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ABSTRACT -

Poor air quality is a huge risk to human health. In London, pollutant levels greatly exceed
the WHO recommendations and contribute to thousands of deaths every year. To address
this, air quality policies have been implemented such as traffic congestion charges
(T-charge, ULEZ). Reports issued by the Mayor of London have described these traffic
schemes as very successful at reducing levels of common pollutants NO2 and PM2.5. We
investigated whether we could replicate these findings, and whether border regions of
congestion zones might be negatively impacted due to people travelling around the edge
of zones to avoid charges. We found significant decreases in NO2 inside congestion zones
compared to outsize, and no difference in border regions. We also found decreases in
motor traffic levels inside zones and in border zones. Our analysis agrees with existing
reports but we highlight that even with the reductions, the level of pollution in London
greatly exceeds WHO recommended limits.
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INTRODUCTION

The following section provides context for project objectives. It provides a review of the
impacts of air pollution globally, as well as the problem of air pollution in London.

OVERVIEW OF THE IMPACTS OF AIR POLLUTION

Air pollution poses a critical threat to human health worldwide. In 2019, the World Health
Organisation (WHO) estimated that 99% of the world population live exposed to air
pollution levels exceeding the health limit [2]. Air pollution affects almost every organ in
the human body and most people can do little to limit their exposure. The three main
conditions associated with air pollution are respiratory diseases, cardiovascular disease and
lung cancer [3]. Additionally, recent studies are finding air pollution to be associated with
dementia, low birth rate, Type 2 diabetes and decreased brain development in children
[4-7]. Air pollution is now the biggest environmental contributor to early death – in 2016,
the WHO estimated air pollution to be the cause of 4.2 million premature deaths worldwide
[2]. However, a recent study concluded the true figure to be almost double, meaning that
air pollution from burning fossil fuels like coal and diesel was responsible for about 1 in 5
deaths worldwide [8]. The main pollutants emitted by the burning of fossil fuels, such as
coal, petrol and diesel, are particulate matter (PM10 and PM2.5), black carbon, nitrogen
oxides (NO and NO2), ozone (O3) and sulphur dioxide (SO2), all of which pose short-term
and long-term health risks. Of particular concern are PM2.5 particles, which are less than
2.5 microns in diameter and due to their small size, can penetrate deep into the lungs and
directly into the bloodstream. Figure 1 shows the worldwide distribution of premature
deaths due to PM2.5 exposure.

Figure 1. Estimated annual excess deaths due to exposure to ambient PM2.5 generated by fossil fuel
combustion. Fine spatial grid scale is about 50 km × 60 km, coarse spatial grid scale is about 200 km
× 250 km. Figure taken from [8].
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In general, deprived populations suffer the most from air pollution [9]. This inequality arises
because lower income populations may be more exposed to air pollution and/or have an
increased sensitivity to air pollution. On a global level, low- and middle-income countries
are most heavily burdened by air pollution [10]. It is estimated that in 2018, fossil fuel
pollution accounted for 18% of total deaths in China and for over 30% of total deaths in
India, for people aged over 14 [8]. Within cities, lower-income communities are more likely
to live near industrial factories and/or busy roads and less likely to use private transport
and/or work indoors. In addition to an increased exposure to air pollution, lower
socio-economic status is associated with poorer health in general, meaning deprived
populations may be more sensitive to the health effects of air pollution [11].

LONDON AIR POLLUTION

Within the UK, Londoners are exposed to the highest levels of air pollution. Figure 2 shows
the mean UK NO2 and PM2.5 concentrations, for the year 2019, which in London are at
least 4 times and 2 times higher than the WHO health limit for NO2 and PM2.5,
respectively.

Figure 2. UK ambient air quality: NO2 and PM2.5 annual mean concentration for 2019. The health
limit set by the World Health organisation for NO2 and PM2.5 is an annual mean of 10 ug/m3 and 5
ug/m3, respectively [12].

A 2021 report suggests the equivalent of ~4000 deaths were lost in 2019 due to air pollution
in London [13]. This is an alarmingly high number, though it represents a large decrease
since previous estimates were calculated in 2010, when ~9,400 extra deaths per year were
linked to long-term exposure to air pollution in London and average life expectancy was
reduced by a year [14]. If 2013 concentrations of NO2 in London remained constant for 142
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years (this was the chosen period of time used in the modelling in the report, it is unclear
why this time period was selected), 9 million life years would be lost across London’s
population over that period. If NO2 concentrations are reduced in line with predictions
resulting from proposed air quality policies, this improves to around 3 million life years lost
[13]. Thinking of this another way, a child born in 2013 has a predicted life expectancy
reduction of 7-11 months due to air pollution, if there are no changes. This is improved to a
loss of 2-5 months, with the predicted reductions resulting from air quality policies.

The main source of air pollution in London is road transport (Figures 3 and 4 - data from
2013), and schemes affecting transport and congestion have formed the backbone of air
quality policy within London.

Figure 3. NOx sources in Greater London in 2013 from [15].

5



Figure 4. PM10 sources in Greater London in 2013 from [15].

LONDON CONGESTION CHARGES

In 2003, the London congestion charge was introduced to tackle the problem of increasing
traffic congestion and air pollution in central London [16]. The Congestion Charge Zone
(CCZ) covers an area of 21 square km in central London and car users travelling within this
zone are charged the current fee of £15, 7 days a week between 7 am and 10 pm, except for
Christmas day.

Despite these measures, in 2016, over 2 million Londoners lived in areas exceeding the legal
limit of NO2 and PM2.5, as set by the WHO [17]. To address this issue, the Toxicity Charge
or “T-Charge” was introduced in 2017, charging high-emission vehicles (typically those
registered before 2006) a fee of £10 to travel within the CCZ during the congestion charging
hours, in addition to the congestion charge. This scheme was replaced by the Ultra Low
Emission Zone (ULEZ) in 2019, which is in place 24/7 (except for Christmas day). Petrol
vehicles registered before 2006 and diesel vehicles registered before 2015, are charged
£12.50 to travel in the CCZ. Larger vehicles, such as lorries, are charged £100.

In October 2021, the area covered by the ULEZ scheme is due to increase by approx. 380
square km, the borders of which will lie along the two main ring roads (North Circular and
South Circular roads), surrounding central London (see Figure 5). In addition, the partial or
full ULEZ charge discount available to residents living in the CCZ, will be dropped.

Figure 5. Expansion of the London Ultra Low Emission Zone, effective from the 25th October 2021
from [18]. Current zone in orange, expansion in yellow.
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PROJECT OBJECTIVES

The success of the ULEZ scheme in improving central London’s air quality is well
documented [17]. A recent report has highlighted a 94% reduction in the number of people
exposed to dangerous levels of NO2. However, we question whether there has been an
increase in traffic congestion and/or a deterioration in air quality in the areas that lie along
the borders of the ULEZ, due to an increase in car users avoiding the ULEZ when travelling
between areas on opposite corners outside of the ULEZ border. 

In this project, we will investigate the impact of the T-Charge and ULEZ schemes, in terms
of air quality and traffic congestion, in the areas inside and outside the congestion charge
zone. When determining air quality, we will focus on two pollutants heavily associated with
transport, NO2 and PM2.5. NO2 is produced primarily by the burning of fuel, and is emitted
by cars, trucks and busses, leading to high concentrations of NO2 in locations with heavy
traffic. PM2.5 is derived both from natural sources (such as dust and sea salt), and from
human-made sources such as particles emitted from vehicle exhausts. It is estimated that
half of London’s NO2 pollution and one third of London’s PM pollution is emitted by road
transport [17].

By assessing air pollution levels in London, before and after the implementation of the
congestion charges, we hope to validate the results reported in [17]. We propose to divide
the available air pollution data into three groups, inside, outside and directly on the ULEZ
border and in doing so, we aim to understand the impact of the congestion charge scheme,
as well as test our hypothesis of an increase in pollution directly outside of and on the
border.
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DATA SOURCES

Data for traffic inside London and air quality was sourced from two main publicly available
locations. Since the data sets were not formatted in the same manner they needed to be
aligned in order for comparison across the sets.

AIR POLLUTANTS

Data from the air network monitoring sites was obtained through the London Air Quality
Network API [19]. A python script was made to retrieve hourly concentrations of pollutants
from 240 sites in the period of April 2016 to April 2021 and store them in csv files.

Our initial raw dataset consisted of individual files per site, with a column for the
timestamp, and one column each for the pollutant that the site tracked. The total number
of tracked pollutants was 6 (Nitrogen Dioxide, Ozone, PM10 Particulate, Sulphur Dioxide,
PM2.5 Particulate, and Carbon Monoxide) but few sites tracked more than one pollutant.
For example, only 201 out of 240 sites tracked Oxides of Nitrogen, and for most other
pollutants this number is lower.

Not all sites had the same number of data available, as some sites ceased operations in or
before the selected time period. The process for dealing with missing data is described in
the data wrangling section.

TRAFFIC

Traffic data was obtained from the UK Department of Transport website [20]. Data includes
traffic counts observed on an ‘average day’ at numerous sites per borough, up to and
including 2020. Counts are provided for the total number of motor vehicles observed, and
sub-categories including cars and taxis, coaches and buses, and pedal bicycles. The
longitude and latitude coordinates for all traffic monitoring sites are included in the data.
The data contained 3582 total unique traffic monitoring sites across London.

DATA WRANGLING AND CLEANING

To isolate the impact of the congestion charge, we divided the London Air monitoring sites
into three locational groups; inside the ULEZ border, on the ULEZ border and outside the
ULEZ border. Given the geographic coordinates of the ULEZ border, we grouped all sites by
their latitude and longitude coordinates into these three categories. Since it was unlikely
that many sites would lie directly on the border, we included an inner and outer buffer
border, as shown in Figure 6. The ULEZ expansion border was taken as the outer boundary
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of the outside-border zone and any sites located beyond this boundary were excluded from
the data analysis. Table 1 shows the number of sites available per region and pollutant.

Figure 6. Plotted coordinates of the current and planned ULEZ borders, including an inner and
outer buffer region. Air monitoring sites were grouped by their location - inside, on or outside the
ULEZ border.

To obtain accurate data on the location of both the current ULEZ border and the planned
border expansion, we used the Geopackage and Shape files available on the London
Datastore website. These files are not in a human-readable format, and thus we converted
them to csv files for analysis and plotting purposes. The geopackage file for the ULEZ
expansion had coordinates in EPSG:27700 encoding, rather than standard World Geodetic
System coordinates. For this file specifically, we needed to take an additional process step
and convert the coordinates to the standard system before using them.

Border coordinates were then used to classify air monitoring sites as described above, and
for visualisation purposes in the interface. See the interface section of the report for more
information.

Pollutant /
Location

Inside Outside Border

NO2 14 53 8

PM2.5 4 19 5

Table 1. Number of monitoring sites per Location group and pollutant
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Given the small number of sites monitoring PM2.5 inside and on the border of the charge
zones, and the strong relationship between NO2 and traffic-related emissions, we decided
to exclude PM2.5 from further analyses and examine the effects of the congestion charge
on air pollution by focussing on NO2 concentrations only.

In the next stage, NO2 data from all sites was collated into a pandas dataframe and
additional columns representing the site location (inside/outside/border), day of the week,
month, and year were added. For each site, data was resampled from hourly to daily
frequency (using pandas PeriodIndex functionality).

There needed to be sufficient data from each site for analysis to take place over time.
Therefore, the criteria for including a site was that it had a minimum of data for 2o days per
month and 9 months per annum.

  The traffic data contained multiple sites per London borough along with their geolocation
data (longitude and latitude). Traffic data was only issued annually representing a typical
day in each year.

The longitude and latitude coordinates were used along with the coordinates of the ULEZ
borders as shown in Fig. 6 to determine which sites fell into the same three location groups
(Inside, Border and Outside) as the pollutant data. The results of this analysis can be seen in
Table 2. There were more traffic monitoring sites than pollutant monitoring sites.

Location Inside Border Outside

No. Traffic Monitoring Sites 170 135 747

Table 2. The number of traffic monitoring sites per Location group.
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DATA ANALYSIS

After sourcing, cleaning and aligning the data, exploratory data analysis and statistical
analysis was performed.

EXPLORATORY DATA ANALYSIS

The main objective of our project was to examine the effects that the London Congestion
Charges had on traffic and air pollution. However, both traffic and air pollution are affected
by many factors outside the intervention such as seasonality, weather, and significant
events (e.g., COVID-19 related restrictions). An exploratory data analysis (EDA) was
performed to better understand the effects of several variables that we predicted would
have an important impact. Findings from the EDA revealed several trends that were
subsequently built upon to inform our statistical analysis approach.

Time-related effects on air quality were studied by averaging NO2 concentrations across all
monitoring sites, regardless of site location. We observed weekly and seasonal trends in
NO2 concentrations: Levels were higher on weekdays than on the weekend (Figure 7A) and
higher during winter months than summer months (Figure 7B). This may reflect
traffic-related emissions during times at which more cars are used (e.g., to commute to
work and during colder weather), as well as non-traffic related emissions, such as
heating-related emissions during winter months.

Figure 7. Effects of time on average NO2 concentrations across all sites: (A) according to day of the
week, and (B) according to month ( 1 = January, 12 = December). Red horizontal line represents the
current WHO guideline for maximum recommended daily mean.

NO2 concentrations also showed a trend of decreasing over time, with levels dropping
annually from 2016 to 2020 and a slight increase in 2021 (Figure 8A). Importantly, despite
the average annual NO2 levels falling since 2016, the annual NO2 concentrations still vastly
exceed the WHO recommended level, which was set as a guideline to “protect the public
from the health effects of gaseous nitrogen dioxide” [2].
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Figure 8. Average NO2 levels by year, across all sites. The red line illustrates the WHO guideline for
annual mean NO2 level (10μg/m3)

Examining the average monthly data according to site reveals differences in NO2
concentrations depending on site location relative to the congestion charges zone (NO2
levels outside < border < inside), with a decrease in NO2 concentrations visible over time
across all locations (Figure 9). It is interesting to note a large drop in NO2 levels in March
2020, around the time when restrictions were introduced in London during the SARS-CoV-2
pandemic, followed by an upwards trend over time as restrictions were eased. This drop
corresponds to the relatively large decrease in average NO2 levels between 2019 and 2020,
and a small increase between 2020 and 2021 visible in Figure 8.

Figure 9. NO2 levels by time and location. Month 1 = January, month 12 = December.

When looking at traffic data for the whole of London, as in Figure 10 there can be a sharp
decrease between 2019 and 2020, likely due to the stay-at-home advice issued by the UK
Government in response to the SARS-CoV-2 pandemic. It can also be seen from Figure 10
that the majority of vehicular traffic in London is caused by cars and taxis. Since private
vehicles are the primary targets of ULEZ and there is a correlation between NO2 pollution
and car emissions, analysis primarily focussed on this category of vehicle. This can be seen
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in Figure 11. In both Figures 10 and 11, the year that the T-charge (2017) and ULEZ (2019)
were implemented are marked with vertical lines.

Figure 10. Annual total traffic counts for all sites across 2002-2020, separated by vehicle type.

Figure 11. Traffic counts on a typical day of the year by traffic monitoring site location, cars & taxis
only.

Mean traffic counts also appeared to show an overall decrease over time as can be seen in
Fig 12. It shows the mean traffic count per Location group where data for Inside is the mean
of monitoring sites inside of the T-charge/ULEZ border, data for Outside is the mean of
monitoring sites outside of the T-charge/ULEZ border and data for Border is the mean of
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monitoring sites on a road that forms the T-charge/ULEZ border. The annual total
(summed) traffic per Location can be seen in Figure 13.

Figure 12. Annual  total traffic counts for all sites across 2002-2020 for cars and taxis only.

Figure 13. Comparison of Annual Total Number of Vehicles in London by Location.
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STATISTICAL ANALYSIS

Statistical analysis was performed in python. To compare the distributions between the
three Location groups (Inside, Border, Outside) a non-parametric test was used; Kruskal-
Wallis. The calculation is represented visually in Figure 15. The average traffic count and
NO2 levels before and after the traffic congestion charges were compared to see what the
impact of the charges was. The “intervention” in this section is the implementation of both
the T-charge and ULEZ.

Figure 15. Visualisation of the input into the Kruskal-Wallis statistical test.

Kruksal-Wallis was followed by a post hoc test. We calculate Dunn’s statistic using
bonferroni corrections in order to determine which pairwise comparisons drive the change.

Our EDA showed variations in NO2 concentrations and traffic due to factors that are
unrelated to the congestion charge. These variations made it hard to assess the specific
impact of the intervention. In order to minimise the influence of short-term and seasonality
effects, we averaged the data over 6-month time periods, computing the average NO2
concentration pre-intervention (from May – October 2017), and post-intervention (from
May-October 2019) for each site. These specific time periods were selected because they
allowed us to include data after both the T-Charge and the ULEZ schemes were introduced
in the post-intervention condition, while avoiding the inclusion of data that might be
influenced by the covid pandemic (see Figure 16). Sites that included less than 4 months of
data to average over for the pre/post-intervention time periods were excluded from further
analysis (leaving us with 7, 6, and 30 sites in the inside, border and outside groups
respectively).
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Figure 16. NO2 levels by time and location. Shaded grey areas represent time periods used to calculate
average NO2 concentrations pre- and post-intervention. Vertical black lines represent the introduction
of the T-Charge and ULEZ scheme. (First line: T-charge, second line: ULEZ).

To detect changes that were the result of the traffic congestion charges, we calculated the
average change that had occurred in NO2 concentration levels for each site (i.e. the deltas
in figure 15). We compared the average change between sites grouped according to their
location relative to the congestion charge zones (inside, outside, and on the border). Our
initial hypothesis was that we would find a difference in these deltas according to site
location. Specifically, we had expected to see a larger reduction in NO2 levels within the
charge zone compared to outside the charge zone. Furthermore, if our prediction that
border roads might have suffered a negative impact as a result of the congestion charge is
correct, we would expect a smaller reduction in pollution for border sites compared to the
sites outside the charge zone. Results showed a significant difference in the change in the
NO2 concentration (i.e. the delta size) across the three location groups (H = 11.75, p < .005,
df =2). Follow-up post-hoc comparisons revealed a significant difference between the
change in NO2 for the inside sites compared to the outside sites ( p < .001).

These results demonstrate that the congestion charges led to a decrease in NO2
concentrations in areas within the intervention zone. Furthermore, we found that the
reduction was comparable in size to the effect reported by the Mayor of London (23%
reduction in our analysis, vs. 24%-29% reported by the Mayor of London). However, we did
not find support for our prediction that areas on the border would suffer negative results.
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Figure 17. Boxplots showing the difference between the NO2 levels before and after the
intervention (left) and by Location group (right). Pre = pre-intervention, post = post-intervention.

Traffic analysis was accomplished in a similar manner. Since the data was annual it was not
possible to calculate interventions at a more granular level. The number of cars and taxis for
each site in each of the Location groups was compared for the years before, after and
during the intervention. The difference between the years was then calculated for the time
periods before (2016-2017), during (2017-2018) and after (2018-2019) the intervention (as
defined previously).

When looking across the three Location groups, the results showed that for the Inside sites
there was a significant difference for the number of cars and taxis at the p =0.05 level, (H =
77.27, p <0.00 , df = 3). This difference was primarily driven by the difference between the
groups 2017-2018 (p < 0.01 ) and 2018-2019 (p = 0.01).

For the Outside sites there was a significant difference for the number of cars and taxis at
the p =0.05 level, (H = 214.82, p <0.00 , df = 3). This difference was again primarily driven by
the difference between the groups 2016-1017 and 2017-2018 (p < 0.01 ) and 2016-2017 and
2018-2019 (p = 0.01).

For the Border sites there was a significant difference for the number of cars and taxis at
the p =0.05 level, (H = 65.25, p <0.00, df = 3). This difference was again primarily driven by
the difference between the groups 2016-1017 and 2017-2018 (p < 0.01 ) and 2016-2017 and
2018-2019 (p = 0.01).

Overall, there was a significant difference in the car and taxi count for each of the Location
groups after the intervention.

When looking across time for 2016-2017, and combining the three location groups, the
change in measured traffic for each location in 2016-2017 is significantly different (H = 7.81 ,
p =0.02, df = 3). However, when applying Dunn’s test there was no significance across the
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groups. This would indicate that although there were differences between the three
distributions, they are not significantly different.

There was no significant difference for the change in traffic across location for the years
2017-2018.

When looking across time for 2018-2019, the change in measured traffic for each location in
2018-2019 is significantly different (H = 16.75, p <0.01 , df = 3). This difference was primarily
driven by the difference between the Outside and Inside groups (p = 0.05).

When looking across the whole time period before and after the intervention (2016- 2019)
there was a significant difference between the Location groups, (H = 30.78, p <0.01 , df = 3).
This difference was primarily driven by the difference between the Outside and Border
groups (p = 0.3).

The results of the statistical analysis show that the ULEZ and T-charge policy has
significantly impacted the number of cars and taxis within the Inside group. In addition, we
can see that in some years the traffic count in inside and border groups have changed in
comparison to the outside group.
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INTERFACE DESIGN

Air pollution data over time was visualised with interactive maps. The maps show the
location of all 240 monitoring sites, with the colour of the site indicating the level of
pollution. A static example of such a map can be seen in Figure 18. In the interactive version
of Figure 18, the bottom bar allows a user to control the animation. The top left panel
allows a user to zoom in on the map. The top right panel allows a user to show or hide the
ULEZ borders or sites themselves.

A site with a brighter yellow colour has measured a higher number of the pollutants than
sites with a darker blue colour. Values per site are averaged per week over a timespan of
five years. By pressing the play button on the map, the map is animated and pollution over
time gets visualised.

In addition, the ULEZ border and extended ULEZ border are both visualised on the map, so
users get an idea of which sites are inside, on, or outside the border. A pop-up appears
when a site is clicked, which specifies the site name and its measured pollutant value. Maps
were created using the folium python package. Additional datasets for mapping the ULEZ
borders came from the London Datastore website. 

Some preprocessing of data occurred before using them to create the interactive maps.
The colour of a site on the map depends on its normalised value with regards to all other
values on the map across time. Normalisation occurred by taking the site value, subtracting
the minimum value in the dataset, and dividing by the difference between the minimum
and maximum values in the dataset. Therefore, outliers in the dataset could heavily
influence the sites’ colours. As can be seen in figure 19, the data for Nitrogen Dioxide has a
strong positive skew with a heavy tail. To avoid outliers influencing the visualisation, they
were ignored when performing the normalisation of site values. The maximum value used
in normalisation was the upper quantile + 1.5 times the interquartile range.

We created three maps in total for visualising NO2, PM 10 and PM 2.5. The maps are
displayed together on one website. This website can be found at the following link:
https://ldn-airpollution-app.herokuapp.com/. 
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Figure 18. Static screen capture of the interactive map for NO2.

Figure 19: Boxplot of the distribution of the measured nitrogen dioxide values across all sites and
timepoints
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DISCUSSION

This final section of the report reviews the work done, highlights limitations and potential
future directions of the work and presents conclusions that can be made from the study.

IMPACT OF THE TRAFFIC CONGESTION CHARGES

It can be seen from the statistical analysis that traffic (represented by the cars and taxis) has
gone down in the Inside and Border groups compared to the Outside group. The level of
NO2 was also significantly reduced within the ULEZ zone. This is expected because NO2 is
correlated to traffic vehicle emissions. The PM pollution levels were not analysed in detail
as an insufficient number of sites record this data. However, from EDA it could be seen that
it did not decrease over time for the sites. This is expected since traffic pollution only
comprises a small portion of overall particulate pollution (PM pollution).

Overall, the NO2 and PM levels are still above thresholds set by the WHO, although the
findings in this report support the results from [17] showing that ULEZ has been useful. This
was true despite different data approaches being used compared to the official report.
Therefore, there is evidence that schemes like ULEZ that limit traffic help reduce NO2
pollution levels which may be harmful to human health.

LIMITATIONS

This study was limited by a number of factors. In terms of data availability, we found that a
large number of sites had no data or missing data, or did not monitor all pollutants. The
number of available sites in the on-border group were particularly low and this may have
affected the results of the statistical analysis. In addition, sites were categorised by their
“site type”, which described the location of the monitoring sites - roadside, kerbside, urban
or industrial. We expected to see the largest change in pollution levels for roadside sites,
given the impact of the congestion charge on traffic flow. For this reason, we intended to
perform the data analysis only on roadside sites. However, limiting the sites to roadside
sites left only four on-border sites and judging this number to be too low to perform a
reliable statistical analysis, we decided to include all site types in our calculations. When
assessing the change of pollutant concentrations before and after the introduction of the
congestion charges, inclusion of all site types is likely to have reduced the gradient of any
visible trends, as we would expect pollution levels to be largely constant for industrial sites
and possibly also urban sites, since residents living within the ULEZ are exempt from the
congestion charge fee.

Our data analysis did not take into account weather changes, which can influence the
dispersion and build-up of pollutants. NO2 and PM2.5 are found to accumulate during
anticyclonic conditions in the winter and south, easterly and south-easterly winds are
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known to increase PM2.5 concentration across the UK [21]. Fluctuations in weather is one
of many factors that will have influenced the recorded pollutant levels and therefore any
changes seen cannot be attributed to the introduction of the congestion charges alone.

FUTURE WORK

In the current report, in order to include as many pollution monitoring sites as possible,
their location category such Roadside, Urban and so on, was not considered. To truly see if
ULEZ has an impact on pollution and to link this if this changes in traffic, future work could
consider the specific location of the pollution monitoring site, and the statistics should be
recalculated to see if there was any change. To capture smaller effects, future work can also
perform a time-series regression, examining how various variables (such as monitoring site,
day of the week, etc) predict pollution outcome, without aggregating over multiple data
points.

Additionally, the downstream impact of the introduction of ULEZ/T-charge is that
individuals and families living inside and around the zone need to purchase a car less than
10 years old. This may be an unexpected and unlooked for expense for low-income families
and so it would be interesting to expand the analysis here to consider tertiary data sets such
as household income and car sales to see how this correlates with traffic and pollution data.

CONCLUSION

Our analyses correspond with the results published by the Mayor of London regarding
finding significant decreases in NO2 levels associated with the introduction of the ULEZ.

Despite the decrease in some pollutants, levels of NO2 and PM2.5 in London are still vastly
above the WHO recommendations. Further work is needed to continue the reduction of air
pollutants, to improve the safety and health of London residents.

In this report we have highlighted the health effects of air pollution and hope to bring an
increased awareness of the typical pollution exposure in London. Although there has been
positive change in the last decades, air pollution continues to be an urgent problem and the
air quality standards imposed by many countries remain relatively lax [22]. We compared
the Air Quality Index (AQI) standards in the UK and USA [23,24] (Figure 20) and found that
the upper limit of the UK “low” standard for PM was above the limit set by the WHO and in
the case of PM2.5, was more than double. For NO2, the WHO annual limit of 200 ug/m3
should not be exceeded more than 18 times per year. The UK classifies any mean hourly
concentration below this limit as “low” but does not take into account the number of yearly
occurrences. For comparison, the mean annual limit of 10 ug/m3 is also plotted in Figure 20.

22



Additionally, there is much variation in the standards set by different countries, e.g. an AQI
for PM10 in the UK of “very high” is classified as “unhealthy for sensitive groups” in the
USA. For these reasons, the AQI given by weather forecasts should be interpreted with a
degree of caution.

Figure 20. Comparison of the UK and USA air quality index standards from [23,24].
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