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A Statistical Assessment of the Bath CAZ Scheme Options

1. Why I was asked to write this report

Mr Tester represents a group of councillors and members from the local Conservative party and they
asked for my professional opinion on the following paragraph in bold that appears at the start of page
2 of the B&NES CAZ Summary document on the BathBreathe2021 website.
“Our preferred option to achieve these improvements is a Class D Clean Air Zone (CAZ). This would mean
charging drivers of all higher emission vehicles – including cars – to drive in the city centre from late 2020.
Lower emission vehicles would not pay the charge.

We also looked at other options, including not charging higher emission cars, but extensive
analysis has shown that none of these options would enable us to meet the required reduction of
NO2 in the time allowed.”
The accompanying documents to this summary makes clear that the other options rejected were Class
B & C CAZ schemes. On reading these documents, Mr Tester and his colleagues came to the conclusion
that there was no discernible difference between schemes C & D. Given that scheme does not call for
charging of high-emission cars but scheme D does call for charging of such cars, they believe that B&NES
may end up making a decision that will have a widespread financial impact on local citizens but with
almost no benefit in terms of further reductions in NOx emissions.
I have been asked to review the available documents to see if Mr Pattie and his colleagues reading of
the results is correct. They have made it clear to me that they do not dispute the air quality modelling
approach taken and I have not been asked to comment on this. Their concern is how the results have
been interpreted and whether B&NES is justified in its assertion above that other options such as a
Class C CAZ would not be able to meet the government’s targets.
I am an independent professional statistician accredited by the Royal Statistical Society and the
American Statistical Association. I graduated from the University of Bath in 1991 and my career since
then (see my LinkedIn profile) has given me considerable experience in solving statistical problems in
many industries and functions around the world and especially when working with non-statisticians.
Since 2006, I have provided statistical consultancy and training services to 140 clients in 25 different
industries in 10 countries around the world.
I have no experience in air quality modelling but the methodology used makes use of many statistical
methods that I do have experience of. I have consulted with many clients with forecasting & risk
modelling problems which includes problems of public risk and safety and I run training on the statistical
approaches that can be used in these fields. My experience includes working with food safety scientists,
measurement quality issues in laboratories and with instruments, and advising an industry body on
how to interpret survey results in contaminated land. In writing this report, I will draw on this
experience and provide my professional opinion on whether the data supports B&NES statement.
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I recall around the beginning of November, I received a flyer in my mail from Bath & North East
Somerset (B&NES) council which asked for my views on a proposed Clean Air Zone (CAZ) for the city of
Bath. This would involve charging vehicles for the right to drive through the centre of Bath in order to
discourage polluting vehicles that contribute to unacceptable levels of Nitrogen Oxide and Dioxide
(NOx) in the air we breathe and thus bring these levels down to below government targets. Since I do
not drive and do not own a car, I did not pay much attention to this until I was contacted last month by
Mr Nick Tester.
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2. Documents reviewed during the writing of this report

There are 24 documents in total listed on that URL and it would have been prohibitive in cost for me to
read them all, especially since many are not relevant to the question I was asked to comment on. After
discussions with Mr Tester, I confined myself to reading the following six documents listed below. I
have prefaced each with a shorthand in square brackets which is what I will use to refer to these
documents throughout this report.
i.
ii.
iii.
iv.
v.

vi.

[Summary] - A Summary of the proposed Bath Clean Air Zone which is intended to be read by
the general public and puts the case for
[OBC] - The Outline Business Case which covers the main points of what has been done and
what is proposed to be done.
[AQ2 Model] - AQ2 Local Plan Air Quality Modelling Methodology Report which describes how
the contractor Jacobs modelled NOX emissions today and in 2021.
[AQ3 Result] - AQ3 Air Quality Modelling Report which summarises the key results using the
model described in AQ2 and contains the key data to support my conclusions.
[Sensitivities] - A Sensitivity Report which lists a number of assumptions made in the modelling
and how the results for the 2021 projections would differ if those assumptions turn out to be
incorrect.
[Assurance] - An Analytical Assurance Statement which certifies what work has been
undertaken to arrive at the 2021 projections and the conclusions made.

My comments in section 3 and conclusions in section 4 are based solely on what I have read in these
six documents. It is entirely possible that some of the points I have made are contradicted by
information provided in the unread documents. If this is the case, I would be grateful if this could be
pointed out to me and I will amend this report accordingly.
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I was referred to BathBreathe page on the B&NES website for all published material. The URL is
www.bathnes.gov.uk/bath-breathes-2021-overview and a further link to the Outline Business Case
gives you a full list of documents in the public domain http://www.bathnes.gov.uk/bath-breathes2021-overview/outline-business-case-full.
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3. My assessment of the Class C & D CAZ options

i.
ii.
iii.
iv.

Class B £100 charge for Buses, Coaches, Taxis and HGVs
Class C as for class B plus charges for Vans & LGVs
Class D as for class C plus £7.50 charge for high-emission cars
Class D as for class C plus £9 charge for high-emission cars

What I hoping to find was a single table which listed these 4 schemes along with summary statistics to
indicate its effectiveness in reducing NOx emissions. This I could not find. The government’s target is
that no area should have an annual average concentration of NOx greater than 40 micrograms per cubic
metre of air. When safety limits are defined like this, I would have liked to have seen the following
statistics for each of the 4 options.
I.
II.

The number or percentage of areas where annual average NOx emissions are expected to be
higher than the targets.
The probability that there will be areas with annual average NOx emissions above target.

The first statistic is relatively straightforward to compute from the results available in the documents.
The second statistic requires more computation but it is a way of bundling in all the associated
uncertainties and sensitivities in the air quality model used as listed in [Sensitivities]. For example, an
area might be expected to have a NOx level of 35 i.e. below target, but given all the uncertainties in this
estimate, there might still be a 40% chance of the target level of 40 being exceeded. If this was repeated
for all areas, one can then calculate the average probability across all areas and report that figure.
Figure 1 – Where air quality data was collected in 2017. From [OBC} section 2.4.2.3
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After reading the six documents listed in the previous section, I was unable to find a simple and easy to
digest summary that provided a comparison of the various options. [OBC] states that 4 options were
considered as listed below:-
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My reading of the documents is that the Class B option was discarded relatively quickly as was Class D
with £7.50 charge. The main alternative that was considered was the Class C option which did not
involve charging high emission cars.

Figure 2 – Modelled NOx levels in 2017. From [AQ3] section 4.2.1

Green circles represent areas estimated to have NOx levels below 40, red areas represent areas
estimated in 2017 to have NOx levels above 40. By eye, it would appear that 25% of Bath exceeds
government NOx targets today. In fact there are 94 red areas shown in figure 2.
If B&NES took no action at all to reduce NOx levels, then one can expect an improvement to occur in
any case due to people replacing their vehicles with lower NOx emissions. Before deciding whether a
CAZ was needed, an estimate was made of what the situation would look like in 2021 assuming current
trends in vehicle replacement. This requires an estimate of what the traffic mix will be in 2021 based
on existing traffic mixes and which traffic segments produce the most NOx. In 2017, 1/3 of today’s NOx
emissions are estimated to come from private cars, the majority of which are diesel cars. This varies
from area to area though with just over 10% from cars in Dorchester Street and up to 50% of NOx
emissions on the Wells Road.
When existing trends in vehicle replacement are extrapolated to 2021, we get figure 3 which is the
same format as figure 2 but this time there are only 35 red areas which is a reduction of 2/3 in the
number of areas with NOx emissions above target.
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The analysis proceeded as follows. First air quality data was collected from 44 sampling stations as
shown in figure 1 on the previous page. These sample results were then compared with an existing air
quality extrapolation model and the model was recalibrated to match the conditions observed on the
ground in Bath. The model was then used to extrapolate the sample results to hundreds of locations
along the roads highlighted in blue in figures 1 and are shown by the green and red circles in figure 2.
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Figure 3 – Projected NOx levels in 2021 without a CAZ. From [AQ3] section 4.2.1

Figure 4 – Expected effects of CAZ by 2021. From [ODC] section 3.2.2

Note the effect on Cars only applies to a Class D CAZ. For Class C CAZ, the effect on cars will come from
existing vehicle replacement trends and will be different from that in figure 4. Both Class C & D CAZ are
expected to see the behavioural effects shown for all other vehicle types.
When these effects are factored in, we end up with figure 5 (shown overleaf) which is the expected
outcome for a Class C CAZ. Only 2 red areas can be seen in Cleveland Place and Gay St. These red areas
disappear in the Class D CAZ i.e. all areas are green. I strongly suspect it is the absence of red areas in
these maps that prompted B&NES to conclude that Class D (£9) was the only option that could meet
government guidelines.
How certain can B&NES be that figure 5 would be all green under a Class D CAZ? It should be obvious
from the fact that the circles are interpolations between 44 sampling points, that the effect of a CAZ
depends on an assumption about how people’s behaviour will change and that this is 4 years on from
2017, that there must be a reasonable degree of uncertainty in these estimates. Table 5.1 in section 5
of [Sensitivities] lists 24 potential sources of error in their projections and concludes that a worst case
scenario in many of them would lead to the targets being exceeded in some areas. This table explicitly
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The next step is to update this map with the expected effects under Class C & D (£9) schemes. This
requires estimates of how peoples’ behaviour will change. This is summarised in figure 4.
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states that the worst case scenario for 4 sources of error could result in between 7 & 16 areas turning
red in figure 5. This clearly indicates that whilst a Class D CAZ is expected to deliver below target NOx
levels in all areas, there is a clear risk that it won’t do so.

With that in mind, can we conclude that there is a meaningful difference between the Class C & D CAZ
options? After all, figure 5 shows that only two out of many hundred areas are expected to be red for
a Class C CAZ and the uncertainties with D means that there is no guarantee that Class D will be all
green. However, in Appendix A of [AQ3], the 94 red areas from figure 2 are listed along with their
estimated NOx levels in 2017, projected NOx levels in 2021 without a CAZ and projected NOx levels in
2021 under a Class C and Class D CAZs. I have gone through these numbers and I can make the following
observations.
i.
ii.
iii.
iv.
v.

Of the 94 red areas in figure 2, 35 are expected to be greater than 40 in 2021 without a CAZ.
Of these 35 red areas, a Class C CAZ is expected to see reductions of between 9 & 26 points in
NOx levels with an average reduction of 15.5 points.
The only 2 areas still red under a Class C CAZ both have projected NOx levels of 41 i.e. just above
the target level of 40.
Of these 35 red areas under a Class D CAZ, reductions of between 10 & 26 points in NOx levels
are expected with an average reduction of 16.1 points.
The 2 areas expected to be red under Class C CAZ now have projected NOx levels of 40 under a
Class D CAZ instead of 41.

With these figures in mind, I cannot see how B&NES can conclude that a Class D CAZ is the only option
to meet government NOx targets. Whilst there is a slight but persistent difference between the
expected outcomes of Class D versus Class C, the difference cannot be described as meaningful
especially when the uncertainties described in [Sensitivities] are taken into account. The data in [AQ3]
clearly shows that a Class C CAZ has almost as good a chance as a Class D CAZ in meeting government
NOx targets.
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Figure 5 – Projected NOx levels in 2017 with Class C CAZ. From [AQ3] section 5.1.2
Both Red areas are projected to be green with Class D CAZ.
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4. My conclusions
I was asked to provide a comment as a professional statistician on the following statement that appears
in [Summary] and is repeated in tone and spirit in other documents.

After reviewing six documents on the BathBreathe2021 page on the B&NES website, my conclusions
are:A. As far I can tell, there is no single and easily disgestible summary that compares the impacts of
proposed schemes B, C & D on meeting government targets on annual NOx emissions in Bath in
2021.
B. Most of the data and charts needed to make such a comparison are available but they are scattered
throughout the various documents which makes it laborious for a member of the public to
undertake such a comparison.
C. When I pull together the relevant data and charts, I cannot see any meaningful difference in
projected outcomes between schemes C & D.
D. On average, scheme D is expected to be slightly better than scheme C (a reduction on average of
16.1 points in NOx levels in the worst affected areas compared to a reduction 15.5 points for a Class
C CAZ) but this slight difference cannot be meaningful when the sensitivities to the 24 potential
sources of error in the model are taken into account.
E. My preferred summary would have been a table listing each scheme along with the probability that
the government’s NOx targets will still be exceeded in at least one location by 2021 under that
scheme. My professional experience of safety and risk modelling in other fields is that it would be
unrealistic to expect any CAZ scheme to have zero probability of exceeding NOx targets but a
probability of 5% or less would be acceptable.
F. Purely based on an eyeballing of the data provided in the six documents for scheme D, I would
make an educated guess that the probability of exceeding NOx targets in at least one location is
around 25% and the equivalent probability for scheme C is only slightly higher than this.
G. I was not asked to assess the air quality models and assumptions themselves, only their results, but
I confess to being puzzled that there should be so little difference between the results given for CAZ
schemes C & D and I would have liked to have seen a clear explanation as to why this was the case.
I could not find any such explanation in the six documents I reviewed.
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“We also looked at other options, including not charging higher emission cars, but extensive analysis has
shown that none of these options would enable us to meet the required reduction of NO2 in the time allowed.”
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5. Declarations of interest
For the purposes of transparency, I would like to make the reader aware of the following points.

Professional
I am accredited by the Royal Statistical Society as a Chartered Statistician (CStat). This certifies that
I have the appropriate qualifications and experience to be a professional statistician, that I am
committed to continuous professional development, that I am revalidated annually and most
importantly, I have committed myself to abide by the Royal Statistical Society’s code of conduct.
You can read the code by clicking on the link which includes details of the disciplinary process for
CStat’s who fail to uphold its requirements.
v.
My CStat accreditation is recognised by the American Statistical Association of which I am a
member and as a result, I am also certified as a Professional Statistician (PStat) by the ASA.
vi.
I am accredited by the Science Council as a Chartered Scientist (CSci). This has very similar
requirements to the CStat certification described above and more details can be found here.
vii.
I am a member of a panel of statisticians who support the Before the Headlines program of the
Science Media Centre. We are volunteers who give up our time to provide statistical comments on
press releases and news articles about scientific studies which make use of statistics before these
articles are published in the press. These comments are intended to help journalists write better
articles that explore the strengths and weaknesses of published scientific studies. There are a lot
of similarities between the work I have done for that project and the work I have undertaken in this
report but all work undertaken in this report is my own and my association with the Science Media
Centre should not be read in any way whatsoever as an endorsement of my opinions in this report.
viii.
I comment on political issues via my blog and twitter feed in order to clarify the statistical issues
that may be involved. I do not seek to take political positions that fall outside of my area of
professional expertise on those two feeds.
iv.

Commercial
ix.
My company, Marriott Statistical Consulting Ltd, is 100% owned by myself and my wife and has
been in business since 2006 providing statistical consultancy and training services.
x.
My brand is “independence” and by that I mean I am not beholden to any particular client or
industry. This is backed up by the fact that my top 10 clients over the last three years have come
from 10 different industries which were; Litigation, Cancer Research, NHS, Recruitment, Retail,
FMCG, Commodities, Market Research, Professional Organisations, Land Management.
xi.
For writing this report, I have invoiced the Bath branch of the Conservative party for six hours of
my time at my standard hourly rate for providing professional statistical advice.
In addition to all the points I have made above, I can confirm that I have no commercial or professional
interest in the eventual decision to be made by B&NES on the proposed Clean Air Zone. I can also
confirm that in producing this report, I have incurred no conflicts of interest.
Signed by
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Personal
i.
In 2006, I became a permanent resident of Bath, a registered voter in the Bath constituency and
council tax payer in the B&NES area.
ii.
I do not have a driving licence. Neither my wife and I own or drive a car in the city.
iii.
I am not a member of any political party or a politically active organisation.

(Nigel Marriott) on 2nd December 2018.
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