Netherlands) have faster access speeds.

Why is there a decline in internet speed and
where are the problems?
Data travels in blocks or segments called packets on the
internet. Each packet is a fixed length of 1,024 bits.
The first part (header) of a packet is 96 bits long and
provides details about your computer, the destination
address (IP address) for the packet and other technical
details The last part of the packet (trailer) is 32 bits
long and tells all the computers handling the packet they
have reached the end of the packet.
This leaves only 896 bits for information. If the
information being delivered is more than 896 bits it is
divided into one or more packets numbered in sequence.
When the packets arrive at their destination they are
stripped of the header and trailer information and reassembled.

Provision of cloud centres in the east and south of
Europe is significantly less. This is probably one reason
internet traffic times to the major web sites (Amazon,
Facebook etc. investigated earlier) are slower in
peripheral parts of Europe than in central western
Europe.

Data travels between start and finish locations through
fibre cables that can carry up to 13 Tbps (terabits per
second, roughly 13,300 GB per second). This is usually
called the internet backbone or fibre backhaul network.
This network of fibre cables exchanges internet traffic
between countries, continents and across oceans.
Because of the historical overlap between telephony
networks and digital networks large telecommunications
companies provide a sizeable proportion of the fibre
backbone. Utility and highways organisations also
provide backbone fibre across their networks. Large

tech companies, such as Amazon and Google, have
recently started to deploy new fibre.
When internet traffic leaves a home or business it is
routed by the local network or by an Internet Service
Provider (ISP) to gigantic backbone routers. These
routers are similar to supercomputers in terms of their
processing power. They process millions of data
packets every second and work to configure network
traffic efficiently at major traffic points on the Internet.
Backbone routers direct packets to their end destination,
by checking the end point IP address for a packet on its
own IP directory. If an IP address is not known the
router will seek the information from specialist Domain
Names System (DNS) servers. The backbone router
then determines the route for the packet(s) of data on the
backhaul fibre network.
There are 138 backbone routers in Europe. Every EU27
and EFTA country has one, except Lithuania. On
average there is one backbone router for every 3.2
million people. Iceland and Luxembourg lead provision
in Europe with one backbone router for every 120,000
and 310,000 people respectively. Germany has 20 of
these routers, the highest in Europe. But in terms of
routers per person it is well below the European average
with one router per 4.1 million people. Spain has the
lowest level of provision with one backbone router per
11.7 million people.
In its journey between two locations each packet of data
is sent by a backbone router to its destination by the
‘best available route’. The same route might be taken
by all packets in a message or the packets that comprise
a message might take different routes. If there is a
problem with other backbone routers or backhaul fibre
routes the packets are automatically guided around the
problem by the backbone router. This automated and
complex process of directing huge volumes of internet
traffic adheres to ‘load balancing’ principles. As well as
ensuring packets get to the right location load balancing
ensures the network operates as efficiently as possible
by optimising the response time for each task and
avoiding unevenly overloading compute routers and
fibre when other network nodes might have been left
idle.

Tech4i2
Tech4i2 are an international technology consultancy
company with offices in the UK and Ireland. Tech4i2
have developed digital indexes to monitor internet use
by citizens and businesses in more than 60 countries.
Monitoring activities include examining connectivity
speeds with web sites and between different countries
around the globe.
Internet speed monitoring is undertaken by Tech4i2 on
the same day of the week and at exactly the same time
of day to maximise comparability and control for
extraneous events. Tech4i2 are increasing the
frequency (weekly) and number of locations from which
to collect data in Europe (to 98 cities) and North
America (77 cities). Further insights to network
performance will be provided in the future.
We believe the vast majority of change in our
comparisons before and after lockdowns is due to the
impacts of coronavirus. But as noted above the way
internet traffic is routed is highly complex.

At the time of writing Iceland, Sweden and Turkey have
yet to introduce lockdowns or State of Emergency
regulations.
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