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Motivation
• The internet is omnipresent and now extends into every facet of society.

• It has become a necessity and the facilitating medium for much of the global economy.

• It is important to investigate new ways to measure its effect on the economy and society.

• 2015: £82 billion (5.7% GDP) - AT Kearney. (1)

• Contributes twice as much to UK value added as the Arts, entertainment and recreation 

sector. (2)

(1) The Internet value chain, A study on the economics of the internet, May 2016.

(2) Christopher Hooton, The Internet Association: Measuring the UK Internet Sector. March 14, 2019.



Measuring the human footprint

• All internet activity generates a traffic footprint.

• “The production and use of data is a fundamental element of economic activity, in 
parallel to the production and consumption of goods and services.” (1)

• “This idea leads naturally to focusing directly on measuring data generation, 
flows, use and storage as routes into understanding digitally-based economic 
activity.” (1)

• “More specifically, growth in internet traffic can be used as a proxy for the growth in 
consumption of digital product.” (1)

(1) Charles Bean, Independent Review of UK Economic Statistics: Chapter 3, Measuring the modern economy. 2016.
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Overview of the data



Internet eXchange Points

Internet eXchange map: https://internetexchangemap.com

• Allow networks (Internet service providers, content 

delivery networks) to connect directly at a physical 

exchange rather than via 3rd party networks.

• “Keep local traffic local”: Avoid traffic being 
routed through other cities/countries — reduced 

latency and increased speed.

• 480+ active IXPs globally

• Largest located in Frankfurt (1) — Connects 700 

ISPs, with peak throughput of 6 terabits per 

second.
(1) Deutscher Commercial Internet Exchange (DE-CIX) https://www.de-cix.net

https://internetexchangemap.com
https://www.de-cix.net


London Internet Exchange (LINX)

• 880 connected peers (1):

• Internet backbone providers (BT, Virgin media, 

Hurricane Electric…)

• Content delivery networks + cloud (Cloudflare, 

Dropbox…)

• Companies (FB, AMZN, GOOG, TWTR, NFLX, 

AAPL, MSFT…)

• BBC, HMRC, Janet (UK research network)…

Network throughput statistics — Average Gigabytes per second (Gbps) every 5 minutes: [Timestamp, Gbps]

Image from https://linx,net

(1) PeeringDB, interconnection database: https://www.peeringdb.com

https://linx,net
https://www.peeringdb.com


3 years of internet traffic (LINX - London)
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<— 3*365 days —>

Each data point is the average amount of traffic (in Gigabits per second) observed every 5 minutes.

More dataLess data



Data characteristics

• Upward trend: Average YoY 
growth 24% 2012-15 and 
7% 2016-18

• ONS internet users survey(1) : 
% of users increased 2pp 
per year 2012-15, 1pp per 
year 2016-18 

• Monthly seasonality: Less 
internet traffic in summer

(1) ONS Internet users, UK: 2018 https://www.ons.gov.uk/businessindustryandtrade/itandinternetindustry/bulletins/internetusers/2018

https://www.ons.gov.uk/businessindustryandtrade/itandinternetindustry/bulletins/internetusers/2018


Data characteristics - the 
average day

• Weekly seasonality:

• More data mid-week

• Less data on Friday

• Less data on Sat/Sun

• Sunday night > Friday



Measuring internet time-use



Time use survey

• Average daily internet use 
shows similar trend to 
reported working hours in 
time use survey (1)

• Internet peak matches 
reported device use in time 
use survey and is inline with 
reported working hours

(1) UK Time Use Survey, 2014-2015 https://www.timeuse.org/node/10833

https://www.timeuse.org/node/10833


Time use features

• We identify different points in 

the day and see how these 

evolve over time 

• Time between A - B may be 

proxy for work phase

• B - D may be proxy for leisure 

phase, of which B - C may be 

related to commuting time

• Monthly seasonality



Identifying special events



Weather effects

• Based on residuals from fitted 
model (Singular Spectrum 
Analysis)

• Storm Emma (1) has a 
discernible positive effect on 
internet traffic. (A, B = snow)

• Residuals consistently > 99% 
percentile of all other residuals.

(1) Winter storm Emma https://en.wikipedia.org/wiki/Storm_Emma_(2018)

https://en.wikipedia.org/wiki/Storm_Emma_(2018)


Shopping and sport

• Higher than expected traffic for 
Cyber-Monday, although no 
effect in previous years.

• World cup semi final visible

Internet data 

Monday residual

Internet sales 

index compared 

to October & 

December

2016 +1%    (<95%) +1.75%

2017 -1.7%  (<95%) +1.75%

2018 +4.8% (>99%) +2.05%



Bank holidays

• Holidays always visible in 
residuals with -7.8% 
decrease on average.

• Christmas period 
consistently lower over a 
long period of time.



Identifying events

• Many anomalies 
throughout year 

• Covered only a few 
here (highlighted)

• Both positive and 
negative residuals

• Others: Unexplained, network related 
disruptions, political (polling day), 
major news/incidents.

Significance

New Year’s 

Day
Storm Emma/ 

Beast from the 

East

Easter
England vs 

Croatia World 

Cup Semi-Final

Cyber Monday

Christmas



Relationship with economic indicators



Labour market

• Initial findings suggest trends 

in the internet traffic indicator 

of "working hours" bears only 

some relationship with the 

official (1) data.

(1) ONS Labour force survey.   



GVA

• Internet traffic in the working day 

has increased far faster than 

GVA.

• There is a slight positive 

correlation (insignificant) 

between changes in internet 

traffic during working hours and 

GVA.

• Tentatively, internet traffic seems 

to proceed GVA, although not 

significantly so.



Summary

• New timely data source with various potential uses

• It may be useful for:

• Measuring time use and internet use 

• Proxy measures for event impacts (e.g. snow)

• As part of a “data-driven economy” set of indicators



Thanks for listening.

Comments, questions?

web: datasciencecampus.ons.gov.uk

email: datasciencecampus@ons.gov.uk

twitter: @DataSciCampus


