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Leeds is a friendly, diverse, 
international city.

But getting here can be awkward.

If you were going to build a global 
high-speed transport network to 
serve the needs of the students 
and workers of the People's 
Republic of West Yorkshire, what
would it look like?

A Fully Automated Luxury 
Global Public Transport 

Network



 

 @wnd@fosstodon.org

With 25-years of being paid to work with 
technology, by day I am the Network Rail 
Trains Portfolio Architect and European 
Infrastructure Manager speaker at the 
European Agency for Railways data 
standards board
 
At night I use data science  to think 
about things like where people go on 
trains

Will Deakin



You may also know me from...

COM3523 
Software Re-engineering

TRAN5340M 
Transport Data Science

INF4000 Data 
Visualisation

INF4001 Information 
Visualisation for Decision 
Making



Will Deakin

will.deakin@networkrail.co.uk

Trains Portfolio Architect

IT Delivery

Introduction
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The People



Where do people huddle

(1km2 WorldPop)



Where do people huddle

(Copernicus GHSL)
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The Where



Road Rail





Where do people huddle?
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Freight



UK produced 455 million tonnes CO2 
equivalent (mtCO2e) in 2019

Transport accounted for 122 mtCO2e 
(26.8%) of which

• HGV 19.5 mtCO2e (16.0%/4.2%)

• All rail 1.7 mtCO2e (1.4%/0.04%)

A freight train removes up to 76 HGVs 
from our roads

DfT Transport Statistics (2021)

Green House Gases (CO2)



Activity Type kg CO2 / tonne km Ratio

Cargo ship General cargo 0.01323 0.52

Cargo ship Container ship 0.01614 0.63

Rail Freight train 0.02556 1.00

All Articulated 50% Laden 0.10775 4.22

All Articulated 100% Laden 0.06713 2.63

All HGVs 50% Laden 0.14606 5.71

All HGVs 100% Laden 0.0882 3.45

UK Government GHG Conversion Factors for Company Reporting

CO2 Comparison
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One freight train removes 76 HGVs from our roads

Activity Type kg CO2 / tonne km Ratio

Cargo ship General cargo 0.01323 0.52

Cargo ship Container ship 0.01614 0.63

Rail Freight train 0.02556 1.00

All Articulated 50% Laden 0.10775 4.22

All Articulated 100% Laden 0.06713 2.63

All HGVs 50% Laden 0.14606 5.71

All HGVs 100% Laden 0.0882 3.45

CO2 Comparison



Passenger



• Emissions
• Air pollution
• Noise Pollution
• Urban heating
• Flooding risk

Cars?



Emissions

Weather Impact



Emissions

Motornormivity



Car Brain



Stop me if you’ve
heard this one

before



• Social exclusion
• Physical problems
• Mental health issues
• Road violence

Why Public Transport?



Emissions

Health Impact



29,711 killed or seriously injured (KSI) casualties
132,977 casualties of all severities

Vehicle Fatality

Car 1,255

Motorcycle 336

LGV 196

HGV 188

Pedal cycle 92

Bus or coach 59

Total 1,624

Road User Fatality

Car occupants 725

Pedestrians 405

Motorcyclists 315

Pedal cyclists 87

Other occupants 92

Total 1,624

From reported road casualties Great Britain, 
2023 (Department for Transport)

Road Violence



The Where



Hidden Hinterlands
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Dorthin



More
Let’s walk



More
Let’s walk



More
Let’s walk



Emissions

Tomorrow 
and

Tomorrow
and

Tomorrow



The Approach

The Approach
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Rail 
Electrification

Network
Building



A5 Population



H3 Population



A5 Network



H3 Railway



Network
Simplification
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Simplification



Armley



Armley



Network
Simplification



Doncaster



Doncaster



PyPI



Paper



Network
Simplification



A5 Gravity Model



H3 Gravity Model



A5 Spanning Tree



H3 Spanning Tree



Rail 
Electrification

Rail
Infrastructure



Railway
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Rail 
Electrification

Global
Rail



Rail 
Electrification

Channel 0
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Rail 
Electrification

Level 1
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Rail 
Electrification

Level 2
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Work in progress



‘Once upon a time on a hot day in May 
2020 amidst a pandemic lockdown, a rail 
engineer tweeted....’

Rail Electrification



Rail Electrification



Where?



The 
Railway

The Reshaping of British 
Railways

‘The Beeching Report’ 1963



Seats Carriages Services

Animation goes here



More



Equality 
or

Equity?



More

hic sunt 
dragones



Region public transport railway total

London 1,047 218 1,313 

North West 440 84 729

West Midlands 477 36 706

South East 327 23 628

East 359 21 599

North East 264 34 541

Yorkshire and The Humber 223 35 495

South West 178 34 429

East Midlands 175 32 368

Total England 432 66 693

GBP per head 2023/24 from Commons Library research briefings

Transport Funding



Leeds Metro



Global Railway



Questions 
and 

Answers



Parting Words



Art



The 
Railway



More

The How



Open Data (Current attribution)

All data used on the basis that it under open or permissive 
license. 

1. The base map of mainland Britain is derived from 
the WorldPop base maps under CC 4.0 by 
deed retrieved 2026-08-08.

2. The centre-line track-model is hosted 
by OpenRailData under the Open Government 
License by Network Rail, retrieved 2026-06-14.

3. The Origin Destination Matrix data, for example ODM 
2022-23, were published by the Office of Road and 
Rail on the Rail Development Group Rail Data 
Marketplace, under the Open Government License. 
Retrieved 2024-02-18.

4. The Station Attributes for All-Mainline Stations 
published by the Office of Road and Rail under the 
Open Government License. Retrieved 2026-09-08.

5. The Network Rail CORPUS dataset is an open data 
feed which is released under a OGL. Retrieved 2023-
11-29 as a local copy.

6. The National Public Transport Access 
Network NaPTAN under OGL and is updated each 
time the scripts are run.

7. While this implementation now uses NaPTAN and 
CORPUS to validate and identify six closed stations, 
the Isle of Wight ferry-link continues to 
use OpenStreetMap data, licensed under CC-BY-SA 
2.0 through the OverPassAPI Turbo service, and is 
updated each time the scripts are run.

https://hub.worldpop.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://github.com/openraildata/network-rail-gis
https://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
https://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
https://raildata.org.uk/dashboard/dataProduct/P-a839de9f-eafa-495e-92e3-ff23a33ad876/dataFiles
https://raildata.org.uk/dashboard/dataProduct/P-a839de9f-eafa-495e-92e3-ff23a33ad876/dataFiles
https://raildata.org.uk/dashboard/dataProduct/P-a839de9f-eafa-495e-92e3-ff23a33ad876/dataFiles
https://raildata.org.uk/dashboard/dataProduct/P-a839de9f-eafa-495e-92e3-ff23a33ad876/dataFiles
https://raildata.org.uk/partnerDetails/1034/details
https://raildata.org.uk/partnerDetails/1034/details
https://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
https://raildata.org.uk/dataProduct/P-f9c7e715-1367-47b0-aee3-38d73d2ebe04/dataFiles
https://raildata.org.uk/dataProduct/P-f9c7e715-1367-47b0-aee3-38d73d2ebe04/dataFiles
https://raildata.org.uk/dataProduct/P-f9c7e715-1367-47b0-aee3-38d73d2ebe04/dataFiles
https://raildata.org.uk/partnerDetails/1034/details
https://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
https://wiki.openraildata.com/index.php/Reference_Data#Downloading_CORPUS_Data
https://networkrail.co.uk/who-we-are/transparency-and-ethics/transparency/open-data-feeds/network-rail-infratructure-limited-data-feeds-licence/
https://data.gov.uk/dataset/3b1766bf-04a3-44f5-bea9-5c74cf002e1d/national-public-transport-gazetteer-nptg
https://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
https://www.openstreetmap.org/#map=12/50.7738/-1.2607
https://openstreetmap.org/copyright
https://openstreetmap.org/copyright
https://openstreetmap.org/copyright
https://openstreetmap.org/copyright
https://openstreetmap.org/copyright
https://openstreetmap.org/copyright
https://overpass-turbo.eu/


Emissions

Emissions



Incremental Change

Significant investment 
in rail will 
make a 
difference

Is it enough?



Incremental Change

Significant investment 
in public transport 
makes a 
difference

Is it enough?



Is it enough?



Build it and 
they will 
come!



Will Deakin
@wnd@fosstodon.org
@anisotropi4

Thank You



Postscript

‘It is better to ask some of the questions that to know all of the answers’

- James Thurber

My thanks go to my ever and long suffering family, all friends, colleagues and 
contributors to all the projects I have wilfully used for their help, support and 
advice



Tools

• github.com

• gist.github.com

• bl.ocks.org

• d3js.org

• python.org

• gdal.org

• leaflet.js

• ./jq

• nodejs.org

• Tesseract-OCR

• MapBox Tippecanoe

• a5

• arangodb.com

• postgresql.org

• tabula.technology

• tesseract-OCR

• solr.apache.org

• qgis.org

• gdal.org

• python Pandas

• python GeoPandas

• python osmnx

• python polars

• h3

Technology



1. Wikipedia, International Klein Blue (# 002FA7), here

2. Rail Alphabet, description and download, here

3. SPSmiler, “London Underground Tube”, here

4. Homer, Iliad, Perseus Digital Library here, accessed 4 May 2022

5. Transport Statistics Department for Transport, here

6. Department for Business, Energy & Industry Strategy, here 

7. Open Rail Data wiki, here 

8. Rail Development Group “Concept of Operations – Stock and Crew System” (RDG-
CONOPS/NTI/002 Issue 1.1) January 2021 here 

9. National Electronic Sectional Appendix (NESA) here

10. NESA table extract here 

11. Department for Transport Energy and environment: data tables (ENV0201) here

Reference

https://en.wikipedia.org/wiki/International_Klein_Blue
https://www.strathpefferjunction.com/british-railway-typefaces-fonts/
https://commons.wikimedia.org/wiki/File:Why_London_Underground_is_nicknamed_The_Tube.jpg
http://www.perseus.tufts.edu/hopper/text?doc=Perseus:text:1999.01.0133
https://www.gov.uk/government/statistics/transport-statistics-great-britain-2021/transport-statistics-great-britain-2021
https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2021
https://wiki.openraildata.com/index.php/Main_Page
https://www.raildeliverygroup.com/media-centre-docman/acop/284-rdgconceptofoperations-stockandcrewv1-0-reformat/file.html
https://www.networkrail.co.uk/industry-and-commercial/information-for-operators/national-electronic-sectional-appendix/
https://github.com/anisotropi4/nesa
https://www.gov.uk/government/statistical-data-sets/energy-and-environment-data-tables-env


12. WorldPop Project here, data licensed under creative commons 4.0

13. EC Global Human Settlement layer here, data licensed under creative commons 4.0 

14. OpenStreetMap here, data licensed under Open Database License (ODbL) v1.0

15. Overpass Turbo here

16. python language here, licensed under PSF for python 3.11 here

17. Pandas here, licensed under BSD 3-clause license 

18. GeoPandas here , licensed under BSD 3-clause license 

19. Department for Transport “Great British Railways: Williams-Shapps plan for rail”, here

20. UK Electrification map, here

21. Railway Industry Association “Why Rail Electrification”, 2021, here

22. Owen Boswarva, “Output Area counts for licensed vehicles in the UK at the end of 2025 released by DfT 
following FOI request”, here

Reference

https://www.worldpop.org/
https://creativecommons.org/licenses/by/4.0/
https://ghsl.jrc.ec.europa.eu/
https://creativecommons.org/licenses/by/4.0/
https://www.openstreetmap.org/
https://opendatacommons.org/licenses/odbl/1-0/
https://opendatacommons.org/licenses/odbl/1-0/
https://opendatacommons.org/licenses/odbl/1-0/
https://overpass-turbo.eu/
https://www.python.org/
https://docs.python.org/3/license.html
https://pandas.pydata.org/
https://geopandas.org/
https://www.gov.uk/government/publications/great-british-railways-williams-shapps-plan-for-rail
https://electricrailmap.gitlab.io/
https://www.riagb.org.uk/RIA/Newsroom/Publications%20Folder/Why_Rail_Electrification_Report.aspx
https://owenboswarva.com/blog/post-veh6.htm


22. European Agency for Railways “Fostering Rail Through Green Deal – part 2 Freight”, 2021, here

23. RailNet Europe, “Timetabling and Capacity Redesign (TTR)”, 2022, here

24. Network Rail, “Rail freight forecasts Scenarios for 2033-34 and 2043-44”, 2016, here

25. Shapely here, licensed under BSD 3-clause license 

26. Rasterio here, under the Rasterio license here

27. Tobler here, under BSD license

28. QGIS here, under the Attribution-ShareAlike 3.0 license

29. OSMnx: Boeing, G. 2017. OSMnx: New Methods for Acquiring, Constructing, Analyzing, and 
Visualizing Complex Street Networks. Computers, Environment and Urban Systems 65, 126-139.

30. Reported road casualties Great Britain, annual report: 2023 Published 26 September 2024

31. Uber H3 library here

Reference

https://www.era.europa.eu/content/era-report-fostering-railway-sector-through-european-green-deal-part-2-freight_en
https://rne.eu/sales-timetabling/ttr
https://www.networkrail.co.uk/wp-content/uploads/2020/08/Rail-freight-forecasts-Scenarios-for-2033-34-and-2043-44.pdf
https://shapely.readthedocs.io/en/stable/
https://rasterio.readthedocs.io/en/latest/index.html
https://rasterio.readthedocs.io/en/stable/intro.html
https://pysal.org/tobler
https://qgis.org/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://geoffboeing.com/publications/osmnx-complex-street-networks/
https://geoffboeing.com/publications/osmnx-complex-street-networks/
https://geoffboeing.com/publications/osmnx-complex-street-networks/
https://geoffboeing.com/publications/osmnx-complex-street-networks/
https://www.gov.uk/government/statistics/reported-road-casualties-great-britain-annual-report-2023/reported-road-casualties-great-britain-annual-report-2023
https://www.gov.uk/government/statistics/reported-road-casualties-great-britain-annual-report-2023/reported-road-casualties-great-britain-annual-report-2023
https://github.com/uber/h3-py


Copyright 2026 Will Deakin

Licensed under the Apache License, Version 2.0 (the ‘License’);
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

    http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an ‘AS IS’ BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and
limitations under the License.
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