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How periods of lockdown have enabled new  
environmental insights from road traffic and vehicle 
emission remote sensing data.



The COVID-19 lockdowns of the last 15 
months inspired compelling photography 
from around the world. Few images were 
more powerful than those showing the 
impact of reduced air pollution due to 
restrictions on human and business activity. 

In India, people living in the northern state 
of Punjab were able to see the snow-capped 
Himalayas, 200 kilometres away, for the first 
time in 30 years.  

From Manila to Madrid, ‘before and after’ 
photos depicted cities in sharp relief rather 

than enveloped in their usual yellow haze.  
A number of internationally respected 

authorities, including the European 
Environment Agency (EEA) and North 
American Space Agency, have documented 
the dramatic improvement in key air quality 
pollutants such as NO2 and Particulate Matter 
(PM) during the pandemic, most notably in 
some of the world’s hotspots. 

For cities across Europe, the EEA’s air 
quality and COVID-19 tracker demonstrated 
that concentrations of NO2, a pollutant 

commonly associated with road transport 
[see ‘Take a deep breath’, p13], fell 
significantly where lockdown measures were 
implemented in the spring of 2020.  During 
the lockdown restrictions in April that year, 
concentrations of NO2 were estimated to 
decline by 61 per cent in Spain, 51 per cent in 
France and 45 per cent in the UK.    

Concentrations of PM10 were also shown 
to have declined across Europe in this 
period; however, the observed decreases 
were less pronounced due to the complex 

Urban pollution

AIR
SOMETHING 
IN THE 

Last year’s lockdowns offered a unique opportunity to examine the contributions 
made by different vehicle types to urban pollution. David Carslaw, Ricardo’s 
Air Quality Knowledge Leader, explains how insights gained from novel road 
traffic and vehicle emission remote sensing data could help bring about future 
environmental and health improvements.
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nature of sources of PM.  
A report1 in The Lancet noted that 

lockdown interventions led to substantial 
reductions in PM2.5 concentrations in China 
and Europe with tens of thousands of 
premature deaths from air pollution avoided; 
and that considerable improvements in 
air quality are achievable in both China and 
Europe when stringent emission control 
policies are adopted.  

 However, there are already signs that 
pollution levels are returning to levels closer 

to those observed prior to the pandemic. 
Concentrations of pollutants such as NO2 
in towns and cities are likely to continue 
to rise as restrictions are lifted and 
congestion increases. This situation may be 
exacerbated by concerns over the potential 
risks of infection associated with crowded 
public transport, in preference to ‘safer’ 
private vehicles.  

Alternatively, pollution levels may 
stabilise or even decline if society embraces 
flexible working arrangements and more 

sustainable forms of transport, notably 
cycling and walking.  Governments, 
authorities and agencies are responding 
proactively to the anticipated ‘new normal’ 
and seeking to embed cleaner, safer 
transport behaviours for the long-term. 

Overleaf, David Carslaw discusses how 
periods of lockdown over the last 15 months 
have provided a unique opportunity to 
understand in greater detail the contributions 
made by different vehicle types to urban NOx 
and NO2 emissions and concentrations. 
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A major contributor to global decreases 
in air pollution during periods of lockdown 
was the greatly reduced level of road traffic. 
Data from 416 cities tracked by location 
technology company TomTom showed that, 
in 2020, 387 saw an average 21 per cent 
reduction in traffic compared to 2019. Of the 
10 cities with most days of below-normal 
traffic congestion, nine were in the US, with 
Minneapolis and Nashville leading the way. 

A frustration with the analysis of air quality 
data, however, is the lack of representative 
vehicle activity data. Traffic measurement 
devices may differentiate between, say, a 
short vehicle and a long vehicle but rarely 
more than that. This makes it harder to 
analyse air pollution data in terms of the 
influence of traffic.  

Combining detailed traffic vehicle 
information with real world emissions data 
offers the potential to make more contextual 
sense of the pollution data we observe. It 
can provide greater insight into the site-
specific sources of pollution and support the 
identification and implementation of effective 
mitigation measures. 

If you can attribute certain levels of air 
pollution to particular vehicle types, then you 
have a much stronger grasp of the levers to 
pull in order to change things. With pollution 

from road vehicles, you’ve got tens of 
millions of individual sources moving around 
in space and time. This is an inherently 
difficult problem: we’re not looking at, for 
example, a single, static power station with 
a known level of emissions. Trying to capture 
this complexity is challenging. 

During 2020, Vivacity Labs Limited 
supported the UK Department for 
Transport’s national monitoring initiative 
to assess the impact of COVID-19. A novel 
camera-based sensor developed by Vivacity 
gathers greater detail about different road 
users compared to conventional sensors 
based on electro-magnetic interference 
or radar signals. The Vivacity sensor can 
differentiate between a car and a van (LGV), 
a bicycle and a motorbike, and a bus and a 
heavy goods vehicle (HGV).  

A diverse range of Automatic Number 
Plate Recognition (ANPR) and mobility 
camera systems are currently used at 
locations across the UK road network for a 
wide range of purposes, including low-
emission zone enforcement.  Such systems 
offer the potential to provide detailed 
information on vehicle fleet composition 
which, when combined with Ricardo’s real-
world emission data, offers unprecedented 
insight into local air quality and how it can be 
managed most effectively.  

The backdrop of a year’s recurring 
lockdowns and reduced traffic levels gave 
a unique opportunity to assess the true 
impact of certain vehicle types on these 
ambient concentrations. This is explored in 
an article2 I wrote with Peter Mildon, Chief 
Operating Officer at Vivacity.

A question of attribution 
 Data from 440 sites, including 10 city 
centres, captured more than 800 million 

traffic movements over a 13-month period. 
We were able to couple this detailed traffic 
information with around 600,000 real-world 
emission remote sensing measurements 
from our database at Ricardo, across all 
vehicle types, to obtain comprehensive 
information on the contribution to urban NOx 
emissions made by different vehicle types 
(see ‘Made to measure’). In terms of remote 
sensing measurements, this is the largest 
data set available in the UK and probably one 
of the largest in the world. 

Most of the information around the 
impact of COVID-19 on air quality has been 
to do with how air pollution measurements 
have detected changes in the concentration 
of different pollutants such as NO2. What 
previously was harder to interpret was any 
underlying change in emissions. What was 
driving these changes? This brings attribution 
into the discussion – how much of the change 
is due to changes in passenger car numbers, 
or the number of bus users, and so on? 

We found that before any lockdown, 
passenger cars contributed almost 60 
per cent of total NOx emissions and buses 
17 per cent. During lockdown periods the 
contributions due to different vehicles 
changed. The passenger car portion fell to 
53 per cent while LGVs and HGVs together 
contributed just under one-third of total NOx. 

Most of the change we saw was in the 
passenger car fleet rather than vans and 
lorries, which obviously has consequences 
for the changes in emissions. A reduction of 
x per cent in vehicle numbers, for example, 
doesn’t necessarily correspond to the same 
reduction in emissions because a car emits 
differently to a bus or another vehicle. This 
kind of attribution is providing important 
information on the full chain of changes in 
emission levels. And that’s an important new 

MADE TO MEASURE
Ricardo has the longest-established specialist air quality team in the world 
and, with over 130 experts, one of the largest.  

The company has worked with all levels of government, organisations 
and businesses for more than 60 years to understand, manage and deliver 
progressive improvements in air quality. 

Ricardo supports the UK Government’s Department for Environment, Food 
and Rural Affairs to deliver quality assurance and quality control services to 
the UK’s largest air quality monitoring network, the Automatic Urban and Rural 
Network (AURN). 

This important UK-wide air pollution monitoring work helps the UK 
Government fulfil its statutory European reporting requirements, as well as 
supporting air quality research and policy development. The data produced by 
the network underpins policy made at both local and national levels. 

AURN has been delivering data since the early 1970s and comprises 149 
monitoring stations across the UK producing 5.5 million measurements every 
year. As data volumes increase, Ricardo continues to lead the way in Europe in 
establishing common quality assurance procedures for efficient and open reporting. 

Measuring real-world driving emissions 
In 2017, the company launched its remote sensing vehicle emission 
measurement service and database. This system accurately measures 
real-world driving emissions from thousands of vehicles, under actual driving 
conditions, quickly and without interference to the vehicle being measured. The 
database now holds around 600,000 measurements from across the UK. 

Ricardo also has a team of more than 30 air quality modelling specialists 
whose work includes designing, managing and operating the UK’s Air Quality 
Forecasting system for more than a decade. 

Among its solutions is RapidAir®, a ground-breaking air quality dispersion 
modelling software that gives the ability to visualise air quality at high resolution 
and quickly test the impact of development or mitigation scenarios.  

RapidAir® enables city-scale air quality levels, including complex domains 
such as mega-cities, to be calculated and updated in minutes. The software has 
been used extensively around the world, including in Beijing, Jinan and London.  

Find out more about Ricardo’s air quality services at: ee.ricardo.com/air-quality 

Ricardo has sought 
to understand, 
manage and 
deliver progressive 
improvements in air 
quality for more  
than 60 years
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component of air quality management. 
The topline figures hide a huge amount of 

detail. For example, the emissions represent 
in-use vehicle fleets measured in a wide 
range of UK urban areas and take into 
account fuel type, vehicle age, technology 
and mileage split. They represent emissions 
under real driving conditions and the effects 
of factors such as ambient temperature and 
any deterioration effects.  

The data also provide a consistent 
measurement of emissions from a large 
range of vehicle types. Indeed, the emissions 
data is ideal for this purpose and in future 
ought to represent the most robust way 
of quantifying the contribution made by 
vehicles to NOx emissions.  

In addition, reduced NOx emissions during 
the first UK lockdown and continued reduced 
emissions in late 2020 and into 2021 are 
evident. The vehicle measurement data 
strongly suggests that even in late February 
2021 vehicle flows remained well below 
typical values, which translates to lower 
overall NOx emissions. 

With the combined insight from vehicle 
emissions measurements and detailed 
traffic information, we estimate that, in the 
UK, road vehicles contribute to 77 per cent 
of urban NOx concentrations and about 66 
per cent to NO2 concentrations. There is a 
difference, however, between roadside and 
urban background locations, with roadside 
locations seeing a 78 per cent contribution 
of NOx concentrations from road vehicles 
and urban background sites seeing a 55 per 
cent contribution.  

Moving from data to policy 
What these results show is the continuing 
significance of road vehicles in terms of their 
contribution to NOx and NO2 concentrations 

– and the need to further reduce emissions, 
even after decades of increasingly stringent 
emissions control.  After all, road vehicles 
are still going to be dominant in most urban 
areas for some time to come. 

From a policy perspective, source 
apportionment is important for the 
development of measures such as low-
emission zones and clean air zones. Policy 
makers need to know the effect of a particular 
action: for example, if you were considering 
converting all buses to electric, you would 
need to understand the contribution buses 
made in the first place in order to understand 
the impact. 

The data we now have presents a national 
picture for typical urban areas. The next 
step is to analyse at a local level in order to 
understand the spatial variation between 
different urban areas and the contribution 
to pollution made by traffic. London, for 
example, will behave quite differently to a 
city like Leeds, due to the different traffic mix 
and the contribution of other sources of air 

pollution. It may be that in some locations 
the traffic component is lower or higher than 
is indicated in the analysis so far: establishing 
that quantitative apportionment is key to 
developing effective measures to control air 
pollution. 

As for the global impact of the pandemic 
lockdowns on air pollution, it’s clear that most of 
the beneficial changes have been due to greatly 
reduced levels of road traffic. It is, of course, a 
deeply unfortunate set of conditions that gave 
us the opportunity to live through the kind of 
change that previously could only have been 
simulated. However, we now have a chance 
to unpick some of the responses in terms of 
changing activities and emissions and see how 
they impact a whole range of air quality issues 
going beyond just urban pollution. This level of 
analysis will benefit every one of us.  

1‘Short-term and long-term health impacts of air pollution reductions from 
COVID-19 lockdowns in China and Europe: a modelling study’: thelancet.com/
journals/lanplh/article/PIIS2542-5196(20)30224-2/fulltext  
2‘Urban air pollution insights through linking detailed road traffic and emissions 
data’: https://ee.ricardo.com/news/new-insights-into-urban-air-pollution-
through-novel-road-traffic-and-vehicle-emission-remote-sensing 

TAKE A DEEP BREATH
Air pollution – the causes and effects

Fine Particulate Matter (PM10 and PM2.5) 
is tiny solid particles and liquid droplets 
suspended in air, comprising nitrates, 
sulphates, organic chemicals, metals, soil or 
dust particles and allergens. Particle pollution 
mainly comes from motor vehicles, wood 
burning heaters and industry. PM10 particles 
(diameter of 10 micrometres or less) are 
small enough to pass through the throat 
and nose and enter the lungs. PM2.5 particles 
(diameter of 2.5 micrometres or less) are so 
small they can get deep into the lungs and 
bloodstream. Long-term exposure can affect 
lung function and worsen medical conditions 
such as asthma and heart disease.

Nitrogen dioxide (NO2) is one of a group 
of gases called nitrogen oxides (NOx). It is 
formed by emissions primarily from motor 
vehicles and industry. High concentrations 
can be found near busy roads. Outdoors, NO2 
contributes to the formation of ground-level 
ozone (O3) as well as particulate matter 
pollution. It can cause breathing problems, 
headaches, chronically reduced lung function 
and eye irritation. Levels of NO2 significantly 
reduced during lockdowns.

Ozone (O3) in the upper atmosphere protects us 
by filtering out damaging ultraviolet radiation 
from the sun but at ground level is the product of 
the interaction between sunlight and emissions 
from motor vehicles and industry. It is the main 
component of smog. The decrease in NO2 during 
lockdowns brought a concomitant increase in 
average daily O3 levels. The complex changes in 
emissions profiles during lockdowns is evidence 
of how a mass reduction in one pollutant can 
cause an increase in another, making it difficult 
simply to refer to air quality improvements.

Source 
apportionment is 
important for the
development of 
policy measures  
such as low-emission 
zones and clean air 
zones

David Carslaw is Ricardo’s Air Quality Knowledge Leader. He has a PhD 
and MSc in Atmospheric Science and a BSc in Physics, together with more 
than 20 years’ experience in air pollution science. He previously worked 
at the Environmental Research Group at King’s College London and the 
Institute for Transport Studies at the University of Leeds. David leads the 
open source ‘openair’ project that has developed and made available many 
innovative data analysis techniques. He has been a member of AQEG (Air 
Quality Expert Group) since 2002. 
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