
Introduction: Air Pollution Past and
Present
Between 5th and 8th December 1952 an unusually long
spell of cold, calm weather sitting over London trapped
smoke emitted from thousands of domestic and industrial
chimneys at ground level. Day time visibility was reduced
to a few metres and effects on health were profound. This
was the worst of the ‘killer smogs’ to affect London and
resulted in an estimated 4,000 deaths (Logan, 1953). 

These smog episodes made plain the direct link
between emissions produced by combustion processes and
the loss of human life as well as morbidity from
respiratory and cardiovascular causes, i.e., they provided a
clear identification of a threat to human health. Faced by
such palpable and catastrophic consequences of
uncontrolled combustion of fossil fuels in urban areas, the
UK Government consequently passed the Clean Air Act of
1956, the first in a series of legislative tools designed to
improve air quality to an acceptable standard.

Following the Clean Air Act of 1956, urban
concentrations of black smoke and sulphur dioxide fell
rapidly. By the late 1970s, epidemiological studies
suggested that controls in coal use and emissions had been
successful and the health problems associated by the smogs
of the 1950s were largely considered to be resolved
(Williams, 2004). 

The improvement in air quality had been driven by a
shift in domestic fuel use from coal to cleaner gas and
electricity and the reduction in or relocation of heavy
industry and power generation from urban centres.
However, during the 1980s and 1990s a new source of
urban air pollution came to the fore, namely vehicle
emissions. A rapid increase in car ownership and use had
created a new problem, and major smog episodes returned
to London and other urban centres across the UK and the
world. 

Unlike the black sooty smogs of the 1950s, vehicle
emissions produce largely invisible pollution. As such,
widespread public awareness and concern has only recently
increased to a point where politicians are taking serious
attention. The situation was summed up in the House of
Commons Environmental Audit Committee report on Air
Quality published in 2010 (House of Commons, 2010).
The committee MPs concluded that:

“Poor air quality probably causes more mortality and
morbidity than passive smoking, road traffic
accidents or obesity. Yet it receives little or no
attention in the media and scant attention in
Parliament.”

The report also highlighted the fact that the health impacts
of poor air quality are currently estimated as a reduction in
the life expectancy of everyone in the UK by an average of
seven to eight months and premature deaths of up to
29,000 people a year (COMEAP, 2006).

Some progress has been made in improving urban air
quality over the past 20 years. Most notably, through
improvement in fuel quality, leading to dramatic reductions
in atmospheric lead and sulphur dioxide concentrations.
The introduction of catalytic converters to vehicle exhausts
also reduced urban carbon monoxide concentrations to
levels well within WHO (World Health Organization)
health guidelines. However, an increasing market share of
diesel passenger vehicles and ineffective EU vehicle
manufacturer emissions limits have caused a stagnation in
concentrations of nitrogen dioxide and particulate matter
(denoted as PM10 or PM2.5 dependent on particle size)
within London since the turn of the century (Carslaw et al.,
2011). While diesel vehicles emit less carbon dioxide per
mile than petrol vehicles, they typically emit more
particulate matter and nitrogen dioxide, creating a potential
conflict with climate change initiatives.
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In recent years, public concerns over urban air
pollution have heightened, driving a greater demand for
detailed but accessible information about what we breathe
as we live, work and travel. More widespread availability
of broadband Internet connections as well as rapidly
expanding computer processing power has enabled this
demand to be met via interactive geographical
representation of pollution concentrations across an urban
area. This paper presents a number of examples of mapping
techniques developed by the Environmental Research
Group at King’s College London to fulfil the needs of both
the public and the research community.

How do we Assess Air Quality?
Assessing pollution concentrations across a city such as
London is a major challenge. There are hundreds of
thousands of mobile (vehicle) and stationary (industrial or
domestic) sources of pollution within the city. Once the
gases and particles are emitted from their source they react
and disperse within the atmosphere. Overlaid onto these
‘local’ emissions, pollutants can travel hundreds of miles
from sources within the UK and beyond. Indeed, many of
the worst pollution episodes occur in London when locally
emitted pollution combines with that transported from
northern Europe and Russia by easterly winds (Fuller and
Meston, 2008).

The London Air Quality Network (LAQN, see http://
www.londonair.org.uk) is a network of accurate air
samplers funded by local and national government and co-
ordinated by King’s College London. These analysers take
continuous pollution measurements at over 100 sites
across the city, ranging from suburban to kerbside

locations, and disseminated to the public via the Londonair
website. Pollution concentrations are reported using the
national Air Pollution Index (API), a scale of 1 to 10, with
1 representing ‘low’ and 10 representing ‘very high’
pollution levels. The index values are health-based, i.e.,
thresholds have been set according to current research into
the likely impact on health of the general population and
susceptible individuals. 

An example of the hourly bulletin posted on the
Londonair web page during a pollution episode in
September is shown in Figure 1, with each dot
representing a monitoring site reporting a number between
1 and 10. While these bulletins are placed onto a Google
Map, the values reported are only representative of the
specific location of the monitoring site. This problem is
demonstrated in Figure 1 where low index values (green
dots) appear alongside far higher index values (orange or
red). This is because one site may be adjacent to a busy
roadway, while the neighbouring site may be in an urban
park away from any traffic. Therefore, while monitoring
sites can provide extremely accurate pollution assessments,
they have very poor spatial resolution and some degree of
interpolation or modelling is required to create pollution
maps. 

A number of different methods have been used to map
pollution concentrations over an urban area including
surface contour interpolation, land use regression,
dispersion modeling and chemical modeling (San José et
al., 2008). The method used at King’s combines detailed
emissions data with an advanced dispersion model (Kelly et
al., 2010). Model outputs are validated using
measurements from LAQN monitoring sites.
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Figure 1 An hourly LAQN air quality bulletin showing air pollution index values at each monitoring location
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The accuracy and spatial resolution of such models is
largely dependent on the quality of input data, i.e., how
accurately do the emissions data reflect real-world
emissions. In a large urban area such as London an accurate
model requires detailed information on vehicle number,
age, class, fuel type, and speed on each road link in the
city, combined with similar information for stationary
emissions sources. Once an accurate model has been
created, input data can be artificially adjusted to test
intervention scenarios such as ‘how will pollution levels
change if we introduce a Low Emission Zone across
London?’ or ‘how is air quality in London likely to change
over the next ten years?’.

Figure 2 shows an output from King’s College
London’s Air Pollution Toolkit. The Toolkit produces
geospatial outputs with a resolution of 20 m x 20 m over
the whole of London, or 5 m x 5 m over certain specific
‘hotspot’ areas. These outputs form the basis of all other
mapped outputs described in the following examples.

Mapping Pollution for Public Information
Air pollution is a complex subject that can be difficult to
explain to the public in an engaging and interpretable
form. The accessible use of Google Earth and similar
mapping technologies has opened up many possibilities
for utilizing pollution mapping for public information. By
overlaying a simplified colour contour GIS shapefile onto
a Google Earth map the public can immediately see how
pollution levels relate to where they live or travel. It also

becomes obvious that concentrations are highest close to
busy congested streets, clearly illustrating the connection
between their own behaviour (i.e., driving) and the
environment.

In 2006, before the widespread use of embedded
Internet mapping, King’s College London collaborated
with the Centre for Advanced Spatial Analysis at
University College London to produce a web-based Flash
3D model showing air pollution across 63 km2 of central
London (http://www.londonair.org.uk/london/asp/virtual
maps.asp). The 3D cityscape was produced by combining
an OS Mastermap shapefile with a LIDAR – (LIght
Detection and Ranging – active remote sensing
technology) derived height grid to extrude buildings. This
was then exported to 3ds Max and merged with 20 m x 20
m pollution grids produced by the Air Pollution Toolkit for
current and predicted future years (Figure 3). 

The goal of this pilot project was to provide
members of the public and urban planners with a graphical
representation of pollution concentrations in a format to
which they could immediately relate. The three-
dimensional component allowed users to recognize roads
and buildings, as well as their relationship with pollution
concentrations. A sliding scale control enabled the user to
determine how pollution concentrations were predicted to
change in future years and which areas would continue to
fail to meet the relevant quality targets.

An increased use of mobile technology has driven a
demand for real time geospatial environmental data,
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Figure 2 Output from the Air Pollution Toolkit showing modelled annual mean NO
X

concentrations at a 

20 m grid resolution
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including air quality. While the 3D map was highly
accessible, it was limited to representation of annual
pollution concentrations. This led to the development of an
hourly updated pollution map called a ‘Nowcast’. The
Nowcast takes the annual model outputs, scales them
according to current pollution concentrations as recorded by
the 100+ monitoring sites across the city, and outputs
them as a Google Maps layer on the Londonair website.
This is a significant step forward in the dissemination of
environmental information as it allows members of the
public to view pollution concentrations on a street-by-
street basis as they travel or prepare to travel
(http://www.londonair.org.uk/london/asp/Nowcast.asp). 

Figure 4 shows the Nowcast produced for central
London during a widespread pollution episode in April
2011, similar to that shown in the monitoring results
bulletin in Figure 1. During this pollution episode, major
routes are clearly picked out in red, indicating ‘high’
pollution levels according to the Government’s API (Air
Pollution Index) system. The remainder of central London
is orange (‘moderate’ pollution levels), while ‘low’ air
pollution levels, shown in green, are limited to more
suburban areas away from the central zone.

This map allows people concerned about their health
to make informed choices about where and when they
travel, particularly during pollution episodes. To further
facilitate its use, the Nowcast is also available as an
iPhone and Android smartphone app allowing the public to
check pollution levels on the road they are currently
travelling along (http://www.londonair.org.uk/LondonAir/
apps.aspx).

Combining Pollution and Health Mapping
While it is now well established that urban air pollution
can have serious detrimental impacts on our health (House
of Commons, 2010), the precise mechanisms of harm are
still not fully understood. In the past, epidemiological
studies typically used a single measurement site
representing pollution concentrations across an urban area,
to relate health outcomes and environmental quality
(Dockery et al., 1993). However, as demonstrated in the
preceding figures, pollution concentrations vary greatly
across a city, creating wide margins of uncertainty in study
outcomes. 

King’s College London is currently collaborating
with a number of other universities in London to combine
high resolution pollution maps with spatial social and
health databases. The primary aim of these studies is
provide robust evidence relating specific pollution sources
and types with health impacts (http://www.erg.kcl.ac.uk/
ResearchProjects/Traffic/). 

The computerization of NHS health records means
that anonymous spatial (postcode centre point) health data
can now be overlaid onto pollution maps. This allows
epidemiologists to investigate whether those people living
in areas with relatively high pollution levels suffer a
greater incidence of respiratory or cardiovascular events
than those in less polluted areas. Figure 5 shows modelled
changes in NOX concentrations resulting from the
introduction of the London Low Emission Zone (LEZ)
with the location of GP (General Practitioner) surgeries in
Greater London. In theory, residents within the higher

6 SoC BULLETIN Vol 45

Figure 3 A screenshot of the 3D Air Pollution Map, which combines the Toolkit model output with a 

3D London cityscape to aid visualization of how pollution varies within the city streets
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impact areas should experience a greater health
improvement than those in lower impact areas.

While epidemiology relies on large sample sizes to
differentiate between pollution impacts and confounding
factors, controlled toxicological research allows a direct
evaluation of the influence of pollutants on response
without the complication of confounders. Toxicological
studies, where health metrics and in vivo samples are taken
from volunteers, can also provide mechanistic support to
epidemiological evidence, thereby strengthening arguments
for a specific air pollutant asbeing responsible for a
response of interest.

The EXHALE study is investigating the impact of
the introduction of the London LEZ on the health of
children in ten East London primary schools
(http://www.erg.kcl.ac.uk/ResearchProjects/Exhale/). The
schools were selected as they lie within areas predicted to
experience the greatest improvement in air quality as a
result of the first two phases of the LEZ. A range of health
metrics and samples are being taken from volunteer
children each year for four years. Their walks to school are
mapped using GPS receivers and estimates of their
exposure to air pollution are made using the Nowcast map

for the relevant time period. Results are currently being
analysed in the hope that the impact of the LEZ on the
health of school children can be estimated.

Environmental Policy Development and
Evaluation
The UK is subject to EU Directive 2008/50/EC on
ambient air quality, the purpose of which is to achieve
levels of air quality that do not give rise to unacceptable
impacts on, and risks to, human health and the
environment. This directive sets out a series of air quality
standards that all member states must achieve within a
specified timetable, however, it does not specify how these
standards should be achieved.

Air pollution mapping has a number of uses within
this policy framework. The first is during the evaluation
stage, when local authorities are identifying those areas
where the standards may not be achieved currently or in
future years. Maps such as that shown in Figure 2 are
extensively used to identify such areas where local action
to improve air quality may be required. Second, the effects
of proposed or existing policies or actions can also be
modelled and visualized. A large scale example is the
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Figure 4 A Nowcast pollution map of London during a pollution episode in April 2011 clearly showing which areas are

experiencing the highest pollution levels in near real time 
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evaluation of the impacts of the London LEZ, however,
similar processes are increasingly being used on a much
smaller scale. For example, such model outputs can now
be used as part of the planning process to establish whether
permission should be granted for new housing or
commercial developments within areas with unacceptable
air quality.

The third use is in educating policy makers. Clear
visual tools for illustrating the extent and nature of the
problem and its impact on the health of the population
they are protecting can help policy makers make complex
and often difficult decisions.  

Future Directions
While pollution mapping has advanced rapidly in recent
years, there is still a great deal of development potential.
Increased computing power means that complex chemical
models can be used to produce more detailed maps of a
wider range of potentially harmful pollutants. Building
stock models for London have the potential to allow indoor

and outdoor air quality maps to be produced. This
development is important to health research as many of us
spend most of our time indoors rather than out.

Wider use of smartphones, with in-built GPS
tracking, may allow the formation of ‘personal exposure
maps’ showing the user of the phone, and health
researchers, how much pollution they have been exposed to
over the course of their journey. Concentrations could
either be inferred from modelled maps, or directly measured
by in-built pollution sensors within the phone.

It is also likely that these mapping tools will be
combined with other social and environmental data for
smartphone and website applications. A good example
already available is the ‘urban walking route planner’ –
Walkit.com (http://www.walkit.com). The user enters their
walking route from A to B in London and this app
calculates a route that avoids the most polluted routes,
using a King’s toolkit output similar to that shown in
Figure 2. The increased availability and popularity of these
tools will not only help raise the profile of urban air
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Figure 5 A map relating the predicted impacts of the London Low Emission Zone on air quality with the location of GP

surgeries across London
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quality, but also has the potential to improve our
understanding of the social and health implications of air
pollution.

Conclusions
Urban air pollution mapping is a rapidly developing field,
driven by increased public concern, computing power and
high quality research. By showing the public what air
quality is like where they live, work and travel in ways that
are easily interpretable we are giving them an opportunity
to make informed choices. Questions such as ‘my child has
asthma, where should I move to?’, ‘should I go jogging
this morning?’ and ‘which route should I take to cycle to
work?’ can be answered by looking at maps available on
the internet. Heightened awareness and understanding also
leads to behavioural change such as increased use of
sustainable transport methods. All of these add weight to
demands for improved air quality, making difficult political
decisions more attractive to policy makers such as the
Mayor of London.

These maps also highlight priority areas, allowing
policy makers to make informed decisions when planning
new developments or improvement schemes. Furthermore,
they provide an evaluation tool for estimating the impact
of policies such as the LEZ, increased used of electric
vehicles and cycle schemes.

Air quality is a complex subject however and research
is ongoing to improve the accuracy and scope of pollution
and health mapping in London. This research should
provide invaluable evidence to ensure that improvements in
air quality and health are achieved in an efficient and
effective way.
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http://www.patrickoleary.co.uk/Maps-Updated/
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