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Conventional wisdom dictates that the UK’s economic history is characterised by
periods of rapid growth driven by successive connectivity revolutions: the canal
network in the 18th century, the railway network in the 19th century and the road
network in the 20th century. All three coincided with sharp increases in national
productivity.1 To what extent might increases in connectivity drive up output and
wages today? In theory faster connectivity has the potential to support higher
productivity, lower start up and entry costs for firms, and potentially enable
agglomeration effects for local economies.2 But does it in practice?
And anyway, how do we measure connectivity? Currently, the most commonly
used official measures of connectivity - which informs transport spending
decisions - defines connectivity as the active journey time by public transport or
driving from a local area to the nearest “centre of employment” of 5,000 or more
jobs.
However, because all areas above 5,000 jobs are included, this measure treats
very different places as the same. It estimates, for example, that Ipswich and
Islington have the same levels of connectivity, despite the latter having access to
far more jobs in practice due to its connectedness to the London labour market.
This paper sets out a new door-to-door measure of connectivity based on the
aggregate number of jobs that are reachable within different time horizons (15, 30,
60, 90 minutes) by both driving and public transport. It includes the time taken
walking to and from the car or travelling to and from the station, derived from the
official TravelTime API. A full methodology is available in the Annex. This measure
reveals a strikingly different picture of connectivity to official measures.
Despite successive governments placing emphasis on transport investment to
drive growth, connectivity has little bearing on average income and productivity.
●

Using a hierarchical linear regression, we find that the number of jobs
accessible within 90 minutes by public transport only explains an
additional 1.1% of the variation in median incomes, after controlling for
qualifications, industry mix and occupation.

●

Differences in income are far better explained by qualification levels and
the mix of occupations and industries than by connectivity to jobs. These
three combined account for 81% of the variation in median income
between places.

●

This suggests that further transport investments won't do much to improve
incomes and living standards in a place without addressing other
economic fundamentals like education and the quality of jobs available.

●

The number of jobs within 60 minutes has an even smaller effect and
access to jobs by car is not at all related to income.
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But it does appear that weak connectivity may be holding back growth in specific
parts of the UK.
Although academic evidence from the UK indicates that returns to densification
are lower than in comparable economies like Germany or the US, it may still be
the case that relatively poor connectivity is holding back growth in some parts of
the country.
Comparing the number of jobs located within a given radius, ‘as the crow flies’, to
the number of jobs that are actually accessible within a 60- and 90-minute journey
by public transport, we can see that several second-tier cities are badly let down
by their internal public transport infrastructure.
●

In London, you can reach around 3.7 jobs by travelling 60 minutes on
public transport for every job within 5 miles. The average across Great
Britain is 1.81 jobs accessible within an hour for every job located within 5
miles.

●

But, in Newcastle, there are only 1.28 jobs located within 60 minutes by
public transport for every job located within 5 miles. This ratio is 1.34 in
Glasgow, 1.50 across the West Midlands Combined Authority and 1.62 in
Greater Manchester.

●

This suggests that some of Britain's largest regional cities by population
have public transport networks that are suboptimal, undermining their
productivity and reducing economic opportunity. This reinforces other
studies showing that the UK's regional cities are less productive than
European counterparts.

Towns in the periphery of Northern cities appear to be particularly disconnected
from jobs.
The data suggests that towns we would expect to have relatively good
connectivity to jobs given their proximity to major regional cities are relatively
disconnected to jobs due to weak public transport connectivity.

•

Halifax in Yorkshire and Mansfield in Nottinghamshire have similar levels
of population as Aldershot in Hampshire. But using public transport you
can reach twice as many jobs within 90 minutes from Aldershot (1.2 million
jobs) than from Halifax (581,837), and over four times as many as from
Mansfield (246,857). Aldershot is 30 miles from London, while Halifax is 8
miles from Bradford and 14 miles from Leeds and Mansfield is within 14
miles of Nottingham, 22 miles from Derby and 30 miles from Sheffield.
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•

•

We find the same pattern with Keighley and Reading. Both towns are a
similar size by population and local employment. But Reading’s access to
London and the wider South East means that the total number of
reachable jobs within 90 minutes is twice as high in Reading (3 million
jobs) as in Keighley (1.6 million).
This is not just a London effect. Telford and Bath have the same
population and local employment figures. But where there are 563,869
jobs reachable within 90 minutes from Bath, Telford residents can only
access 57,423. The latter’s relative isolation from the West Midlands
conurbation will severely limit economic opportunity.

This pattern is particularly true in West Yorkshire and the Greater Manchester
conurbation. Both are large urban areas where large numbers of jobs should be
accessible by public transport. But the ratio of jobs within 10 miles as the crow flies
compared to the number of jobs accessible within 60 minutes by public transport
is much lower.

•

•

In West Yorkshire, people living in Batley, Brighouse and Mirfield are able
to access a relatively smaller share of the jobs which are nearby (94%)
than people in Huddersfield or Bingley, for example, who can access 94%
more jobs than there are locally.
In Greater Manchester, people in Astley, Droylsden and Blackley can
access around 90% of the nearby jobs (within 5 miles), whereas people in
Wigan, Rochdale and Littleborough can access twice as many jobs within
60 minutes as there are locally.

Some places have weak access to jobs because they simply have fewer jobs in
the first place.

•

•

The average reachable area covered by a 60-minute journey in Cumbria
is 2,586km2, which would place it in the bottom 30%. This is low on
average, but consider that only 20% of LSOAs are in the bottom decile for
reachable area within a 60-minute drive (in km2), whereas 94% of LSOAs
in the county are in the bottom decile for reachable jobs within the same
time. This suggests that the problem is a weak labour market rather than
drivability.
The same is true in the South West. Much of Devon and Cornwall rank in
the bottom two deciles for the number of jobs available by car or public
transport. But this is more a function of lack of jobs rather than a restrictive
road network. In terms of how far (in km2) residents could drive within 30
or 60 minutes, the South West actually ranks around the UK median.
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•
•

In contrast, job density is so high in Inner London that the number of jobs
accessible by car is extremely high in spite of congestion. You can reach
an average of 880,000 jobs within 30 minutes driving in Inner London.
You can reach more than 50% more jobs within 30 minutes by car in parts
of the Home Counties bordering Greater London (482,000 jobs) than you
can in central Birmingham, reflecting the latter’s byzantine road network.

These findings demonstrate that the Government should ruthlessly target
transport investment towards the intra-city networks of regional cities - especially
Glasgow, Leeds, Manchester, Newcastle and Birmingham - and boosting public
transport links to towns in their environs. In these places, it is clear that weak
transport connectivity holds back productivity and earnings. But, contrary to
historic Treasury orthodoxy, our data strongly suggests that transport
infrastructure is not the best way to level up struggling places, and that lack of
skills, R&D intensity and a crumbling civic realm should be more urgent priorities
for the Government's Levelling Up agenda.
Local authorities with the lowest ratio of nearby jobs to actually accessible jobs
5 miles to 60 minutes

10 miles to 90 minutes

Telford and Wrekin

0.176

West Devon

0.429

Forest of Dean

0.515

South Somerset

0.483

Newcastle-under-Lyme

0.567

Forest of Dean

0.485

East Cambridgeshire

0.578

East Northamptonshire

0.526

Stroud

0.580

Staffordshire Moorlands

0.530

Bolsover

0.599

Torridge

0.552

North Kesteven

0.599

Telford and Wrekin

0.555

West Devon

0.606

Copeland

0.578

Blaby

0.613

Herefordshire, County of

0.688

Surrey Heath

0.653

Malvern Hills

0.701

East Northamptonshire

0.677

Sedgemoor

0.743

Eastleigh

0.681

Blaenau Gwent

0.745

Herefordshire, County of

0.685

South Holland

0.775

Gosport

0.717

Newcastle-under-Lyme

0.781

Oadby and Wigston

0.746

East Lindsey

0.781

North Warwickshire

0.754

South Derbyshire

0.786

South Staffordshire

0.754

Tewkesbury

0.791

Stoke-on-Trent

0.763

North Devon

0.792

West Berkshire

0.780

North West Leicestershire

0.797

South Derbyshire

0.797

Isle of Wight

0.806
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How should we
measure
connectivity?
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Data on the relative connectivity of different places - and its role in generating, or
hindering, economic success - is surprisingly scarce. In the words of the National
Infrastructure Commission in 2019, “a comprehensive set of connectivity measures
between and within places across the country is not currently publicly available”. 3
While there has been some improvement since, the datasets that are most
commonly used to measure connectivity have two significant limitations.
1.

The Department for Transport (DfT) uses a metric of the average journey
time to a centre of employment, defined as a Lower Super Output Area
(LSOA) containing more than 5,000 jobs. This creates a situation where all
‘centres of employment’ are treated equally. For example, Corby is
estimated to have the same connectivity as Camden (both are, on
average, 11 minutes from their nearest ‘employment centre’). But, of
course, people in Camden will have access to most of London. The DfT
data is also only applicable to England, preventing meaningful UK-wide
comparisons.

2. The National Infrastructure Commission has meanwhile looked at the
speed of travel by private or public transport from each point within a city
to its centre, and from each built up area to any other point in Great
Britain.4 This has some advantages in that it explicitly considers the
benefits of connectivity to urban connectivity, but in excluding locations
outside urban areas and only applying to 1,000 discrete locations it is
necessarily incomplete.
Both measures focus only on direct travel time and exclude door-to-transport time
at either end.
There is no “right” way to measure connectivity and in the absence of other
metrics these measures have proved useful to policymakers in allocating funding
and to economists in measuring some of the effects of connectivity. But it should
be possible to construct a more comprehensive and representative measure of
connectivity using travel time data.
This analysis sets a new measure for connectivity developed by Alasdair Rae for
Onward to achieve that end. Using the TravelTime API, the new metric provides
the reachable number of jobs and distance with 15 minutes, 30 minutes, 60
minutes and 90 minutes by both driving and public transport across Great Britain
for each LSOA (in England and Wales) or Data Zone (in Scotland).
Unlike other measures, this analysis is a “door-to-workplace” measure, including
every journey stage from time spent walking to the car, driving, to parking and
walking to an office - as well as average delays, timetabling and actual journey
time on public transport. Travel times generated by this approach can appear
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unduly conservative at face value. But this represents a more ‘realistic’
assessment for daily travel by commuters rather than a best-case scenario.
We use this measure to both explore connectivity in different parts of Great
Britain, and to explore the relationships between connectivity and various
economic factors, including earnings and productivity. We can also use it to
compare the ratio of the number of jobs within a certain distance of a place as the
crow flies with the number actually accessible by public transport or driving to get
one view of which places might be better or worse connected or worse than we
might expect.

What our data shows
In Figures 1 and 2 below, we show how the number of reachable jobs, by car and
public transport, varies across the country on our measure. Brighter colours
indicate that there are relatively more jobs reachable from that neighbourhood
(LSOA) within a given journey time.
As you can see, the number of jobs reachable by driving is highest around London
and the South East, the ring of cities in the North and Midlands, and the central
belt of Scotland. Much of the East coast of England has access to far fewer jobs,
likewise the South West, Wales, Cumbria and Northumberland, and much of
Scotland outside the central belt. The fact that East Anglia, Lincolnshire, North
Wales and the South West lack connections to the motorway network is probably
reflected here.
Public transport reveals a different story. As shown in Figure 2 below, London
scores far higher for access to jobs by public transport connectivity than anywhere
else. Proximity to London means that some of the smaller towns orbiting the
capital also have very high scores, revealing London’s commuter belt. The
Liverpool-Manchester-West Yorkshire conurbation also scores highly, as does
Birmingham. But most of the country outside these major cities has extremely
limited access to jobs by public transport.
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Figure 1: Number of reachable jobs by car, deciles
30 minutes

60 minutes

Lowest..

90 minutes

Highest

Figure 2: Number of reachable jobs by public transport, deciles
30 minutes

60 minutes

Lowest
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If we zoom into these maps further, we can see these patterns in more striking
detail. The maps below categorise areas into ten groups from the most to the least
connected. But it is worth noting that the most connected places are an order of
magnitude more connected than less connected places.
The number of jobs available within a given time on public transport is much more
strongly clustered around cities than the number available by driving. Each city
stands out and accessibility is tightly focussed around the urban area. On average,
it is possible to reach 164,000 jobs within 30 minutes by public transport within
Greater London, compared to 46,000 jobs within Greater Manchester, 50,000
within the West Midlands Combined Authority, and 43,000 across Tyne and Wear.
This compares to just 13,000 in Stoke-on-Trent and 21,000 jobs in Grimsby, for
example, and far fewer within more rural parts of the UK.
Figure 3: Jobs reachable by 30 minutes on public transport
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Car connectivity is much more diffuse. It is far and away the dominant mode in the
UK, particularly outside large cities. Indeed, some cities show a sort of halo effect.
For example, in the parts of the Home Counties that border Greater London
around 482,000 jobs can be accessed within 30 minutes driving. Within Greater
London driving can be congested and progress is slow, so the number is lower:
218,000 jobs on average in Outer London. But, in Inner London, job density is so
high it offsets this and the number of jobs accessible by car is 880,000 on
average.
Looking at the 30-minute horizon there is a striking difference between
Birmingham, where job accessibility by car within the city is 300,000 on average,
and cities further north where it is higher. Almost all of Greater Manchester is in
the top decile for the number of accessible jobs, with an average of 760,000
across the whole city region and 890,000 in the very centre. Glasgow also
exceeds Birmingham at the 30-minute mark, with an average 590,000 jobs
accessible by car.
Figure 4: Number of jobs reachable by driving 30 minutes
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How this changes our understanding of connectivity compared to
official measures
When we compare the Onward measure against the established DfT measure we
can see a clear difference in the relative connectivity of different places. While the
two measures are loosely related to each other (given that they are both looking
at travel time), the fact that the DfT figures are based on the distance to a “centre
of employment” as a single point, rather than an aggregate number of jobs, clearly
creates a less nuanced picture of connectivity.
In general terms, the Onward data shows the benefits of access to roads like the
M3 in Hampshire or the A1(M) through Yorkshire. But this is best illustrated with
practical examples. For example, the DfT measure assumes that someone living 15
minutes away from a “centre of employment” of 5,000 jobs in Norwich has the
same connectivity score as someone living 15 minutes away from 30,000 jobs
(and 30 minutes away from 200,000 jobs) in Barnet. In fact, in Barnet, the average
journey time to the nearest employment centre is even longer: around 24 minutes.
But in Norwich, the average journey is 12 minutes. In a similar vein, the DfT
measure assumes that Islington and Ipswich, or Camden and Corby, are similarly
well-connected given their proximity to nearby centres of employment.
We have to ask: does this mean that Norwich is twice as well-connected as Barnet,
which has access to the London Underground, multiple major rail links and
proximity to the M1? Or that Corby or Ipswich, two conurbations in regions
characterised by high levels of rurality and low rates of employment, are as wellconnected as two central London boroughs with easy access to the City and
Westminster? These are of course extreme examples but they demonstrate the
distortive effects of using places of 5,000 jobs as the definition of a centre of
employment.
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Figure 5: Onward vs. DfT comparison, using Onward’s 60-minute job count and
DfT average journey time to nearest employment centre (Emp319)
Our measure

DfT measure

The DfT data is a good metric of job density, in that it tells us where clusters of
employment are located. But it is much less reliable as a measure of connectivity
or of the size of effective labour market catchment areas. In addition to issues with
the 5,000 jobs threshold, the measure also fails to account for places that have
access to multiple “centres of employment” (thus benefiting from multiple
overlapping labour markets) and the fact that many people will not choose to work
in their nearest centre of employment and work in a location marginally further
away.
This has a number of implications. Given cities are likely to benefit from multiple
centres of employment compared to towns, it overstates the connectivity of towns
relative to cities. And because connectivity scores are used to inform policy and
funding decisions, including within the Levelling Up Fund formula, this will likely
drive investment into places which are in fact better connected than they appear.

Network effects

13

A measure based on the number of jobs reachable within certain time horizons
allows for better decision-making around investments and infrastructure changes.

Exploring differences between local authorities
Looking at the data at local authority level, we can start to see the differences in
connectivity between different places even more clearly. The graphs below
present the aggregated LSOA data at local authority level, in proportion to the size
of the local population. This allows us to bring out the economic importance of the
denser places where more people live and work.
In Figure 6 below, we consider the number of jobs accessible by public transport
over a 30-minute time interval. This clearly shows that cities are much better
connected than their surroundings: people in Edinburgh, Leeds, Sheffield, Derby,
Leicester, Norfolk, Ipswich, and so on, are able to access substantially more jobs
than the people in neighbouring areas outside the city. For example, in Newcastle,
the average LSOA has access to around 325,000 jobs. In neighbouring
Northumberland, the average is 112,000. In Leicester, 242,000 jobs are available
within 30 minutes by public transport, but this falls to 147,000 in the Harborough
local authority.
In Figure 7, however, we consider the same places within a time horizon of 90
minutes. In this scenario, the better-connected areas are in the central belt of
Scotland, the main belt of Northern cities, the West Midlands and London. We can
see that there are far fewer jobs accessible from places like the South West, East
Anglia, the North East, most of Wales, Lincolnshire and East Yorkshire within 90
minutes by public transport. These places closely map onto most analyses of the
parts of the UK most in need of levelling up, suggesting that 90-minute access to
jobs may be a key indicator, or potential driver, of wider forms of economic
disparity.
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Figure 6: Jobs reachable by 30
minutes on public transport, by
local authority

Figure 7: Jobs reachable within
90 minutes by public transport,
by local authority
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If we look at data for driving, we see a similar picture - except that the advantage
of small cities over a 30-minute horizon is much smaller. On either a 30- or 90minute horizon we can see the difference between places on the core of the
motorway network (London, the large cities of the North Midlands, the central belt
of Scotland) and those that are not. East Anglia is very poorly connected despite
physical proximity to London, as are Lincolnshire, the Yorkshire coast and the
South West. For example, in Maldon there are 22,000 jobs reachable within 30
minutes driving and 35,000 in Scarborough. But the median number of jobs
accessible is around 150,000. In relative terms, these places do not fare much
better at the 90-minute horizon. The figures for Maldon and Scarborough are
872,000 and 579,000, respectively, compared to the median of 3.1 million.
Notably there is not a huge difference between the places that are well-connected
to jobs within 30 minutes by car and those well-connected within 90-minutes by
car, suggesting that the road network is simply more efficient at connecting
people to employment in some parts of the UK compared to others. Figures 8, 9
and 10 show that many of the same places that are well-connected to employment
at 30 minutes are also well-connected to jobs at the 90-minute horizon.
Figure 8: Comparing access to jobs by car in LSOAs and DZs at different time
horizons
10,000,000

Jobs within 90 minutes

1,000,000

100,000

10,000

1,000

100
100

1,000

10,000

100,000

1,000,000

10,000,000

Jobs within 30 minutes
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Figure 9: Jobs reachable
within a 30-minute drive, by
local authority

Figure 10: Jobs reachable
within a 90-minute drive,
by local authority
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Are some places
less connected to
jobs than we might
expect?
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This data raises a number of important questions. For example, we might ask the
extent to which some places have low scores because they are poorly served by
transport or simply because there are few jobs in the vicinity. One way to answer
this question is to compare the ratio of jobs available within a straight-line radius
to the number of jobs actually accessible by car or public transport. This allows us
to identify which places are better or worse connected than we might otherwise
expect, or roughly what percentage of ‘nearby’ jobs are reachable within different
journey times.
We explore this in the close-up maps of the Midlands below, where blue
represents a more favourable ratio of ‘actually accessible jobs’ to ‘jobs in a given
radius’ as the crow flies. As you can see, the ratios for public transport and driving
vary considerably. It is not an exact mirror image, but we can see that cities tend
to fare better on public transport but fare worse on driving. Several LSOAs in
central Birmingham, Leicester, Nottingham, Derby and Stoke have access to more
jobs if you travel an hour on public transport compared to those contained within a
10-mile radius. For places outside the cities, there are more jobs within a 10-mile
radius than can be accessed within 60 minutes by public transport.
Figure 11: Comparing the 10-mile radius to 60-minute journey time ratios by car
and public transport
Car

Public transport

Looking at driving, the picture is reversed and the ratio of accessible jobs to
nearby jobs is more favourable outside the cities. This is what we would expect.
The shows a clear difference between city centre locations with better public
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transport networks, but which are also more congested, and peripheral locations
in less dense neighbourhoods where driving is easier.
In the West Midlands, much of Dudley, Walsall and Solihull have ratios below 0.5
for the 10-mile to 60-minute job counts (the GB median is 0.51). To further highlight
the extent of within-city variation, the West Midlands Combined Authority
simultaneously contains LSOAs ranked in the bottom 5% - Sedgley, Tettenhall and
Temple Balsall - and areas in the top 5% - around Birmingham New Street station,
Wolverhampton Station and Coventry inside the A4053 ring road.
Below we perform a similar analysis within and around the major urban areas of
the UK, by looking at public transport and how many jobs can be reached within
60 minutes door to door. In the maps below, neighbourhoods are ranked into
deciles across the whole of Great Britain, with dark blue areas accessing the most
jobs, and red the least.
The first map is of West Yorkshire. As you can see in Figure 12 and 13 below, much
of West Yorkshire is in the upper deciles nationally in terms of the number of jobs
accessible by public transport, though we can see that outer parts of the
conurbation don’t rank so highly. For example, we can see how places like
Wetherby, which no longer has a rail link, are less well connected than places
outside like Harrogate, which do.
But West Yorkshire is a large urban area and large numbers of jobs should really
be accessible. If we instead compare the West Yorkshire region to the rest of the
country using the ratio of jobs accessible to jobs within a 10-mile radius, we can
see that much of West Yorkshire drops considerably, relative to other places.
People living in the middle of the conurbation in places like Batley, Cleckheaton,
Brighouse and Mirfield are able to access a relatively smaller share of the jobs
which are nearby due to limited connectivity. The same is true for many of the
outer parts of the conurbation. On this measure, ‘good connectivity’ is largely
confined to Huddersfield, Bingley, Keighley, and the very centre of Leeds.
Similar analysis can be carried out for other places. In Greater Manchester most
places are in the upper deciles for the number of accessible jobs. This is
unsurprising for a large city. But if we look at the ratio of jobs within 10 miles to
jobs actually accessible, people in outer parts of the conurbation, including parts
of Bury, Heywood, Leigh and Astley, can access relatively few of the jobs that are
nearby, even though they are not far outside the M60. In comparison, places like
Wigan, Westhoughton, Littleborough and Bolton have access to relatively large
numbers of jobs despite being geographically further from the centre of
Manchester.
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Figure 12: West Yorkshire: Jobs reachable by public
transport within 60 minutes

Figure 13: West Yorkshire: Ratio of jobs reachable
within 60 minutes to jobs in a 10-mile radius

Figure 14: Greater Manchester: Jobs reachable by
public transport within 60 minutes

Figure 15: Greater Manchester: Ratio of jobs reachable
within 60 minutes to jobs in a 10-mile radius
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If we look at the area around London, we can see how the strong radial rail
network helps people access far more jobs than are available locally - places
outside the M25 are able to access London within the hour: St Albans,
Broxbourne, Chelmsford, Basildon, Oxted, Redhill, Dorking, Guildford, Woking and
Slough are all islands of connectivity (and prosperous places). This is likely due to
the relative connectivity of London’s radial rail network.
Figure 16: London and around: Ratio of jobs reachable within 60 minutes to jobs in
a 10-mile radius

Of course, this data is telling us different things about the connectivity of different
places. The common thread is that in every region there are places that should be
well-connected to jobs given their proximity to major labour markets but which are
held back by the existing infrastructure. This should in theory help to identify the
places that stand to benefit most from transport investments. Their untapped
potential may in some cases also suggest a higher benefit to cost ratio for
transport projects, given the shorter distances involved.
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Looking at different parts of the country, it is clear that areas like Telford, East
Northamptonshire and North Warwickshire tend to be consistently let down by
public transport links. The ratios of straight-line jobs to those accessible within a
60- or 90-minute journey time are among the worst in the country. Indeed, despite
bordering the West Midlands Combined Authority, the average ratio of straightline jobs to actually accessible jobs in North Warwickshire is very low. A score of
0.84 suggests that only around 84% of the jobs within 10 miles as the crow flies
are reachable within a 90-minute commute using the bus or train or other form of
public transport.
In contrast, commuter areas fare much better. London’s hinterland is an obvious
example: in Barnet, Epping Forest and Redbridge, it is possible to reach nearly 7
times as many jobs within 60 minutes by public transport as one can reach within
5 miles as the crow flies, making them the three most well-connected local
authorities in the country. Tables 1 and 2 show the top 20 and bottom 20 local
authorities. Figure 17 maps this same data.
Table 1: Bottom 20 local authorities by ratio of straight-line distance to journey
time, public transport
5 miles to 60 minutes

10 miles to 60 minutes

10 miles to 90 minutes

Telford and Wrekin

0.176

Telford and Wrekin

0.091

West Devon

0.429

Forest of Dean

0.515

Forest of Dean

0.099

South Somerset

0.483

Newcastle-under-Lyme

0.567

West Devon

0.114

Forest of Dean

0.485

East Cambridgeshire

0.578

Staffordshire Moorlands

0.126

East Northamptonshire

0.526

Stroud

0.580

Bolsover

0.136

Staffordshire Moorlands

0.530

Bolsover

0.599

Maldon

0.139

Torridge

0.552

North Kesteven

0.599

Stroud

0.158

Telford and Wrekin

0.555

West Devon

0.606

Bromsgrove

0.159

Copeland

0.578

Blaby

0.613

Cannock Chase

0.170

Herefordshire, County of

0.688

Surrey Heath

0.653

North Warwickshire

0.171

Malvern Hills

0.701

East Northamptonshire

0.677

Stratford-on-Avon

0.174

Sedgemoor

0.743

Eastleigh

0.681

South Staffordshire

0.179

Blaenau Gwent

0.745

Herefordshire, County of

0.685

East Northamptonshire

0.182

South Holland

0.775

Gosport

0.717

North West Leicestershire

0.184

Newcastle-under-Lyme

0.781

Oadby and Wigston

0.746

Monmouthshire

0.188

East Lindsey

0.781

North Warwickshire

0.754

Surrey Heath

0.188

South Derbyshire

0.786

South Staffordshire

0.754

Derbyshire Dales

0.190

Tewkesbury

0.791

Stoke-on-Trent

0.763

Runnymede

0.198

North Devon

0.792

West Berkshire

0.780

Blaenau Gwent

0.201

North West Leicestershire

0.797

South Derbyshire

0.797

Hart

0.202

Isle of Wight

0.806
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Outside of London and the South East, Rugby and Warwick are also relatively wellserved by public transport. Further north we see that Sefton, Bolton, Rochdale,
Calderdale and Kirklees all score fairly highly within their respective combined
authorities. Suburban parts of the Central Belt (East Ayrshire, Falkirk, West Lothian,
North Lanarkshire) rank near the top of the distribution for ratios of straight-line
jobs to those accessible within 60 and 90 minutes. Inverclyde, in particular, has
3.9 jobs accessible within 60 minutes by public transport for every 1 located within
5 miles, and 7.7 jobs are accessible within 90 minutes by public transport for every
1 located within 10 miles. This means the people in the Inverclyde area can access
many more jobs than are found locally through good public transport links to
Glasgow.
Table 2: Top 20 local authorities by ratio of straight-line distance to journey time,
public transport
5 miles to 60 minutes

10 miles to 60 minutes

10 miles to 90 minutes

Redbridge

6.901

Inverclyde

1.739

North Hertfordshire

14.031

Epping Forest

6.878

Harrow

1.162

Stevenage

12.605

Barnet

6.756

West Lothian

1.068

Crawley

12.477

Harrow

6.613

City of London

1.067

Reading

11.746

Enfield

6.278

Reading

1.057

Tunbridge Wells

9.689

Croydon

6.164

Westminster

0.987

Brentwood

9.459

Merton

5.595

Falkirk

0.984

Sevenoaks

9.173

Hertsmere

5.553

Camden

0.976

Gravesham

8.986

Barking and Dagenham

5.237

Islington

0.949

East Hertfordshire

8.484

Waltham Forest

4.947

Angus

0.941

Chelmsford

8.251

Brentwood

4.588

Croydon

0.927

Basildon

8.150

East Lothian

4.402

Barking and Dagenham

0.922

Harlow

7.948

West Dunbartonshire

4.262

Tower Hamlets

0.919

Reigate and Banstead

7.871

Kingston upon Thames

4.203

Havering

0.909

Inverclyde

7.656

Brent

4.142

Shetland Islands

0.903

Basingstoke and Deane

7.341

Newham

4.068

Hertsmere

0.901

Tandridge

7.320

Havering

4.067

Epping Forest

0.899

Luton

7.298

Bromley

3.961

Kensington and Chelsea

0.893

Welwyn Hatfield

7.248

Lewes

3.936

Redbridge

0.890

Mid Sussex

7.121

Inverclyde

3.879

Conwy

0.889

Woking

6.998
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Figure 17: Local authorities by ratio of jobs available within straight-line distance to
journey time, by public transport
5 miles to 60 minutes

Network effects

10 miles to 90 minutes
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What about job density?
We can also look at the number of jobs reachable within a given area, in square
kilometres. If we look at a 60-minute journey, we see that the average reachable
area from locations in Cumbria is 2,586km2, which would place it in the bottom
30%. This is low on average but consider that, while only 20% of Cumbria’s LSOAs
are in the bottom decile for reachable distance within a 60-minute drive, 94% of
LSOAs in Cumbria are in the bottom decile for jobs available within a 60-minute
drive. Therefore, the primary issue for places like Cumbria is lack of jobs, rather
than how far residents could theoretically commute to work.
To use another example, people in Buckinghamshire can travel about as far (by
car) as people in rural Herefordshire. The average reachable area from LSOAs in
Buckinghamshire is only 12% larger than for LSOAs in Herefordshire. But people in
Buckinghamshire have access to 88% more jobs within that area than
Herefordshire residents due to higher density of jobs. The two maps below
compare reachable distance at the 60-minute horizon for travelling by car and by
public transport.
There are two main areas that are poorly connected by the measure of reachable
distance as well as jobs available: the East of England and the Scottish Highlands.
Only 38% of LSOAs in the East of England are above the median for distance
reachable within a 60-minute drive (and all of those are clustered around the M11
and A1). There are no data zones (equivalent to an LSOA) in the Highlands and
Islands above the median.5 Given the proximity of the East of England to London
and the number of people living there, the difficulty of getting around by car is
very striking.
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Figure 18: Reachable area, 60-minute journey,
by car (deciles)

Figure 19: Reachable area, 60-minute journey,
by public transport (deciles)

The right-hand map of Figure 20 takes the number of reachable jobs by public
transport and divides that by the size of the reachable area, within 60 minutes, to
give us the number of accessible jobs per square-kilometer (job density). The lefthand map shows the same, but for driving by car.
This alternative measure reconfirms the view that, for some places like Cumbria
and the South West, their connectivity problems are more a function of fewer jobs
in the vicinity rather than poor road infrastructure. The job density figures show us
that, even though the reachable distance is around average by car, the number of
jobs contained within that area is very low. The East of England struggles on both
the measures of reachable area and job count. It is difficult to travel very far from
locations in Norfolk and Suffolk, and even within those smaller isochrones, the
number of jobs available is low.
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In contrast, the urban areas between Liverpool and Leeds (and Manchester in
particular) score very highly for job density, by car and public transport. We also
see high scores for less densely populated parts of Lancashire, where proximity to
several major cities means that job density is greater than most other parts of the
UK. Contrast this with the more isolated conurbations of Birmingham and
Newcastle, which rank lower in the distribution. The small town of Burscough in
Lancashire has a higher job density when travelling by car (around 700 jobs per
km2) than almost every part of the West Midlands Combined Authority.
Figure 20: Comparing the size of the reachable area and job density
Job density, 60 minutes by public
transport (deciles)

Network effects

Job density, 60 minutes by car (deciles)
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The size of the reachable area by car bears little relation to the number of jobs
available. For instance, Grimsby is roughly as drivable as parts of Wokingham in
terms of the distance one could travel within an hour (3,600km 2 and 3,900km2,
respectively). But the average number of jobs available within this distance in
Grimsby is 290,000; in Wokingham, there are 1.6 million jobs available on average.
This same variation is not present in the public transport data. Places from which
you can travel further within 60 and 90 minutes by public transport also have
higher job counts. The graphs in Figure 21 illustrate this.
Figure 21.1: Reachable jobs vs reachable area, within 60 minutes by car
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Figure 21.2: Reachable jobs vs reachable area, within 60 minutes by public
transport
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How does
access to jobs
relate to income
and productivity?
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Income
Using our connectivity data, we first look at the relationship between connectivity
(access to jobs) and income. We use area-level data on median income, as well as
the share of population with level 4 qualifications, the proportion working in
accommodation and food, information and communication and finance and
insurance (SIC I, J and K), and the share of people working in managerial, senior
and professional occupations (SOC 1 and 2). This allows us to explore the
relationship between connectivity and income controlling for levels of education
and types of employment.
Figure 23 sets out a side-by-side comparison of our overall job access score
versus income before housing costs. It shows that many of the areas along the
M62 corridor and in the West Midlands have high job density but low average
incomes. In contrast, most of London and the South East benefits from high job
density and high average incomes. Statistically, there is no clear relationship
between the overall job access score and the median income of an area.
Figure 23: Median income and overall job access score
Income before housing costs

Job access score

Overall, we find that around 81% of the spatial variation in median incomes is
explained by variation in qualification levels and industrial and occupational
composition. The connectivity score on its own only explains 12% of the variation
in median incomes.
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We can use a hierarchical regression to test whether adding measures of job
accessibility shows a statistically significant improvement in R 2, once we account
for qualifications, industry mix, and occupation. The overall score has no
significant impact on R2 from the first model; in other words, R 2 remains at 81%. But
the number of jobs available within 90 minutes by public transport explains an
additional 1.1% of the variance. The 60-minute job count also improves R 2 (by 0.5%)
and is statistically significant. But no other measure of jobs count has a statistically
significant impact on R2. Practically speaking, this tells us that access to jobs has
no bearing on the average income in an area.
Table 5, below, shows the relationship between the median income in an area and
different measures of job access, which ranges from -1 to +1, with -1 being a perfect
negative correlation and +1 being a perfect positive correlation. The number of
jobs available by public transport tends to be more closely associated with income
than driving as a mode of transport. And the relative prevalence of public transport
as a means of commuting to work also increases along with average incomes. But
the positive correlation between income access to jobs is moderate at best, and
mostly accounted for by other factors (qualifications, occupation, industry).
Table 5: Pairwise correlation coefficient, comparing median income with various
job accessibility scores
Measure of job access

Coefficient

Measure of job access

Coefficient

Drive 15 minutes

0.122

Public transport 15 mins

0.194

Drive 30 minutes

0.144

Public transport 30 mins

0.229

Drive 60 minutes

0.246

Public transport 60 mins

0.412

Drive 90 minutes

0.349

Public transport 90 mins

0.471

Ratio of public to personal
mode of transport

0.403

Combined job access
score

0.342

We might expect agglomeration (with associated spillovers) to more clearly drive
up incomes in urban areas. But as has been remarked before, by Professor Philip
McCann and Tom Forth among others,6 agglomeration elasticities are weaker in
England than in countries like Germany or the Netherlands. The fact that larger,
denser cities are not on average more productive or wealthier than smaller urban
areas (or even some semi-rural areas) is part of the UK’s ‘productivity puzzle’. We
return to this issue in the next section.
That said, it looks like the correlation between income and job accessibility is
stronger in some regions compared to others. The overall job access score
positively predicts income in the South of England, but not in other regions (see
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Figure 24). London simultaneously has the highest incomes and access to the
greatest number of jobs. However, across the conurbation, MSOAs with higher
accessibility scores are only slightly more likely to have a higher median income.
Within the South West, it is clear that the further you move towards Devon and
Cornwall, the more accessibility worsens and incomes fall. A similar pattern shows
in the East of England, with incomes and connectivity generally worsening as you
move away from London and the M11.
Figure 24: Median income versus average job accessibility score in the Greater
South East compared to the rest of England, by MSOA
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At the 90-minute mark, travelling by public transport, access to jobs bears little
relation to the median income in an area. In fact, in the West Midlands region there
is a slight negative relationship between access to jobs and median income,
indicating that places with higher job density (mostly in urban areas) tend to be
poorer than some of the sparser hinterlands. But there is so much noise around
the trendline that it is difficult to say with any confidence that this is the case.
Table 6 shows the pairwise correlation coefficients between median income and
different measures of job accessibility within English regions.
Table 6: Correlation between income and job accessibility by region
Average job
access score

Public
transport,
90 minutes

Public
transport,
60 minutes

South West

0.500**

0.265**

0.272**

South East

0.419**

0.228**

0.154**

East of England

0.368**

0.287**

0.253**

London

0.290**

0.283**

0.257**

East Midlands

0.192**

-0.121**

-0.134**

North West

0.096**

-0.127**

-0.153**

West Midlands

0.094**

-0.352**

-0.349*

North East

0.088

-0.037

-0.064

Yorkshire and the Humber

-0.062

-0.261**

-0.289**

Note: **p≤.01, *p≤.05

This could indicate that public transport networks are underpowered outside
London and its hinterlands. Unlike the capital, infrastructure in other city regions is
less able to connect large numbers of people to large numbers of job
opportunities.
Turning our focus to urbanity and rurality reinforces the point that the UK struggles
because several of our cities (with the exception of London plus its satellite towns)
have lower-than-average productivity in spite of their higher concentrations of
jobs. Figure 25, below, shows that the relationship between income and
connectivity varies depending on the type of place we’re talking about.
Within the UK’s core cities, it looks like areas with access to more jobs have higher
median incomes. However, this is almost entirely due to London. If we exclude
London, there is no clear relationship between income and connectivity, which
mirrors the intra-regional correlations between income and connectivity in Table 6
above.
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Rural areas that are better connected to jobs have higher average incomes than
rural areas that are more remote and disconnected. It looks like villages with easy
access to cities allow people in higher-paying jobs to live in that more rural setting
and commute in for work. Counterfactually, if more rural areas were connected to
cities (a journey time less than 90 minutes), we might see average incomes
increase. But it is not clear whether this would be achieved by wealthier people
moving out of the city to these new commuter villages or by people already living
there accessing newer, higher-paying jobs.
For most of the country - large towns and smaller cities in particular - the positive
correlation between income and connectivity is almost non-existent. This gets us
some way towards understanding the relative underperformance of urban areas
outside the capital. We return to this in the next section on productivity.
Figure 25: Correlation between income and access to jobs, by urbanity type
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This data also allows us to identify the places which are “poor but wellconnected,” defined as low median incomes (bottom quintile) but high connectivity
scores (top quintile), and places that are “rich but badly connected”, which have
the opposite characteristics.
When we consider this data, we can see a clear spatial divide between those
poorer places with more accessible jobs and more remote but wealthier areas. As
shown in Figure 26 below, poorer-but-connected areas cluster around the
conurbations of Liverpool, Manchester, Leeds and Birmingham - with a few areas
just north of London.
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Meanwhile, rich-but-disconnected areas are mostly located in the East of England,
particularly in Cambridgeshire, Colchester and Norwich. There is only one rich-butdisconnected place in the North: Ilkley, just north of Keighley, which has a median
income (BHC) of £38,200 despite ranking 33,066th out of 41,729 for overall
access to jobs. Across the Greater South East - with a few exceptions in
Oxfordshire, Brighton and Kent - most of the region is both well-connected and
wealthier than average.
Figure 26: Poor but well-connected (red), and rich but less connected (blue)

When we change the measure of ‘jobs access’ to within a 60-minute journey,
Manchester and Birmingham continue to feature as places with lower median
incomes but better job access. In West Yorkshire, much of central Leeds and
Bradford are in the bottom fifth for income, but the top fifth for the number of
accessible jobs, but Ilkley and Boston Spa are in the opposite situation.
Some of this can be explained by commuting, as we discussed above. In West
Yorkshire, Cheshire East (Knutsford and Wilmslow), and much of London’s
hinterlands, there are clusters of areas outside major cities where the number of
available jobs is lower than the urban core, but people tend to have particularly
high median incomes.
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Although the low number of jobs available from locations in the rural and
suburban South East ranks these areas in the bottom fifth of LSOAs, average
income is consistently high. In other words, lower job density is not holding back
prosperity in this region.
Figure 27: Income versus 60 minutes public transport
job count

Figure 28: Income versus 60 minutes car job count

The impact of commuting is likely to be important here. We know from the
Understanding Society survey that people who commute further tend to have
higher incomes. For example, people in the top ten percent of incomes spend
around twice the amount of time commuting than those in the bottom ten percent.
This goes some way to explaining why it is that incomes for people living in the
city centre are sometimes lower than those living on the outskirts of conurbations.
Those who commute via the Underground, metro or train tend to (a) commute for
longer (in minutes) and (b) have higher incomes than those who drive themselves
to work. This holds true in urban and rural areas. But not all public transport users
have higher incomes: people who commute by bus earn less on average than
private car users and take around 15 minutes longer to get to work.
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Figure 29: Commuting time by deciles of income
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Figure 30: Commuting time and income, by mode of transport and urbanity

Source: Understanding Society
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We can repeat this process using Local Authorities, rather than super output
areas. If we aggregate the overall job access score 7 up to local authority level, and
compare that to gross weekly pay for full-time workers, it does seem that local
authority areas with better scores tend to have higher average incomes (Figure
31). This highlights the importance of looking at these questions from multiple
angles, using different levels of geography.
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Figure 31: Combined job access score vs gross weekly pay
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As with the more granular MSOA data, access to jobs by public transport is more
closely correlated with income than driving by car. The results from a hierarchical
regression are also similar. Residents’ qualifications, occupation and industry of
employment explains 68.5% of the variation in median income. Including the
average job access score increases R 2 by 1.2% and is statistically significant. The
90-minute by public transport job count increases R 2 by 1.6%, 60-minutes by
public transport improves R2 by 0.3%.
As you can see below (Figure 32) areas with lower-than-expected income and
poor job access include West Devon, North Devon, Hastings and Ryedale. And
areas with lower-than-expected income in spite of good transport links include
Manchester, Salford, Brent and Three Rivers. Meanwhile, areas with higher than
predicted income and good transport links include Kensington and Chelsea,
Surrey Heath, Windsor and Maidenhead and Islington. Areas with higher than
predicted income but bad transport links include Maldon, Copeland, Barrow-inFurness and Castle Point.
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Figure 32: Difference between predicted income and actual income, by local authority
Source: ASHE, ONS
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Productivity
We can also explore the relationship between productivity and connectivity. This
has been subject to considerable debate over the impact of effective city size on
the relatively weak productivity of the UK’s regional cities. On the one hand, urban
areas in the UK are further behind the national average in terms of productivity
than in peer countries. On the other hand, so are non-urban areas in the UK. The
UK combines a very large, productive capital city (like France) with a large
proportion of people living and working in other urban areas (unlike France).
The debate is complicated by the fact that most of the UK’s large cities went
through a period of dramatic population decline in the 1980s and 1990s, but
started growing more quickly than non-city areas after the turn of the Millennium.
Since productivity statistics started in 2002, almost all the UK’s large cities have
seen their productivity grow faster than the average for the UK, while the UK
outside London (even including these cities) fell back during this period.
A number of authors have argued that the UK’s large cities outside London are
less productive than we might expect them to be given their size. But this begs the
question: how big are they?
For example, Tom Forth suggests that Birmingham’s effective size is shrunk by
poor public transport, and that it has a productivity shortfall of 33% compared to
European counterparts which could shrink to just 9% if we consider that its
effective population is just 0.9 million at peak times. 8 Work by the Centre for Cities
also suggests that Birmingham and Manchester are less productive than we might
expect given their effective size.
But much turns on what we define as a “city”. Defining a city is as much an art as a
science, and much of the most commonly cited data reflects historical
administrative units which may be under- or over-bounded relative to real living
and working patterns.
Our dataset allows us to work upwards from the level of local super output areas,
which supports a more in-depth look at how city agglomerations might be
affecting different places. As you can see from Table 3 below, the number of
accessible jobs varies considerably according to different transport journey times
in different major UK cities.
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Table 7: Comparing the number of accessible jobs in cities, using local authority
districts and combined authorities
DRIVE15

DRIVE30

DRIVE60

DRIVE90

PTRANS15 PTRANS30 PTRANS60 PTRANS90

Greater Manchester

93,448

757,153

2,993,686

5,276,148

6,513

45,712

407,994

1,246,172

Manchester

116,248

791,272

2,681,119

5,212,071

14,903

107,911

687,832

1,632,948

Liverpool City Region

55,474

341,673

2,114,871

3,917,534

4,872

33,976

247,520

748,282

Liverpool

70,517

374,350

2,195,079

3,909,559

7,924

62,343

352,684

895,329

West Midlands

41,378

336,424

2,008,508 3,868,456

5,259

49,587

398,793

1,106,501

Birmingham

35,508

304,393

1,951,429

3,722,862

7,422

78,257

536,401

1,272,715

West Yorkshire

47,588

345,739

1,866,714

4,328,471

4,553

28,843

226,789

801,099

Leeds

40,363

317,724

1,551,496

3,938,168

6,504

47,859

325,872

909,176

Newcastle upon Tyne

67,650

324,685

775,174

1,096,205

9,655

82,554

355,318

687,771

Sheffield

41,270

236,190

1,256,228

3,965,066

6,345

38,040

214,373

537,289

Reading

26,853

151,484

1,124,735

3,988,627

11,137

58,988

303,818

3,372,324

Glasgow City

120,608

598,255

1,193,789

1,606,872

10,432

103,366

501,639

970,300

City of Edinburgh

46,434

202,741

653,023

1,426,006

12,176

83,795

332,341

668,341

Cardiff

48,202

203,750

718,121

1,602,925

8,937

55,892

241,243

509,197

Exploring this further, in Figure 33 below we can see that the West Midlands
Combined Authority is a mixture of highly productive areas (Solihull and Coventry)
and less productive areas (Walsall and Wolverhampton). In fact, the only areas
anywhere in the West Midlands NUTS1 region to exceed the UK average are
Warwickshire, Coventry and Solihull. Using OECD data, rather than NUTS3 areas,
Figure 34 shows that several UK cities have low GDP per job despite having a
large workforce.
In Figure 34, we also adjust the workforce size of just a few major cities (we do this
for Birmingham, Leeds, Glasgow, Manchester and Sheffield) so that their position
on the x-axis reflects the average number of jobs available within 60 minutes by
public transport. This pushes these cities significantly to the left and tightens the
relationship between city size and productivity, from R 2=0.12 as per the dashed
line to R2=0.24 on the dotted trendline.
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Figure 33: GVA per hour versus total hours worked, NUTS3 regions 9
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Figure 34: Relationship between GDP per job and workforce size in OECD
metropolitan areas
Source: OECD
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Table 8 expands on this. We identify the maximum number of jobs reachable from
a single point within each city as well as the average number of jobs available
from locations across the local authority.
As you can see, the OECD measure of workplace-based employment tends to be
larger than the number of jobs available within a 60-minute journey in our data. It
is often several times larger than the number of jobs accessible within 30 minutes.
This is not definitive, but it suggests that UK cities may not be quite as large
(functionally speaking) as we thought and that if we adjusted their population to
more accurately reflect effective population size, agglomeration effects might be
more clearly observable.
The other side of this coin is that if we improved the public transport systems of
the UK’s larger regional cities, their effective size would increase to be more in
line with OECD estimates, and reduce the productivity gap with other similar-sized
cities.
Table 8: Maximum and average number of jobs accessible for selected cities, by
public transport
30 minutes

60 minutes

90 minutes

OECD
workforce

Maximum

Average

Maximum

Average

Maximum

Average

Newcastle upon Tyne

241,225

82,554

640,240

355,318

937,950

687,771

551,050

Liverpool

209,445

62,343

587,500

352,684

1,699,655

895,329

627,882

Manchester

369,390

107,911

1,335,155

687,832

2,929,225

1,632,948

1,553,451

Cardiff

146,340

55,892

350,610

241,243

795,475

509,197

398,474

Birmingham

366,170

78,257

1,267,600

536,401

2,177,090

1,272,715

1,369,316

Glasgow City

325,205

103,366

775,110

501,639

1,351,775

970,300

851,723

Sheffield

166,170

38,040

459,235

214,373

1,808,400

537,289

506,688

Leeds

279,955

47,859

908,505

325,872

2,085,860

909,176

1,242,082

London

2,139,145

164,350

5,120,135

2,486,810

7,962,435

5,515,593

6,996,260

We can also explore the relationship between city size and land area. Table 7,
below, illustrates that the OECD estimates for the land area for major UK cities is
typically several times the reachable distance on public transport. The Newcastle
OECD metropolitan region is five times larger than the 90-minute reachable
distance starting in central Newcastle. The Leeds OECD area is 2.6 times larger
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than the 90-minute reachable distance. However, the metropolitan regions of
Liverpool, Nottingham and Sheffield are roughly the same size as their 90-minute
areas. This will impact the calculations of workforce and GVA.
Table 9: Comparing the total land area of OECD metropolitan regions with journey
time horizons
OECD land
area (km2)

Area reachable (km2)

Ratio

60 mins

90 mins

60 mins

90 mins

Newcastle upon Tyne

5,425

477

1,080

11.376

5.023

Leeds

5,113

597

1,924

8.568

2.658

London

6,968

700

2,705

9.960

2.576

Manchester

3,117

752

1,707

4.144

1.826

Cardiff

1,174

245

689

4.788

1.704

Bristol

982

296

827

3.319

1.187

Birmingham

2,150

629

1,831

3.418

1.174

Sheffield

1,258

289

1,195

4.357

1.053

Liverpool

992

314

1,012

3.160

0.980

Nottingham

902

361

967

2.502

0.933

Another issue is the use of local authority (LAU-2) units to construct the city
boundaries. In the UK, this means that metro areas are built from the roughly 380
local authorities, which will explain the rather odd-looking (and quite large) areas.
There aren’t many options for combining neighbouring areas. But in France, the
metro areas are built from communes, of which there are 34,000. This would be
the equivalent of using LSOAs in England and Wales and Data Zones in Scotland.
Part of the difference between the two countries may simply be that French
economic data is far more granular than it is in the UK.
One other clear difference is that many English cities border each other in a
meaningful way, whereas French cities are more likely to exist as urban islands.
Liverpool, Manchester, Leeds, Bradford, Sheffield, Derby and Nottingham are each
within an hour’s journey from the next. This cluster of cities more closely
resembles the Dutch Randstad. But in France, it is rare to have so many major
cities within a short distance of each other, or with overlapping commuter zones.
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Figure 35: Using the same scale, compare the OECD areas of Leeds and Lyon
Leeds, core and commuting area

Lyon, core and commuting area

To further illustrate the point, below we compare administrative boundaries
(outlined in green), ONS travel to work areas (purple), and ‘core cities’ as defined
by the House of Commons Library (the red clusters). OECD core metropolitan
areas are on the right-hand map outlined in black. There is clearly a significant
amount of disagreement over where to draw the lines, which of course will have
significant impacts on their measured size and productivity.
Another problem with these areas is that they are all mutually exclusive. In the
OECD data, Warrington is not included in the commuting zone for either Liverpool
or Manchester (because Warrington is assigned its own separate core and
commuting zone). The same is true of travel to work areas. For conurbations that
lie near to each other (Merseyside and Greater Manchester, or Leeds and
Bradford) it makes less sense to draw a hard line between them than it would to
draw a line around Newcastle, which largely exists on its own with no other major
cities nearby. Some cities will share commuting zones and the labour market
catchment areas will overlap, which complicates the calculations.

Network effects

46

Figure 36: Comparing city boundaries as defined by various organisations
Administrative (green), travel to work (purple), Core
cities (red)

OECD core metropolitan areas (black), Core cities
(red)

We repeat the above analysis (which compared income to connectivity) for
productivity and access to jobs. The 90-minute job count is not particularly closely
related to productivity at the level of local authorities, but more so than any of the
other measures of job count. This is illustrated in Figure 37 and 38.
●

Urban areas in the South, like Swindon, Slough and Milton Keynes, are
positive outliers. They fall well above the trendline such that productivity is
over £10 per hour higher than their levels of job connectivity would
suggest (if we take job access as the only predictor of productivity).

●

Whereas Edinburgh and Aberdeen perform well, Glasgow’s productivity is
10% lower than we would expect given its size and density of jobs.

●

Northern cities tend to fall below the trendline. Much of Greater
Manchester, with the exceptions of Salford and Trafford, are less
productive than we would expect. It is a similar story in the Liverpool City
Region. Newcastle is also less productive, with predicted GVA per hour
8% lower than expected.
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●

But Sunderland overperforms by £5.14 per hour, or 14%. And in Solihull,
actual GVA per hour is 32% higher than predicted, based on job
connectivity.

Figure 37: GVA per hour worked versus number of accessible jobs within 90
minutes by public transport
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Figure 38: Productivity over/underperformance by local authority. Mapped
residual from regression of PTRANS90 vs GVA per hour
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The politics of
connectivity
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We can also explore the political implications of connectivity by estimating the
average number of reachable jobs in each constituency of the United Kingdom.
This is not perfectly exact, as some LSOAs do not align with constituency
boundaries, but it provides a decent estimate of the average connectivity of
different Parliamentary seats. This analysis reveals that:
●

On average, the Conservative Party’s constituencies can access around
more than a third fewer jobs by car compared to the constituencies held
by other parties. On average, voters living in Conservative seats can
access 32,000 jobs within 15 minutes and 196,000 jobs within 30 minutes
by car, respectively. This compares to 59,000 jobs and 370,000 jobs
respectively in the average Labour seat. In SNP seats, there are on
average 48,000 reachable jobs within 15 minutes and 283,000 within 30
minutes.

●

Among Conservative gains at the 2019 election, voters on average can
only reach 30,000 jobs within 15 minutes and 187,000 jobs within 30
minutes by car. This suggests that Conservative gains at the last election
are particularly disconnected by car: Labour’s typically more urban seats
are around twice as connected on both measures. At longer distances,
this disparity narrows. Labour seats can reach around 53% more jobs
within a 60-minute drive time and around 18% more jobs within 90
minutes by car than Conservative 2019 gains.

●

SNP seats sit somewhere in the middle, reflecting the heterogeneous
nature of the party’s constituencies in Scotland. On average, SNP seats
can access 48,000 jobs within 15 minutes driving and 283,000 at the 30minute interval. At longer intervals, however, SNP-held seats become
considerably less connected: at the 90-minute drive time, SNP seats can
reach just 44% of the number of jobs of Labour seats within 60 minutes
driving and just 32% of the number of jobs of Labour seats at the 90minute interval.

Looking at connectivity by public transport, these trends are exacerbated even
further by the fact that the Labour Party increasingly dominates urban centres with
much better public transport infrastructure, especially in the case of London:
●

Among Conservative seats, the average number of jobs reachable within
30 minutes on public transport is 19,000. This is around a quarter of the
Labour average, which can reach an average 74,000 jobs within 30
minutes on public transport. SNP seats can reach 31,000 jobs on average
within the same time interval on public transport. This is around 60% more
than Conservative seats but less than half the average for Labour areas.
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●

The much greater connectivity of Labour seats by public transport holds
across different time horizons. For example, within 60 minutes by public
transport, voters in Labour seats can reach an average 865,000 jobs.
Among Conservative holds, this figure is just over 190,000 jobs. At 90
minutes, Labour seats can access an average of 1.95 million jobs by public
transport on average. Conservative gains in 2019 can access around a
third as many: just 626,000.

These political patterns of connectivity are partly explained by the realignment of
Britain’s electoral geography at the last general election.
●

The higher levels of jobs reachable in Conservative seats held in 2019
compared to those gained in 2019 is partly explained by the ring of
commuter towns on the edge of London. These are areas where proximity
to London means the number of jobs reachable, by commuting 90
minutes on public transport for example, far exceeds the number of jobs
available locally. The Home Counties tend to be well-connected places.
The Red Wall is less so, despite the presence of a number of large
interlocking conurbations across the North and Midlands.

●

Labour’s coalition is decidedly more urban after the last election: 37 of the
50 safest Labour seats sit within the boundaries of Britain’s four largest
cities: London, Birmingham, Manchester or Liverpool. These seats have a
higher number of jobs within a short distance. Within the 60-minute time
interval, for example, it is possible to travel across most major cities but
not to commuter belts. Hence Labour scores well within this interval, but
at the 90-minute interval scores comparatively less well. This commutereffect, mostly skewed by very high scores in areas in the South East, is
why Conservative holds in 2019 outperform Labour seats on average for
the 10-mile to 90-minute ratio.

●

Looking at the ratios of jobs within a straight-line distance and the number
of reachable jobs, seats the Conservatives held in 2019 are broadly similar
to those the party gained in 2019. However, both are more drivable than
the average Labour seat on these ratios given the urbanity of many
Labour seats.
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Table 3: Accessible jobs by 2019 election result
Conservative Hold Conservative Gain

Labour

SNP

Drive 15

30,429

40,397

58,780

48,325

Drive 30

186,557

246,505

369,586

283,973

Drive 60

1,192,854

1,389,958

1,831,098

814,546

Drive 90

3,306,407

3,297,014

3,899,195

1,262,850

PT 15

3,571

3,868

8,314

4,362

PT 30

18,202

23,399

73,982

31,210

PT 60

190,770

201,258

865,659

192,353

PT 90

849,254

626,785

1,950,752

486,888

5-miles:PT60

1.680

1.439

1.908

2.170

10-miles:PT60

0.454

0.470

0.607

0.726

10-miles:PT90

2.536

1.655

1.803

2.179

5-miles:D30

4.436

3.719

1.898

5.144

10-miles:D30

0.982

0.952

0.605

1.280

When we compare this to the DfT measure, and aggregate up to constituency
level, we see the same issues as noted above. Good connectivity is too focused
around central London and doesn’t extend far enough out into the suburbs and
commuter belt. The focus on proximity to an “employment centre” downplays the
connectivity of South Eastern commuter towns and overstates the connectedness
of provincial and post-industrial towns.
For example, the constituency of Esher and Walton - which is 18 miles and an hour
by train from Waterloo - scores well below the DfT average for both driving and
public transport: it is, on average, 35 minutes away from an employment centre by
public transport and 19 minutes away by car. This compares to Great Grimsby which is 61 miles by car and over 2 hours by train from Sheffield - which is scored
as being 23 minutes from an employment centre by public transport and 12
minutes by car. This shows how using existing measures to identify which parts of
the country struggle the most with access to jobs can lead to questionable results.
By any rational judgement, Grimsby has weaker access to jobs than Esher and
less connectivity.
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Figure 22: Average travel time to nearest employment centre (5,000 jobs), by
constituency
Public transport

Car

There is also a surprisingly strong correlation between connectivity for public
transport and driving. We would expect city constituencies to have significantly
better access to jobs by public transport than driving, given how congested major
cities can be. This highlights again that the DfT metric is more appropriately
understood as telling us where employment centres are concentrated, rather than
the number of jobs that people could access within a given commuting time.
Table 4: DfT journey time by 2019 General election result
Time to nearest employment centre (minutes)
Public transport

Car

Conservative Hold

39.25

20.27

Conservative Gain

32.22

17.11

Labour

23.46

13.55
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Annex

Network effects

55

The methodology was developed by Alasdair Rae for Onward, using the
TravelTime plugin in QGIS. This tool creates travel time polygons directly from the
TravelTime API in QGIS. For each LSOA and Data Zone (DZ) in Great Britain, we
are able to generate isochrones for 15, 30, 60 and 90 minutes of travel for both
driving and public transport.
These travel time horizons are intended to be realistic and consistently achievable
and they take into account the full door-to-workplace journey, including things like
walking to bus stops, waiting for trains, parking vehicles and changing modes.
Compared to driving, the public transport figures look a little conservative. But this
is largely because the whole journey includes things like waiting time, timetabling
and all sorts of other variables that could affect the calculation. It is not measuring
how fast you could travel between two stations.
An 8am departure time was used, to simulate commuting at morning peak time.
Using another time between 7am and 9am would likely produce very similar
results.
The starting point for each journey is the population-weighted centroid of each
LSOA/DZ, snapped to the nearest accessible road. So, the numbers represent a
plausible estimate of the number of jobs that are reachable within each time band
for people who live there. Given that they are based on the centroid of (in general)
very small geographic areas, the numbers should be a good representation of the
existing situation, but of course they could vary either up or down depending
upon the exact location of individual residents, or how an individual journey
happens to pan out.
The LSOA/DZ polygons were then used to count the number of jobs reachable
(using BRES data, sourced from Nomis). We can also draw a line around each
LSOA/DZ centroid, at radii of 3 miles, 5 miles and 10 miles. Using the same BRES
data, we can count the number of jobs located within a given straight-line distance
from each LSOA/DZ. We are also able to calculate the area of each isochrone, in
km2, by summing the total land area of all the LSOA/DZs in each isochrone.
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