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I. INTRODUCTION

An initiative of the 2016 London Mayor’s election
campaign was to improve engagement with Londoners
on the environment. One topic of debate is whether the
date of the Ultra-Low Emission Zone (ULEZ), originally
proposed for September 2020, should be brought forward
to 2019. This new ULEZ will cover the same area as the
current Congestion Charge Zone (CCZ) already in place
in central London. Figure 1 shows the CCZ in London as
well as the Western Extension area that operated between
February 2007 and January 2011 before being removed due
to strong public opposition. How to reduce the levels of air
pollution within London is an ongoing debate with more
and more studies showing that the CCZ should be extended.
However, citizens are unwilling to pay additional costs for
their personal travel [1].

To better understand the opinions of citizens two
independent surveys were carried out; one by Talk London
[2], with over 15,000 people, and a smaller sample by
TNS [2], [3] of 1,623 people. Both used identical questions
for consistency and responses were representative of
demographics with the exception of the distribution of
residential locations in the TNS survey.

The results of this survey show that around 73% of
those surveyed are concerned about the air quality in
central London but only 42% feel the same about their
own neighbourhood. This result confirms that citizens are
more concerned with the air quality in the centre of London
compared to the more residential, outer regions. Also,
people felt that the two main causes of poor air quality in
London are; traffic congestion (69%) and lorries and vans
(74%). This sets the premise for our main hypothesis:

h1: The new Ultra Low Emission Zone will reduce
congestion within central London.

To test this we will use the amount of traffic on roads
in London and compare the effect that the CCZ has had in
central London over time to conclude as to whether the new
ULEZ will have an effect. This data from the Department
of Transport [4] includes the amounts of all motor vehicles,
cars and taxis, bicycles, light good vehicles (LGVs) and
heavy goods vehicles (HGVs) from 2000 to 2015 on each
A-road and motorway in London. If we can show that the
CCZ has had a positive effect on the number of vehicles in

central London then the results may be used to support the
introduction of the ULEZ.

We would like to show that the ULEZ will have an
effect on the number of lorries and vans and also show
how bicycle usage is affected. We will therefore test two
additional hypotheses:

h2: The number of lorries and vans will reduce when the
ULEZ is introduced.

h3: The number of bicycles will increase when the ULEZ
is introduced.

h4: The number of cars and taxis will reduce when the
ULEZ is introduced.

Fig. 1. Congestion charge Zone with the Western Expansion zone that
operated until 2011 [5]

II. ANALYSIS

A. Methods used

To test our hypothesis we will use a number of methods
and each are explained in more detail in the appropriate
sections. The methods we have used in our analysis are:

1) Aggregated maps to provide an overview of traffic
amounts across all of London

2) Scatter plots and regression to analyse the relationship
between the number of cars and taxis against the num-
ber of bicycles, specifically in the congestion charge
zone

3) Flow maps to explore the amount of traffic by roads
instead of borough divides



4) Clustering by location and then visualised using bubble
charts to improve on the flow maps and to reduce the
amount of information lost in the visualisation

5) Heat maps to make comparisons over time rather than
simply a ‘before and after’ snapshot

B. Aggregated Maps
1) Initial analysis: Aggregated maps show the discrepan-

cies of traffic flow across the boroughs. As seen in figure
2 that some of the outer boroughs have extreme levels of
vehicles compared to the rest of London. Comparing this
with a road map of London, it becomes clear that boroughs
with motorways, particularly the M25 ring road, have skewed
amounts of vehicles.
The ULEZ, and subsequently the six boosted boroughs, will
not contain any of the motorways and to improve our visual
comparisons due to motorways having a significantly large
amount of vehicles we have decided to remove information
on motorways. The decision is also made with respect to
our research aims as motorways are, by design, less likely
to have congestion unless accidents occur.

Fig. 2. All motor vehicles 2015 (1) and (2) borough map with motorways
overlay [6]

2) Comparison of all vehicles over time: Reproducing the
aggregated map without motorways allows us to compare
the amount of traffic across years and by vehicles type. The
following maps for 2000 and 2015 show that the amount
of all vehicles across London has been consistent over time
but has reduced in central London. The maps show inner
London boroughs that are south of the River Thames seem
to have had the largest reduction in the amount of vehicles.

Fig. 3. All motor vehicles 2000 (1) and (2) 2015 without data for
motorways

C. Comparison of vehicle types over type
1) Pedal Bicycles: The number of bicycles has increased

across London but more surprisingly the number has greatly
increased in the inner London zones.

Fig. 4. Bicycles in 2000 (1) and 2015 (2) across boroughs

2) Cars and Taxis: The number of cars and taxis has
decreased slightly in a number of locations, including the
congestion charge zones, particularly those south of the river
(Lambeth and Southwark).

Fig. 5. Cars and taxis in 2000 (1) and 2015 (2) across boroughs

3) Light Goods Vehicles (LGVs): The amount of LGVs
is approximately similar in 2000 to 2015 but has reduced in
Lambeth and Southwark.

Fig. 6. LGVs in 2000 (1) and 2015 (2) across boroughs

4) Heavy Goods Vehicles (HGVs): The amount of HGVs
has remained similar overall but has shifted in the distribution
of boroughs. This is most likely due to the change of industry
in boroughs as areas are redeveloped and industrial zones are
moving further out of central London.

Fig. 7. HGvs in 2000 (1) and 2015 (2) across boroughs



D. The number of cars and taxis vs number of bicycles
It appears that there is a relationship between the number

of cars and taxis and the number of bikes in London. Namely,
the number of cars and taxis in a borough is less if the
number of bicycles is larger. This is also likely to be due
to the introduction of the ‘Santander Bikes’ (formerly ‘Boris
Bikes’ or ‘Barclays Bikes’) from 2010 in central London.
Using a scatter plot for 2000 and 2015 we can compare the
relationship across each of the 33 London boroughs.

Fig. 8. Number of cars and taxis vs number of bicycles in 2000 (1) and
2015 (2) across boroughs

This demonstrates boroughs that have a higher number
of bicycles in 2015 then the number of cars and taxis will
be lower. Applying a linear regression model we have the
regression value of −0.40 proving that there is a moderately
strong, negative correlation. However the same is not true for
2000 where the regression value is only −0.12 supporting
the theory that the increased bicycles usage has had an effect
on the number of cars and taxis in London.

Fig. 9. Regression model for number of cars and taxis vs number of
bicycles in 2015

This is a positive result for London but, as noted in our
initial analysis, we expect the correlation to be much stronger
in the inner London zones. If we compare the total amount
of cars and taxis against the total number of bicycles for all
the congestion charge zones for each year from 2000 to 2015
we can see that there is a very strong correlation. Applying
linear regression we have the regression value of −0.90 and
is shown in figure 10 where the dashed line demonstrated
the path from the year 2000 to 2015.

Fig. 10. Regression model for number of cars and taxis vs number of
bicycles in the congestion charge zones over time

E. Flow maps
The aggregated maps are useful when comparing results

across the boroughs however they do not represent the
individual roads or junctions. Instead of using aggregate
maps on smaller region we can use the location referencing
of the start and end junction of each sample location to
generate a flow map. These allow us to compare areas
that have high numbers of vehicles as the density of the
lines are high. For each map we only include traffic counts
greater than a certain amount else the visualisation becomes
too ‘cluttered’ [7]. For each vehicle type this amount was
chosen by iterating the visualisations by varying the lower
threshold of roads. The final amount chosen for each was
selected to fairly represent both years and to provide good
comparisons. As shown, this was most difficult for bicycles
as the usage has increased so significantly since 2000.

1) All motor vehicles: There appears to be fewer vehicles
in 2015 compared to 2000 in central London. The 2015
traffic is greatest around Marble Arch and the A11 leading
out towards east London.

Fig. 11. All motor vehicles on roads in the congestion charge zone for
roads only with amounts greater than 15,000 in (1) 2000 and (2) 2015

2) Bikes: The number of bikes has increased greatly
across all of central London and it seems that this is greatest
around Oxford Street and Soho.

Fig. 12. Bicycles on roads in the congestion charge zone for roads only
with amounts greater than 250 in (1) 2000 and (2) 2015



3) Cars and Taxis: The amount of cars and taxis has
greatly reduced in central London although the busy areas
of Marble Arch and the A11 towards east London are still
prevalent.

Fig. 13. Cars and taxis on roads in the congestion charge zone for roads
only with amounts greater than 10,000 in (1) 2000 and (2) 2015

4) Light goods vehicles (LGVs): The amount of LGVs has
actually increased, most likely due to the increased amount
of building development within central London.

Fig. 14. LGVs on roads in the congestion charge zone for roads only with
amounts greater than 2,000 in (1) 2000 and (2) 2015

5) Heavy goods vehicles (HGVs): The amount of HGVs
has decreased but is still focused around the main junctions
of Marble Arch and the A11 leading towards east London.

Fig. 15. HGvs on roads in the congestion charge zone for roads only with
amounts greater than 1,000 in (1) 2000 and (2) 2015

F. Clustering roads by location and then visualised using
bubble charts

Clustering methods allow us to include all the information
without the visualisation becoming cluttered. Starting with
over 400 roads we have applied the Hierarchical clustering
method: agglomerative clustering with cosine similarity and
maximum linkage.

This method was chosen as we have a large number
of clusters, specifically we have used 50 groups and
clustered the roads by their similarity in location. The
number of clusters used was chosen by iterative comparison
as we wanted to include as many locations as possible.
The clusters have been averaged by their longitude and
latitude location references and the sum of traffic of the
roads in each cluster is used. These can then be plotted
where the axes correspond to location and the bubble
size and colour density represents the amount (i.e. larger
amount of traffic is shown as larger circles and denser
colours). Each of the amount have been normalised to fit
within the figures and allow comparable results. [8], [9], [10]

1) All motor vehicles: There has been a large reduction in
all motor vehicles since 2000 with the largest amounts now
in the east (Tower Hamlets) whereas this was previously in
the central western regions (Westminster)

Fig. 16. All motor vehicles on roads in the congestion charge zone with
amounts scaled down by a factor of 1,000 in 2000.

Fig. 17. All motor vehicles on roads in the congestion charge zone with
amounts scaled down by a factor of 1,000 in 2015.



2) Bicycles: The map shows that the number of bicycles
has greatly increased in southern regions and it seems that
whereas the number of bikes were spread in 2000 they are
now heavily focused centrally 2015. As mentioned previ-
ously, this may be due to the introduction of the Santander
Bikes and the locations of bike stations.

Fig. 18. Bicycles on roads in the congestion charge zone with amounts
scaled down by a factor of 100 in 2000

Fig. 19. Bicycles on roads in the congestion charge zone with amounts
scaled down by a factor of 100 in 2015

3) Cars and Taxis: Similar to the results for all motor
vehicles, cars and taxis have reduced centrally since 2000
and now are focused in the east regions.

Fig. 20. All motor vehicles on roads in the congestion charge zone with
amounts scaled down by a factor of 1,000 in 2000

Fig. 21. All motor vehicles on roads in the congestion charge zone with
amounts scaled down by a factor of 1,000 in 2015

4) LGVs: As shown in the flow maps, the number of
LGVs seems to have increased in most regions of central
London. In 2015 there is an even distribution of moderate
amounts of LGVs in Westminster, Southwark and the City of
London. Tower Hamlets now has the largest amount, most
likely due to the increased building development in these
areas, as there was in the City in 2000.

Fig. 22. LGVs on roads in the congestion charge zone with amounts scaled
down by a factor of 200 in 2000

Fig. 23. LGVs taxis on roads in the congestion charge zone with amounts
scaled down by a factor of 200 in 2015



5) HGVs: Similar to the LGVs, HGVs have seen a
large shift from the central regions towards more eastern
regions. Most central regions have had a reduction of HGVs
since 2000. Again most likely due to the shift of building
development regions.

Fig. 24. HGVs taxis on roads in the congestion charge zone with amounts
scaled down by a factor of 50 in 2015

Fig. 25. HGVs taxis on roads in the congestion charge zone with amounts
scaled down by a factor of 50 in 2015

G. Heat Maps
All of the previous visualisations except the regression

analysis provide results that are a ‘before and after’ snapshot
where we compare results from 2000 to those of 2015. It is
also required that we use visual analytics over the time period
and compare this to the important dates:

• 2003: The Congestion Charge Zone (CCZ) is introduced
• 2007: The Western Extension of the CCZ is introduced
• 2010: The first Satander Bikes are available (formerly

Barclays Bikes)
• 2011: The Western Extension of the CCZ is removed
1) All motor vehicles: The heat map shows that there has

been a general reduction in the amount of motor vehicles
in the Congestion Charge Zone, particularly in Westminster,
Southwark and Lambeth.

Fig. 26. Heat map for all motor vehicles in the congestion charge zone
from 2000 to 2015 (motorways excluded)

2) Bikes: Confirming our previously analysis, the heat
map shows a large increase in the number of bicycles in
many of the boroughs. The visualisation is important here
as we can see the surge increases in areas at 2003 and
2010. Particularly in Westminster in 2003 and Southwark
and Lambeth in 2010.



Fig. 27. Heat map for all motor vehicles in the congestion charge zone
from 2000 to 2015 (motorways excluded)

3) Cars and Taxis: There have been reductions in the
amount of cars and taxis in many of the boroughs after
2003 and 2010. This result shows that the introduction of
the CCZ has had a large effect in central London.

Fig. 28. Heat map for all motor vehicles in the congestion charge zone
from 2000 to 2015 (motorways excluded)

4) LGVs: It appears that there has been little change
in the boroughs. The only exception is an increase in all
boroughs in 2007 and 2008 likely due to an increase in
building developments in central London. The decrease after
2008 may have been associated with the financial crisis and
the amounts have since slowly increased in Westminster and
Tower Hamlets as the economy has recovered.

Fig. 29. Heat map for all motor vehicles in the congestion charge zone
from 2000 to 2015 (motorways excluded)

5) HGVs: The number of HGVs has decreased over time,
confirming our previous results. The exception has been for
increases in Westminster and Tower Hamlets in the past few
years as well as Hackney in 2011. It seems that the CCZ has
had little effect on HGVs and it is more determined by the
demand for large goods being delivered in central London.

Fig. 30. Heat map for all motor vehicles in the congestion charge zone
from 2000 to 2015 (motorways excluded)



III. RESULTS

The analysis has shown that the number of bicycles
in central London has increased since 2000 and we can
conclude that their usage in central London will increase
once the Utra Low Emission Zone (ULEZ) is introduced.
Thus accepting our third hypothesis (h3). This can be
further confirmed by the increase in bicycle usage in 2003
when the CCZ was introduced and also the implementation
of the Santander Bikes in central London (as demonstrated
in the aggregated, flow and bubble maps).

The results show that the amount of cars and taxis has
reduced since 2000 in central London (as demonstrated in
each of our visualisations). In particular, in regions south
of the river (Southwark and Lambeth). Whereas Tower
Hamlets has been least affected by the CCZ. This shows
a correlation to the number of bicycles being used in each
borough and we have subsequently shown that the amount
of bicycles increasing is inversely correlated to the amount
of cars in the CCZ. Based on our previous conclusion
and this correlation it seem likely that the number of cars
and taxis will continue to reduce in these central boroughs
once the ULEZ is introduced. Thus accepting our fourth
hypothesis (h4).

The visualisations have shown that there has been little
change in the total amount of LGVs and HGVs across
central London. It seems that although some areas have
fewer other areas have also increased over time. The ULEZ
may reduce the amount of lorries and vans but from our
analysis it is not possible to conclude this, therefore we
cannot accept our second hypothesis (h2).

The number of cars and taxis in central London is by far
the largest vehicle group and as we have confirmed that this
will reduce it is also possible to conclude that the overall
amount of motor vehicles will reduce when the ULEZ is
introduced. Thus accepting our main and first hypothesis
(h1).

The results have allowed us to conclude that the amount
of motor vehicles will reduce when the Ultra Low Emission
Zone is introduced. Citizens of London are in favour of
the new charge as the majority agree that air pollution is
an ongoing problem in central London. This suggests that
the introduction of the ULEZ should be brought forward to
2019. It has been made clear with previous efforts to expand
the Congestion Charge Zone and the survey performed that
people do not approve of the zones expanding towards more
residential areas of London. Additionally citizens highlight
lorries and vans as an issue and it seems that the CCZ has
done little to reduce the amount of these vehicles in central
London. This implies that even though the ULEZ is likely
to affect all light and heavy goods vehicles it is unlikely to
be, unlike personal car travel, a large enough cost to be a
de-incentive for good vehicles.

IV. EVALUATION OF VISUALISATION METHODS

A number of visualisation and computational methods
have been used in the analysis and the reasons for using each
were listed at the beginning of this research. Each have been
used effectively to obtain the results required that allowed
us to accept or reject each hypothesis. However, individually
the visualisations are not enough to find conclusive results
and a combination of methods was required. Attempts
have also been made to keep the colour scheme for each
vehicle type consistent. Also the order visualisations given
is consistent for readers to better compare the results.

A. Summary of the performance of each method
1) Aggregated maps: These provided an overview of

the distribution of vehicle types and provided geographical
context to the boroughs that were listed as most important.
However, the aggregated maps failed to account for busy
roads or junctions that may have skewed the results for
a borough. These did not provide information on a deep
enough level for us to conclusively decide whether there
was an increase or decrease since 2000 for each vehicle
type in the congestion charge zone.

2) Scatter plots: These were used to demonstrate the
relationship between the amount of cars and taxis and
the amount of bicycles in London. These clearly show
that the relationship has improved across the whole of
London since 2000 and, more importantly, the strong,
inverse correlation between these amounts in the CCZ.
This strong correlation was particularly important due to
its strength and also because it allowed us to use our
accepted third hypothesis to accept our fourth hypothesis.
It is possible to apply similar methods to the other
vehicle types but, based on our aggregated maps, there was
little to suggest a relationship between the LGVs and HGVs.

3) Flow maps: These were used in an attempt to solve
the problem highlighted in the aggregated maps where the
trends of individual roads are not represented. The flow
maps have a number of problems including: paths are from
start to start points not start to end points, it is difficult for
readers to understand the geographical placements without
a frame of reference and information had to be removed
to prevent the images become to cluttered. Indeed, this
research may not require the use of these flow maps but
they provide good relative comparisons and are also the
visualisations that can be most improved in future work.

4) Clustering and bubble maps: As we confirmed
that the flow maps were insufficient in this case we
developed bubble maps using clustering methods. These
were similarly developed to also represent the individual
roads geographically that were highlighted as an issue in
the aggregated maps. Ideally we would apply our clustering
method using flow maps but, until all the problems are fixed
with these, the bubble maps provided a means to compare



the distribution of vehicle types across central London.
This was particularly important when rejecting our second
hypothesis as these showed that LGVs and HGVs have
mostly shifted locations rather than reducing in the total
amount in central London.

5) Heat maps: Lastly we used heat maps as none of
the previous analysis, except the regression relationship,
was performed over all the years from 2000 to 2015. It
may have been possible to create aggregated, flow and
bubble maps for each year but it becomes increasingly
difficult to compare visually. Instead heat maps are the best
option in this case and these have demonstrated the effect
important dates have had on the amounts of cars and taxis
and bicycles. These were important in accepting or rejecting
each of our hypotheses and they also confirmed earlier
theories that the introduction of Santander bikes have had
an effect on the amount of cars and taxis in central London.

B. Further work

The results have demonstrated how the visualisations
have been used to accept or reject our hypotheses and we
can develop these further. Firstly it is required that the
problems with flow maps are solved and then these can be
combined with clustering methods to produce better results.
It would then be possible to apply similar methods to other
data based on London.

It would be interesting to fully assess the effect the
Santander Bikes on bicycle usage in central London by
comparing the dates the bike stations are opened in each
area with the number of bicycles in that area.

Another subject that has not been addressed is that the
data used is for A-roads and it is assumed that this provides
representative results but it may be that results would differ
if we had data for all road types in central London. We
may be able to apply our linear regression model to make
predictions of the number of bikes in a smaller region if we
know the number of cars and taxis for example.

It is not required that these methods be applied only to
vehicles. With the exception of flow maps all of these could
be applied to population amounts or any location based
comparisons. Indeed, these comparisons could be similarly
applied to the rest of the UK without difficulty as boroughs
are well defined within the data available.
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