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 4 

 5 

Abstract 6 

 7 
Low traffic neighbourhoods (LTNs) are area-wide schemes that remove through motor traffic from 8 
residential streets. These schemes are controversial, and one focus for this controversy has been 9 
the potential for traffic diversion to increase air pollution on surrounding ‘boundary roads’. In this 10 
study we estimate the air pollution changes and associated health impacts attributed to the 11 
implementation of five LTNs in London, UK. We did so by implementing a full-chain model 12 
covering changes in traffic-related emissions, air pollution, small-area level exposures, and health 13 
impacts across select outcomes. Model inputs included observed before-and-after changes in 14 
traffic volumes, traffic speeds and congestion. Inside LTNs, we found an average change of -15 
0.157 µg/m³ for NO2 (equivalent to -0.87% in relative terms), and -0.0276 µg/m³ for PM2.5 (-0.33% 16 
in relative terms). In areas containing boundary roads, we found a mixture of positive and negative 17 
changes, with net effects near zero. Contrary to concerns, there was no evidence that air quality 18 
deteriorated on LTN boundary roads on average. There was no evidence that the average 19 
improvement in air quality varied by area-level ethnic diversity or deprivation, but there was 20 
evidence that areas with the highest baseline pollution saw the smallest benefits. Overall, across 21 
LTNs and their surrounding areas, we estimated that the air quality improvements due to the LTNs 22 
translated into a -0.01% relative change in the number of deaths per year (-0.05% inside LTNs), 23 
and a -0.02% to -0.04% change in new cases of childhood asthma (-0.08% to -0.19% inside 24 
LTNs). We conclude that LTNs typically improve air quality in London but, at the current modest 25 
scale of implementation, their effect is small. 26 
 27 
 28 
Keywords: air pollution; low traffic neighbourhood; transport policy; motor vehicle restrictions; 29 
mortality; asthma 30 
 31 
 32 
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Highlights 34 

 35 
• We estimated the impacts of 5 low traffic neighbourhoods (LTNs) in London, UK 36 

 37 
• Inside LTNs, pollution fell by 0.87% in relative terms for NO2 and by 0.33% for PM2.5 38 

 39 
• Boundary roads saw mixed changes, but – contrary to concerns – no pollution increase 40 

on average.  41 
 42 

• We estimate that the number of deaths fell 0.01% area-wide, or 0.05% inside LTNs. 43 
 44 

• We conclude that LTNs improve local air quality but, at the current modest scale of 45 
implementation, the effect is small. 46 

 47 
 48 
 49 

INTRODUCTION 50 

 51 
Air pollution is a major threat to human health. It caused 8.1 million deaths in 2021, which 52 
makes it the second most important risk factor for death globally after high blood pressure 53 
(Health Effects Institute, 2024). In the UK, air pollution remains the most significant 54 
environmental threat to health, with the equivalent of 30,000 UK deaths in 2025 being attributed 55 
to toxic air exposure (Royal College of Physicians, 2025). Road transport is a major contributor 56 
to the harmful pollutants that directly affect human health, accounting for 49% of nitrogen oxides 57 
(NOx), 26% of PM2.5, and 20% of PM10 emissions in the UK in 2023 (Department for Transport, 58 
2025). 59 
 60 
Low traffic neighbourhoods (LTNs) are area-wide traffic reduction schemes that restrict motor 61 
vehicle movements in residential streets. They do this by using bollards, planters, or cameras 62 
(‘modal filters’) to prevent motor traffic from cutting through residential streets, while retaining 63 
motor vehicle access to all homes. Surrounding the LTN areas are ‘boundary roads’, which do 64 
not receive traffic restrictions. Boundary roads are typically main roads, and may experience 65 
traffic displacement if traffic that used to travel through the LTN now uses the boundary roads 66 
instead.  67 
 68 
LTNs aim to achieve modal shift away from cars, by making driving less convenient (a ‘stick’) 69 
and making walking and cycling safer and more pleasant (a ‘carrot’). LTNs are similar to 70 
schemes such as superblocks in Barcelona (Nieuwenhuijsen et al., 2024), and more than 100 71 
have now been rolled out in London (Furlong et al., 2025b). Evidence as to the health impacts 72 
of LTNs includes clear evidence of a benefit in terms of reductions in road traffic injuries 73 
(Furlong et al., 2025b, Furlong et al., 2025c); mixed evidence in terms of impacts on active 74 
travel (Aldred et al., 2024, Aldred and Goodman, 2021, Xiao et al., 2023); and evidence of a 75 
benefit in terms of reductions in noise (Leach et al., 2024). In the present study, we complement 76 
this work by extending the evidence base on how LTNs may affect health via changes in air 77 
pollution. In doing so, we also complement a wider body of literature that studies how urban 78 
transportation policies affect air pollution (Khreis et al., 2023, Jafari et al., 2021), across policies 79 
ranging from car-free spaces, days and events (Glazener et al., 2022) to urban design 80 
interventions that seek to achieve mode shift towards active modes (Glazener and Khreis, 81 
2019). A systematic review of peer-reviewed articles published between 2000 and 2020 82 

Jo
urn

al 
Pre-

pro
of



3 

 

identified 376 unique articles covering 58 unique policy interventions targeted at reducing traffic-83 
related emissions and air pollution in urban areas (Khreis et al., 2023). This review found that 84 
behavioural and land-use policies (like LTNs) were the least studied broad category of 85 
interventions. It further found that a mere 3% of included studies addressed all elements of the 86 
full-chain—traffic emissions, traffic-related air pollution, exposures, and human health. Our 87 
study therefore adds to a very limited evidence base that examines the ‘full chain’ from changes 88 
in traffic through to health outcomes in relation to an intervention with behavioural and land-use 89 
elements. 90 
 91 
In common with other schemes to restrict traffic, LTNs have been controversial (Cooke et al., 92 
2021, Gössling et al., 2024), and the potential for increased traffic and pollution on ‘boundary 93 
roads’ has been one particular focus for this controversy (Verlinghieri et al., 2025). For example, 94 
analyses of an LTN in Birmingham found that while there were positive views about the scheme 95 
overall, there were increased tensions in the community between people living inside LTNs and 96 
those living on the boundaries (Whelan et al., 2024, Pritchett et al., 2024). Concern over the 97 
potential for increased traffic on boundary roads is also sometimes combined with claims that 98 
LTNs will disadvantage ethnic minorities, poorer residents, or residents living on roads that are 99 
already more polluted (Pritchett et al., 2024, Larrington-Spencer and Sherriff, 2025, Belcher et 100 
al., 2022). 101 
 102 
The local air pollution impacts of an LTN depend on the relative frequency of two types of 103 
change in driving behaviour: 104 
 105 

1) Traffic evaporation: some trips stop being made by motor vehicle. This change is 106 
expected to reduce air pollution both inside the LTN and on boundary roads. Traffic 107 
evaporation is expected to decrease total pollution emissions and subsequent 108 
concentrations. 109 

2) Traffic displacement: some trips continue to be made by motor vehicle but shift the 110 
driving route from ‘through the LTN’ to ‘on boundary roads’. This change is expected to 111 
reduce air pollution inside the LTN but increase overall emissions on boundary roads 112 
(although the increase may not be distributed evenly across boundary roads). Traffic 113 
displacement is most likely to increase total emissions because the alternative routes 114 
are often more circuitous. This increase in emissions will be exacerbated if the boundary 115 
roads also become more congested, as congested ‘stop-start’ traffic emits more 116 
pollution. 117 

 118 
From a theoretical perspective, it is therefore not clear whether LTNs will typically increase or 119 
decrease pollution on boundary roads, nor whether they typically increase or decrease total 120 
pollution. Empirical evidence on these points is therefore required. 121 
 122 
The existing empirical evidence base is, however, currently limited to a few studies. We are 123 
aware of only a single peer-reviewed study that empirically measures the air quality impacts of 124 
LTN schemes using a controlled, longitudinal design. This study used direct measurements of 125 
air quality and found that, relative to control areas, average pollution concentrations fell inside 126 
three London LTNs and in their surrounding areas (Yang et al., 2022). Besides this, several 127 
London local authorities have commissioned studies that model the air quality impacts of 128 
individual LTNs, based on measured before-and-after changes in traffic volumes. These latter 129 
studies typically report beneficial effects inside LTNs and a mixture of beneficial, negligible and 130 
adverse effects across different boundary roads (CERC, 2021, CERC, 2022, AECOM, 2022). 131 
Outside of London, one local authority monitoring report finds pollution decreases inside three 132 
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LTNs in Oxford and a mixture of beneficial, negligible and adverse effects on boundary roads 133 
(Oxford City Council, 2023); and one evaluation from Barcelona reports decreases in NO2 134 
and/or black carbon inside two new superblocks, alongside no overall changes in these 135 
pollutants in the immediately surrounding area (Pérez et al., 2025). In addition to these empirical 136 
evaluations, some international papers have modelled the potential impacts of superblock 137 
schemes based on estimates of how traffic volumes or tree cover might change (Mueller et al., 138 
2020, Rodriguez-Rey et al., 2022, Li and Wilson, 2023).  139 
 140 
The existing evidence base thus comprises relatively few studies, many of which cover just a 141 
single LTN scheme. In addition, existing modelling studies only model pollution impacts as a 142 
function of changes in traffic volumes, without additionally considering changes in congestion. A 143 
further limitation of existing studies is that they do not consider the distribution of impacts in 144 
relation to characteristics such as ethnicity, socio-economic status and baseline air pollution 145 
levels. The present study addresses these research gaps by modelling the air pollution impacts 146 
of five LTNs spread across Greater London, using high-resolution pre- and post- traffic and 147 
speed/congestion data as inputs. We then model the spatial distribution of these impacts and 148 
how these changes in air pollution affect mortality, years of life lost, and childhood asthma 149 
incidence. 150 
 151 

METHODS 152 

 153 

LTNs included in the study 154 

 155 
Drawing on extensive empirical data, we carried out air quality modelling to estimate the health 156 
impact of air pollution changes due to the introduction of five LTNs in London. The five schemes 157 
we studied are described in Table 1 and shown in Figure 1. 158 
 159 
We modelled air pollution impacts both inside the LTNs and across their surrounding areas. We 160 
defined the modelled area covered in terms of Output Areas (OAs), which are administrative 161 
census areas covering around 330 people each. Specifically, we modelled impacts across all 162 
OAs that were within 200m of any road that experienced a traffic volume change in our 163 
scenarios, or that were within a 1-km2 grid in which minor road emissions changed. These OAs 164 
covered all areas within 250m of the five LTNs and extended up to a maximum of 2km from 165 
LTNs. 166 
  167 
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 168 
  169 
Figure 1. LTNs included in this study, and their surrounding boundary roads  170 
 171 

 172 
A = Stoke Newington, B = Camden Square, C = St Ann's, D = Brixton Hill, E = Streatham Wells.173 
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 174 
Table 1: Details of the LTNs included in our study 175 
 176 

Scheme name and 
local authority 

Date 
implemented 

LTN 
area  

Local authority monitoring data on traffic volumes Google API data on speed 
and congestion 

Extent of modelled 
area$ 

(map reference 
letter) 

 in km2 Number of 
count points$ 

Date of 
‘before’ 
data† 

Date of Year 
1 data† 

Date of 
Year 2 
data 

Number of 
boundary 
road 
segments 

Dates of 
data 
collection‡ 

 

Stoke Newington 
Church Street, 
Hackney (A) 

20/09/2021 0.27 8 internal 
2 boundary 
16 other 

Nov 2020, 
July 2021, 
Sept 2021 

Nov 2021, 
May 2022, 
Sept 2022 

 10 (versus 
10 control) 

12/06/2021 
to 
16/09/2023 

14 internal OAs 
22 boundary road OAs 
208 other OAs 

Camden Square, 
Camden (B) 

16/12/2021 0.08 5 internal 
11 boundary 
6 other 

June 2018, 
Mar 2019, 
June 2021 

June 2022  9 (versus 10 
control) 

12/06/2021 
to 
12/12/2023 

3 internal OAs 
30 boundary road OAs 
47 other OAs 

St Ann’s, Haringey 
(C) 

22/08/2022 0.47 35 internal 
11 boundary 
15 other 

Nov 2021 Jan 2023 Nov 2023 13 (versus 7 
control) 

22/08/2021 
to 
20/08/2024 

25 internal OAs 
25 boundary road OAs 
172 other OAs 

Brixton Hill, 
Lambeth (D) 

04/09/2023 0.61 28 internal 
17 boundary 
7 other 

Nov 2021, 
June 2023 

Feb 2024  16 (versus 
14 control) 

04/09/2022 
to 
21/12/2024 

35 internal OAs 
39 boundary road OAs 
147 other OAs 

Streatham Wells, 
Lambeth (E) 

23/10/2023  
(suspended 
07/03/2024) 

1.09 16 internal 
14 boundary 
8 other 

Nov/Dec 
2021, 
Oct 2022 

Feb 2024  14 (versus 
15 control) 

23/10/2022 
to 
05/03/2024 

35 internal OAs 
27 boundary road OAs 
100 other OAs 

LTN = low traffic neighbourhood; OA = output area 177 
$ ‘Other’ count points/OAs are neither inside the LTNs (‘internal’) nor on the boundary roads (‘boundary’) but instead are in the wider surrounding area. Our model 178 
uses as an input the impact of traffic volume changes on these ‘other’ roads, and estimates as an output the air pollution changes in these ‘other’ OAs. 179 
†Where more than one date is given, this reflects different count points having different dates of data collection. 180 
‡Data collection started on 12/06/2021 or 12 months prior to LTN implementation (whichever was later). Data collection finished 2 years after the LTN was implemented, 181 
or when the LTN was suspended, or on 21/12/2024 (whichever was earlier). 182 
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Overview of modelling approach 
 
We implemented a full-chain model (Khreis et al., 2018) outlined in Figure 2 and described briefly 
below, with full details in Supplementary Material 1. This model 1) used extensive empirical data 
to estimate traffic volumes, speeds and vehicle types as of 2023, in and around the five LTNs (red 
boxes in Figure 2); 2) converted these into estimated traffic-related air pollutant emissions (orange 
boxes); 3) combined these emissions with other data sources to model air pollutant dispersion 
and concentrations (green boxes); and 4) converted air pollution concentrations into select 
attributable health impacts (blue boxes). We implemented scenarios with and without LTNs, in 
which we varied the first element of this model (traffic volumes, speeds and vehicle types) while 
leaving all other elements unchanged and compared the impacts of the LTNs on pollutant 
concentrations and the select health outcomes. 
 
This represents an instance of the full-chain modelling approach that has been recommended 
when studying the impacts of urban transport policies (Khreis et al., 2023). Our implementation 
of step 1) involved bespoke data manipulation and the novel use of traffic speed data. Our 
implementation of steps 2), 3) and 4) largely drew on standard approaches derived from peer-
reviewed literature, albeit with customisation to the London setting.  
 
Before implementing the model shown in Figure 2, we conducted a validation exercise in which 
we set up a similar model that utilised traffic and air pollution emission data to model air pollution 
concentrations in 2019 (i.e. equivalent to the first three stages of the full-chain model: details in 
Supplementary Material 1). We compared the resulting modelled air pollution concentrations to 
pollution measurements taken in 2019 from two available continuous monitors (measuring PM10 

and NO2) and 83 diffusion tubes (measuring NO2) within 1km of the LTNs. Across the five LTNs, 
50% of modelled concentrations were within 10% of measured values for PM10 (N=1/2) and 51% 
for NO2 (N=43/85). 100% of modelled concentrations were within 25% for PM10 (N=2/2) and 93% 
for NO2 (N=79/85, with five of the remaining six sites located ≥500m away from the LTNs and 
their boundary roads). In addition, metrics for bias, correlation and error indicated good statistical 
performance, and the average modelled pollution concentrations were within 6% of the average 
measured concentrations for both pollutants. In line with DEFRA guidance (DEFRA, 2025), we 
considered these results to indicate acceptable accuracy in our model and an adequate baseline 
set-up. 
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 1 
Figure 2. Schematic overview of our full-chain model estimating traffic, emissions, air 2 
pollution and attributable health impacts in scenarios with and without LTNs 3 

 4 
Abbreviations: ADMS = Atmospheric Dispersion Modelling System; DfT = Department for Transport; LAEI = London 5 
Atmospheric Emissions Inventory; LTNs = low traffic neighbourhoods. This full-chain model 1) used empirical data to 6 
estimate traffic volumes, speeds and vehicle types as of 2023 (red boxes); 2) converted these into estimated traffic-7 
related air pollutant emissions (orange boxes); 3) combined these emissions with other data sources to model air 8 
pollutant dispersion and concentrations (green boxes); and 4) converted air pollution concentrations into select 9 
attributable health impacts (blue boxes).10 
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Part 1: Estimating traffic, with and without LTNs 11 

 12 
Background traffic volumes  13 
 14 
The London Atmospheric Emissions Inventory (LAEI) estimates traffic flows and speeds by 15 
vehicle type for all major roads in London, and models minor road traffic on a 1km2 16 
background grid (GLA and TfL Air Quality, 2021). We took the 2019 LAEI data as our 17 
starting point, as this is the latest year that pre-dated both the Covid-19 pandemic and the 18 
implementation of our five LTNs. The LAEI provided traffic volumes for seven vehicle types: 19 
motorbikes, cars, taxis, light goods vehicles, buses/coaches, rigid heavy goods vehicles 20 
(HGVs) and articulated HGVs. We then used Department for Transport traffic count data 21 
(Department for Transport, 2024) from 2019 and 2023 to a) cross-check the 2019 total traffic 22 
volumes on major roads near our LTNs, and b) to project the 2019 traffic volumes forward to 23 
2023. We used these LAEI data to capture traffic volumes and speeds on all roads for which 24 
scenario traffic data were not collected.  25 
 26 
Scenario traffic data 27 
 28 
To model how traffic volumes changed in scenarios with and without LTNs, we used before-29 
and-after monitoring data published by the four local authorities that implemented our five 30 
LTNs (see Table 1 for numbers of count points and dates of data collection). These traffic 31 
count data were collected through a mixture of video manual counts, Vivacity AI sensor data, 32 
and Automatic Traffic Counters. In Appendix B of Supplementary Material 1, we assess the 33 
extent to which traffic impacts on boundary roads may have been underestimated due to the 34 
potential for Automatic Traffic Counters to undercount congested traffic. We conclude that it 35 
is implausible that this issue introduced any substantial bias. 36 
 37 
All traffic counts were ‘normalised’ to 2023, to adjust the observed values to what one would 38 
have expected in 2023 given general background trends in traffic in London. The 39 
normalisation factors combined an annual measure of year-on-year change (Department for 40 
Transport, 2024), with a monthly adjustment factor (ONS, 2025).  41 
 42 
Traffic in the ‘without an LTN’ scenario was modelled using the normalised ‘before’ traffic 43 
counts where available. Otherwise, we used the 2023 modelled traffic flows from LAEI. 44 
There was good agreement between these data sources for the N=83 roads that had both 45 
data types (correlation coefficient 0.91, and mean values within 2% in absolute terms).  46 
 47 
Traffic in the ‘with an LTN’ scenarios was modelled using the normalised ‘after’ traffic counts 48 
where available. On average, normalised traffic volumes fell by 66% across count points 49 
inside our five new LTNs; increased by +0.7% across count points on the LTN boundary 50 
roads; and fell by 13% across these two sets of count points combined. For internal and 51 
boundary roads where traffic count data was not available but where that road was modelled 52 
explicitly in LAEI, we took the modelled traffic flows from LAEI and applied the average 53 
change observed for that road type (internal versus boundary) for the LTN in question (see 54 
Supplementary Material 1 for details). For internal roads that lacked traffic count data and 55 
that were captured by LAEI in the 1km2 minor roads grid (rather than being modelled 56 
explicitly), we adjusted the entire 1km2 grid by that LTN’s internal-road traffic volume change 57 
factor, as scaled by the proportion of the area of that 1km2 grid covered by the LTN. Note 58 
that this approach accurately captures area-wide changes in traffic but misallocates some of 59 
that change to areas outside the LTN rather than inside the LTN. Finally, we assumed there 60 
was no change in traffic volumes on roads that had no monitoring data and that were neither 61 
internal to the LTN nor boundary roads. This is expected to be a conservative assumption if 62 
there is traffic evaporation. 63 
 64 
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Changes in traffic flows were assumed to apply pro rata to all seven vehicle types except 65 
buses and coaches. Bus and coach traffic flows were assumed to remain unchanged 66 
between the ‘without an LTN’ and ‘with an LTN’ scenarios because none of our five LTNs 67 
involved a change in bus routes or bus frequency. 68 
 69 
Scenario speed data 70 
 71 
Previous efforts to model the air pollution impacts of LTNs have only varied traffic volumes 72 
(AECOM, 2022, CERC, 2021, CERC, 2022), and assumed no change in traffic speeds and 73 
congestion. However, previous research has found evidence that average traffic speeds fall, 74 
and congestion increases, on boundary roads in the first year post-LTN implementation 75 
(Furlong et al., in preparation).1 This matters because motor vehicles emit more air pollution 76 
at slower average speeds with regular start-stop driving, with the Emissions Factors Toolkit 77 
v12.0 indicating that this particularly applies at speeds below around 8km/h (DEFRA, 2023).  78 
 79 
We therefore modelled speed, and congestion impacts on boundary roads as follows. First, 80 
the LTN boundary roads were divided into segments around 200m to 500m in length. The 81 
same was done for boundary road segments around matched control areas (see Table 1 for 82 
numbers of segments). Google API was then used to route car journeys along these boundary 83 
road segments ‘in live traffic conditions’. This was done 30 times per week (24 times on a 84 
Tuesday and 6 times on a Saturday) at intervals designed to capture a range of peak and off-85 
peak times, for every week from June 2021 to December 2024 (see Furlong et al., 2025a and 86 
Appendix C for details). 87 
 88 
From these data we estimated a) mean speed and b) the proportion of congested journeys, 89 
defining congestion as a mean speed of <8km/h. Separate averages were taken for each 90 
boundary road segment, in each direction of travel; for each year or partial year of follow-up 91 
(Baseline, Year 1 or Year 2); and for different times of the day.  92 
 93 
For our scenarios, we normalised all speed and proportion of congested journey results to 94 
the observed ‘Year 1’ values. Specifically: 95 

• For the ‘Without LTNs’ scenarios, we took the Baseline observed values and scaled 96 
these by the average difference in the control group between Baseline and Year 1.  97 

• For the ‘With LTNs, Year 1’ scenarios, we used the observed Year 1 mean speed 98 
and proportion of journeys congested.  99 

• For the ‘With LTNs, Year 2’ scenarios, we took the Year 2 observed values and 100 
scaled these down by the average difference in the control group between Year 2 101 
and Year 1.  102 

 103 
The speed and congestion estimates were then applied to the corresponding roads and 104 
were assumed to apply to all seven vehicle types modelled. For roads where Google speed 105 
data was not collected, traffic speed and congestion were assumed to remain unchanged in 106 
the ‘with LTNs’ scenarios. For these roads, average speed data was taken from the LAEI, 107 
where available. For internal roads with no LAEI data, an average speed of 15km/h was 108 
used, in line with the average traffic speed in Inner London.  109 
  110 

                                                 

1 Note that this paper also found that these unfavourable changes reduced substantially or 
disappeared by Year 2, in the four LTNs that were retained long enough to collect Year 2 data. 
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Modelled scenarios 111 
 112 
Table 2 captures the five scenarios we modelled, using different traffic and speed data 113 
measured at different time points. The Baseline scenario captures our estimate of pollution 114 
concentrations in the absence of the LTN schemes, and we compared all other scenarios to 115 
this. The remaining four scenarios capture estimates of pollution concentrations in the 116 
presence of LTNs, with the Latest Data scenario being our primary scenario of interest. This 117 
Latest Data scenario uses the most recent data available for each LTN, which corresponds 118 
to the Year 1 scenario for Streatham Wells, the Year 2a scenario for Stoke Newington, 119 
Camden Square and Brixton Hill, and the Year 2b scenario for St Ann’s. 120 
 121 
In running our scenarios, each LTN was considered independently. This meant that, for 122 
example, the estimated impacts of the Streatham Wells LTN were not affected by the 123 
implementation of Brixton Hill LTN nearby.  124 
 125 
Table 2: Overview of the scenarios we modelled 126 

Scenario 
name 

What it captures When was traffic data 
collected? 

When was speed data 
collected? 

No. LTNs 
covered 

Baseline 
scenario 

Pollution without LTNs Before the LTN was 
implemented 

Before the LTN was 
implemented 

5 

Year 1 
scenario 

Pollution in the first year of LTN 
implementation 

Year 1 of LTN 
implementation 

Year 1 of LTN 
implementation 

5 

Year 2a 
scenario 

Pollution in the second year of LTN 
implementation, using Year 1 traffic 
data as a proxy for Year 2 

Year 1 of LTN 
implementation 

Year 2 of LTN 
implementation 

4 [not 
Streatham 
Wells] 

Year 2b 
scenario 

Pollution in the second year of LTN 
implementation 

Year 2 of LTN 
implementation 

Year 2 of LTN 
implementation 

1 [St Ann’s 
only] 

Latest Data 
scenario 

Pollution with LTNs, using the latest 
data available 

Latest available: Year 1 
for N=4 LTNs, Year 2 for 
N=1 LTN (St Ann’s). 

Latest available: Year 1 
for N=1 LTN (Streatham 
Wells), Year 2 for N=4 
LTNs. 

5 

 127 

Part 2: Modelling traffic emissions 128 

 129 
The Emissions Factors Toolkit (Version 12.0, December 2023) was used to estimate the 130 
NOx, primary NO2, PM10 and PM2.5 emissions resulting from a given set of inputs on traffic 131 
volumes and traffic speeds. This process involved applying average speed-dependent 132 
emission factors, as taken from the COPERT emission calculator Version 5.6 (September 133 
2022; https://copert.emisia.com/). Different emission factors were used for each of the 134 
seven vehicle types modelled, with further subdivisions according to Emissions Factors 135 
Toolkit fleet projections for fuel type (petrol versus diesel), Euro emission standard category 136 
and engine size. To account for discrepancies between the COPERT emission factors and 137 
real-world emissions, we adjusted the COPERT emission factors based on published remote 138 
sensing data (Mehlig et al., 2023). 139 
 140 
We initially estimated traffic emissions at the hourly level by applying a time-varying 141 
emissions profile to the estimated daily average traffic flows. For LTN boundary roads, the 142 
time-varying emissions profile was estimated using road-specific hourly speed and 143 
congestion Google API data (see previous section). For all other roads, we applied a default 144 
time-varying profile of traffic emissions, as derived using data from London by Beevers et al. 145 
(2009). The estimated hourly emissions were then used to create diurnal profiles and 146 
average daily emission rates for each modelled road. 147 
 148 
 149 

  150 
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Part 3: Modelling air pollution concentrations 151 

 152 
We used the Atmospheric Dispersion Modelling System (ADMS)-Urban model (Version 153 
5.0.1.3; http://www.cerc.co.uk/environmental-software/ADMS-Urban-model.html). This model 154 
is widely used for air quality management and policy assessment by local, metropolitan and 155 
national governments in the UK and worldwide. Model inter-comparison evaluations have 156 
shown that the model performs well in predicting pollution concentrations (Heist et al., 2013, 157 
Carslaw et al., 2013). As illustrated in Figure 2, ADMS-Urban takes as inputs traffic 158 
emissions data alongside non-road emissions, land use characteristics, meteorological data, 159 
and background concentrations. It uses these as the basis for modelling of how air pollution 160 
is generated and dispersed in ambient air and spatially. It produces output in the form of 161 
hourly air pollution concentrations with high spatial resolution determined by the user. The 162 
following were our key inputs.  163 
 164 
Non-road emissions: All large industrial sources within 10km of the LTNs were modelled 165 
explicitly as point sources. Emissions for all other non-road sources, including industrial 166 
sources more than 10km from the LTNs, were estimated for 2023 by interpolating between 167 
the 2019 and the 2025 values in LAEI. The LAEI includes spatially distributed emissions for 168 
26 non-road groups, including commercial and domestic emissions, industrial emissions, rail, 169 
shipping, and construction. These other non-road emissions were modelled as aggregated 170 
1km2 resolution grid sources covering the whole of London. We derived hourly and monthly 171 
profiles for these grid source emissions from European Monitoring and Evaluation 172 
Programme (EMEP) emissions data (Denier van der Gon et al., 2011). 173 
 174 
 175 
Parameters used in ADMS-Urban to represent the effect of land use on dispersion 176 

• Surface roughness length: This affects wind speed and turbulence, which in turn 177 
affects air pollution dispersion. We used a value of 1m; a typical value for a built-up 178 
area. 179 

• Monin-Obukhov length: This captures the stability of the atmosphere. In cities, urban 180 
heat island effects mean that the Monin-Obukhov length will never fall below some 181 
minimum value in stable conditions. In line with previous work in London (CERC, 182 
2024), our model used a minimum value of 75m. 183 

• Urban canopy flow: The flow field that drives dispersion of pollutants within an urban 184 
area is not homogeneous: buildings displace the upwind wind speed profile above 185 
the building canopy and reduce in-canopy wind speeds. The ADMS-Urban spatially 186 
varying urban canopy flow option captures this on a neighbourhood-by-187 
neighbourhood basis. In our model we used derived inputs for London (Jackson et 188 
al., 2016). 189 

• Street canyons: The presence of buildings can create street canyon effects that 190 
result in pollutants being trapped. We captured this using the ADMS Advanced 191 
Canyon option, taking building footprint data from OpenStreetMap and elevation data 192 
from the Environment Agency National LIDAR programme. 193 

 194 
Meteorological data: We used hourly sequential meteorological data measured at 195 
Heathrow Airport across 2023.  196 
 197 
Background data: The modelling used the ADMS-Urban NOx photolytic chemistry module, 198 
which uses the Generic Reaction Set of equations to account for fast, near-road oxidation of 199 
NO by O3 to form NO2, and which uses simple sulphate chemistry to account for the 200 
conversion of SO2 to PM2.5 and PM10. The chemistry schemes are calculated on an hourly 201 
basis and require background pollution concentrations, in addition to source emissions.  202 
 203 
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We explicitly modelled direct emissions of NOx, NO2, PM10 and PM2.5 from all sources in 204 
Greater London. We also estimated the background concentrations of NOx, NO2, ozone, 205 
PM10 and PM2.5 in air carried into London from outside the area. These estimates of 206 
background concentrations came from air pollution monitors in four rural locations outside of 207 
London, with hourly data taken from whichever site best matched the wind direction for that 208 
hour. In order to discount hours affected by local sources of particulate matter at these rural 209 
sites, these data were supplemented with measurements of PM10 and PM2.5 from London 210 
suburban and background sites (see Supplementary Material 1). 211 
 212 
Output points, contour maps and OA-level averages: Within each LTN’s output domain, 213 
concentrations were calculated on a regular grid of output points with a resolution of 20m, 214 
with additional sets of points added along the major roads where the concentration gradient 215 
is steepest (see Supplementary Material 1 for details). We used this model output to 216 
generate 2m resolution contour maps using the natural neighbour interpolation method. 217 
Average pollution concentrations were calculated at the OA level for each scenario as a 218 
simple average of all 2m by 2m concentration cells in each OA. 219 
 220 

Part 4: Modelling health impacts 221 

 222 
Impacts on mortality and years of life lost (YLLs) were modelled via a joint function of both 223 
NO2 and PM2.5, using concentration response functions of 1.024 for a 10 µg/m³ increase in 224 
NO2 adjusted for PM2.5; and 1.035 for a 5 µg/m³ increase in PM2.5 adjusted for NO2 (Chen et 225 
al., 2024). These estimates come from a meta-analysis of population-level studies looking at 226 
the effect of average pollution concentrations at participants’ homes, as modelled largely at 227 
the residential address level or at the small-area level and without accounting for individual 228 
mobility and variations beyond the residential location. They are therefore considered 229 
appropriate to apply to the OA-level average pollution concentrations that we estimated (OAs 230 
being the smallest Census geography level), and this is standard practice when conducting 231 
health impact assessments of air pollution.  232 
 233 
The number of deaths attributable to air pollution was calculated by sex and 5-year age band 234 
for each OA. In line with recommendations from Public Health England guidance for estimating 235 
local mortality burdens (Gowers et al., 2014), mortality attributable to long-term exposure to 236 
air pollution was based on the number of deaths in adults aged 30 years or more. This 237 
calculation involved combining a) the attributable fraction of deaths in each OA, as derived 238 
based on the relevant concentration response functions plus the average pollutant 239 
concentration for that OA in a given scenario; b) the number of people aged 30 years or over 240 
living in that OA in 2023, by sex and age band, and c) borough level age-standardised all-241 
cause mortality rates in 2023 (available from https://www.nomisweb.co.uk/) 242 
 243 
To calculate the number of YLLs per OA due to air pollution, we multiplied the 5-year age band 244 
and sex-specific attributable deaths by the corresponding borough-level 2021-2023 period life 245 
expectancy for each group (ONS, 2024). 246 
 247 
Impacts on childhood asthma incidence were modelled twice, first as a function of NO2 (1.05 248 
per 4 µg/m³ increase in NO2), and second as a function of PM2.5 (1.03 per 1 µg/m³ increase in 249 
PM2.5), using single-pollutant concentration response functions from the meta-analysis by 250 
Khreis et al. (2017). Results modelled via both NO2 and PM2.5 are presented in text, to give a 251 
range of plausible results and are not meant to be summed. The number of new cases of 252 
childhood asthma per year was calculated by combining a) the attributable fraction of asthma 253 
in each OA, based on the average pollutant concentration for that OA in a given scenario; b) 254 
the number of children aged 0 to 18 living in that OA in 2023, and c) the Global Burden of 255 
Disease estimated asthma incidence in Greater London in 2023 (available from 256 
https://vizhub.healthdata.org/gbd-results/). 257 
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 258 

Statistical analysis 259 

 260 
We first examined average effects across the different scenarios modelled (Table 2), to 261 
assess whether air pollution impacts changed according to which year of ‘after’ data was 262 
used. We then proceeded to focus on comparing the Latest Data scenario to the Baseline 263 
scenario for more detailed analysis. 264 
 265 
Our primary outcomes were the absolute changes in PM2.5 and NO2 concentrations, plus 266 
their resulting impacts on mortality and asthma. To provide context for these absolute 267 
changes, we also present the results in terms of relative changes and, in the case of air 268 
pollution concentrations, relative to background improvements in air pollution. Specifically, 269 
UK government estimates of background air pollution concentrations (DEFRA, 2024) 270 
indicate that all-source background NO2 fell by an average of 0.85µg/m3 between 2023 and 271 
2024 in the relevant areas of London, while PM2.5 fell by 0.07µg/m3. This allowed us to 272 
quantify the modelled LTN-related changes in terms of ‘number of days of progress / delay’ 273 
relative to this favourable background trend – i.e. how far had the LTN accelerated, or 274 
delayed, air quality improvements in London relative to the observed background trend. For 275 
instance, one would describe the LTN as ‘accelerating progress by 365 days’ if the LTN 276 
were estimated to reduce NO2 pollution by 0.85µg/m3, as that is equal to the background 277 
annual improvement in NO2. 278 
 279 
We conducted our analyses of pollution impacts at the OA level. To capture average effects, 280 
we took simple means across OAs. To calculate confidence intervals we used the ‘acreg’ 281 
package in Stata (Colella et al., 2023), fitting the ‘spatial’ command to take account of spatial 282 
clustering between OAs; specifying 2km as the maximum distance between which the error 283 
terms of OAs were assumed to be correlated; and using the ‘bartlett’ option to impose a 284 
distance linear decay between the error terms of nearby OAs. The 2km threshold was 285 
chosen as it comfortably spans LTNs and boundary roads, and also as trialling various 286 
thresholds indicated that 2km resulted in conservative (least significant) estimates. These 287 
confidence intervals capture uncertainty only due to variation between OAs and allowed us 288 
to assess how far any differences between different groups of OAs (e.g. different LTNs) 289 
might be due to chance. 290 
 291 
In our primary analyses, we looked at average effects across the 929 OAs in the five LTNs 292 
modelled, treating these as a single sample. This approach captures average air pollution 293 
impacts in these five schemes. In sensitivity analyses, we instead ran a two-stage process 294 
that first calculated average effects for each of the LTNs separately and then used random-295 
effects meta-analysis to pool the results across the five LTNs. This approach captures the 296 
estimated air pollution impacts for a ‘typical’ LTN in London and produced similar findings. A 297 
further set of sensitivity analyses excluded Camden Square, because Camden Square is the 298 
smallest LTN in our study, and is the only LTN that a) used ‘before’ data collected before 299 
Covid-19, and b) saw boundary roads traffic decrease in the ‘with LTNs’ scenario. 300 
 301 
As previously mentioned, the potential for increased pollution on boundary roads is typically 302 
a leading point of controversy in relation to LTNs, and this is sometimes combined with 303 
claims that this will disadvantage ethnic minorities, poorer residents, or residents living on 304 
roads that are already more polluted. We therefore sought to examine the spatial distribution 305 
of the impacts of our five LTNs, as well as examining variation between the five schemes. 306 
We did so by defining the following five small-area characteristics at the OA level.  307 
 308 

1) LTN scheme: i.e. Stoke Newington Church Street, Camden Square, St Ann’s, Brixton 309 
Hill, or Streatham Wells 310 

2) OA area type, defined as: 311 
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• Inside the LTN: defined as >50% of the OA’s buildings lie inside the LTN, plus 312 
<20m of the boundary roads intersect the OA. 313 

• On the LTN boundary roads: defined as ≥20m of the boundary roads intersect the 314 
OA, and/or the boundary road runs directly alongside the OA. 315 

• Other external areas: OAs that did not meet the two above definitions.  316 
3) Proportion of non-White residents in the 2021 Census.  317 
4) Mean number of deprivation dimensions per household in the 2021 Census (covering 318 

domains of employment; education; health and disability; and household 319 
overcrowding).  320 

5) Average NO2 concentrations in our baseline model.  321 
 322 

The final three of these small-area characteristics were divided into quarters on an LTN-by-323 
LTN basis (i.e. ‘most deprived quarter from Stoke Newington’ through to ‘least deprived 324 
quarter from Stoke Newington’, and likewise for the other LTNs). This was done in order to 325 
adjust for scheme effects (i.e. Stoke Newington versus Camden Square etc.) when 326 
examining the distribution of impacts. To test for heterogeneity across these groups, we ran 327 
successive single-variable linear regression models (using the ‘acreg’ package, as described 328 
above) that entered the relevant OA-characteristic as a categorical variable. We then 329 
performed a Wald test for heterogeneity. This was done for each variable in turn in separate 330 
models, without adjusting for co-variates, because our primary concern was the raw spatial 331 
distribution of the attributable health impacts (e.g. ‘do average effects differ between poorer 332 
and richer areas?’), rather than the identification of independently causal predictors (e.g. ‘do 333 
average effects differ between poorer and richer areas, after adjusting for baseline pollution 334 
levels?’). When examining health impacts, we summed OA-level estimates to generate 335 
aggregated estimates of total impact. 336 
 337 
 338 

RESULTS 339 

 340 
Baseline pollution levels and mapping results 341 
 342 
In the ‘without LTNs’ Baseline scenarios, average pollution concentrations across the areas 343 
we modelled were 18.9µg/m³ for NO2 and 8.4µg/m³ for PM2.5. These values are below the 344 
current legal limits in the UK (40µg/m³ for NO2 and 25µg/m³ for PM2.5), but above the air 345 
quality guideline values proposed by the World Health Organisation (10µg/m³ for NO2 and 346 
5µg/m³ for PM2.5). 347 
 348 
Our results indicated a reduction in pollution on most streets inside LTNs, whereas on 349 
boundary roads there was a mix of pollution increases and decreases. This is illustrated in 350 
the map shown in Figure 3, with Supplementary Material 2 showing maps for all schemes 351 
and pollutants.  352 
 353 
 354 
 355 
Figure 3: Change in annual average NO2 in St Ann’s LTN, Haringey, between Baseline 356 
and the Latest Data Scenario 357 
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 358 
Note that this map shows estimated changes with a 4m2 (2m by 2m) resolution, a far finer spatial 359 
resolution than output areas (average area ≈30,000m2). As this map shows, some 4m2 cells along 360 
major roadways saw changes in NO2 in the range of -4 to +4 µg/m³, an order of magnitude larger than 361 
the range at the OA level (range -0.40 to +0.35 in St Ann’s).  362 
 363 
 364 
 365 
Comparison of scenarios: how air pollution impacts change as schemes become 366 
longer established 367 
 368 
Table 3 presents average changes in air pollution in the three scenarios, across the areas 369 
inside and surrounding the five LTNs. As Table 3 shows, average concentrations fell for both 370 
NO2 and PM2.5 in the first year of scheme implementation (Year 1 scenario). In the four LTNs 371 
with available data, a reduction in congestion between Year 1 and Year 2 led to a further 372 
modest fall in average NO2 concentrations but had little effect on PM2.5 (Year 2a scenario). In 373 
the one LTN with available data, the reduction in congestion and traffic between Year 1 and 374 
Year 2 led to a more substantial further decrease in both NO2 and PM2.5 (Year 2b scenario). 375 
These results were similar in analyses restricted to peak-time air pollution concentrations 376 
(see Supplementary Material 3), and in analyses that sought to estimate impacts in a ‘typical’ 377 
LTN (see Supplementary Material 3). 378 
 379 
In the remainder of the results section, we use the Latest Data scenario for each of the five 380 
LTNs as a proxy for long-term air pollution impacts.  381 
 382 
Table 3: Average absolute change in OA-level annual average pollution 383 
concentrations, relative to the Baseline scenario: comparing results across scenarios 384 

Outcome 

Schemes  ‘Without 
LTNs’ 

Baseline 
scenario 

Change in Year 
1 scenario 

Change in Year 
2a scenario 

Change in Year 
2b scenario 

NO2  
(µg/m³) 

5 LTNs 18.90 -0.028   

4 LTNs with 
Year 2a results 

19.21 
-0.029 -0.034 

 

1 LTN with Year 
2b results 

17.93 
-0.004  -0.007  -0.016 
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PM2.5  
(µg/m³) 

5 LTNs 8.39 -0.0048   

4 LTNs with 
Year 2a results 

8.45 
-0.0044  -0.0044   

1 LTN with Year 
2b results 

8.23 
-0.0035 -0.0034 -0.0046  

OA= Output Area; LTN = low traffic neighbourhood. The results in this table combine OAs inside and around the 385 
LTNs (distance up to 2km). See Supplementary Material 3 for a version including 95% confidence intervals. 386 
 387 
 388 
Average air pollution effects using latest available scenario data 389 
 390 
Using the latest available scenario data for each LTN, the average change across the five 391 
LTNs and their surrounding areas was -0.034 µg/m³ in NO2 (95%CI -0.056 to -0.011) and -392 
0.0051 µg/m³ in PM2.5 (95%CI -0.0077 to -0.0025: see also Table 4). Similarly, in analyses 393 
that used random-effects meta-analysis to estimate impacts in a ‘typical’ LTN, the change 394 
was -0.044 µg/m³ in NO2 (95%CI -0.082 to -0.006) and -0.0062 µg/m³ in PM2.5 (95%CI -395 
0.0103 to -0.0021). 396 
 397 
As context, these observed average changes across the five LTNs correspond to a mean -398 
0.18% relative decrease in NO2 as compared to the estimated level of 18.9µg/m³ in the 399 
‘without LTNs’ scenario; and -0.06% mean relative decrease in PM2.5 as compared to the 400 
estimated level of 8.4µg/m³ in the ‘without LTNs’ scenario. Relative to background 401 
improvements in air pollution in London between 2023 and 2024, this is equivalent to gaining 402 
an average of 14 days of progress in relation to NO2 and gaining 27 days of progress in 403 
relation to PM2.5. In other words, across the five LTNs and their surrounding areas, the 404 
beneficial average effects were statistically significant but were small.  405 
 406 
Distribution of air pollution effects according to selected area characteristics 407 
 408 
When looking at LTNs individually, all five schemes were modelled as having a decrease in 409 
average NO2 and PM2.5 concentrations in the latest data (see Supplementary Material 3 for 410 
LTN-level results for all three scenarios, and Supplementary Material 2 for contour maps). 411 
The magnitude of these changes ranged from -0.55% to -0.03% for NO2, and from -0.15% to 412 
-0.01% for PM2.5, with the largest effects seen in Camden Square. Camden Square is the 413 
smallest LTN in our study and is also unusual as a) its ‘before’ data was collected before 414 
Covid-19 and b) pollution was estimated to fall on almost all boundary roads (see 415 
Supplementary Material 2). The estimated average air quality improvements were up to a 416 
quarter smaller in sensitivity analyses excluding Camden Square (see Table 4). 417 
 418 
We next examined the distribution of changes in air pollution according to whether the OA 419 
was inside the LTN, was on its boundary roads, or was an external OA beyond the boundary 420 
roads. Unsurprisingly, we found the largest pollution decreases inside the LTN areas, with a 421 
-0.87% fall in NO2 (from 18.05µg/m³ in the ‘without LTNs’ scenario to 17.90µg/m³ in the ‘with 422 
LTNs’ scenario) and a -0.33% fall in PM2.5 (from 8.25µg/m³ to 8.23µg/m³). This reflected the 423 
fact that modelled air pollution fell on almost all internal roads inside the five LTNs (see 424 
Supplementary Material 3). As context, this average effect is equivalent to gaining 68 days of 425 
progress relative to the background trend in relation to NO2 and gaining 144 days in relation 426 
to PM2.5. 427 
 428 
Smaller average decreases in air pollution were seen for boundary road OAs of -0.18% for 429 
NO2 (from 19.98µg/m³ to 19.94µg/m³), and -0.06% for PM2.5 (from 8.551µg/m³ to 430 
8.546µg/m³). This resulted from a mixture of positive and negative changes in boundary road 431 
air pollution which largely cancelled each other out when averaged. There was, however, 432 
substantial spatial heterogeneity across boundary roads, with some segments seeing 433 
modest to moderate localised increases in concentrations, while others saw decreases (see 434 
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Supplementary Material 3). Finally, ‘other’ external OAs saw the smallest decrease in 435 
pollution (-0.06% for NO2, -0.02% for PM2.5).  436 
 437 
In sensitivity analyses excluding Camden Square, these effects remained similar for ‘internal’ 438 
and ‘other’ OAs. However, the effect on boundary road OAs changed to a small and non-439 
significant increase (+0.03% (95%CI -0.31% to +0.38%) for NO2; +0.001% (95%CI -0.08% to 440 
+0.08%) for PM2.5), equivalent to one to four days of delay relative to the favourable 441 
background trend for air quality in London. 442 
 443 
We did not find statistically significant evidence that the change in pollution concentrations 444 
varied according to small-area level ethnic diversity or deprivation (all p≥0.15 for 445 
heterogeneity between quarters, see Table 4), although the non-significant trend was for 446 
slightly smaller improvements in the quarter of OAs with the highest proportion of non-White 447 
residents and in the half of OAs with the highest proportion of deprived residents. There was 448 
also strong evidence of an inverted U-shaped relationship with baseline air pollution, with 449 
larger pollution decreases estimated in areas with intermediate baseline pollution, and with 450 
minimal improvements in areas with the highest baseline pollution. 451 
 452 
Finally, at the level of individual OAs, there was a mix of positive and negative effects. The 453 
size of these effects was generally small to negligible, and at most modest. For instance, 454 
across all 929 OAs, the size of the latest-data changes in NO2 ranged from a 4.5% decrease 455 
(equivalent to 337 days, or 11 months, of progress relative to background trends) to a 2.6% 456 
increase in NO2 (equivalent to 243 days, or 8 months, of delay relative to background 457 
trends).  458 
 459 
  460 
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Health impacts of air pollution changes 461 
 462 
Table 5 shows the estimated changes in deaths, YLLs and incident cases of childhood 463 
asthma attributable to the implementation of the five LTNs and the associated modelled 464 
reductions in air pollution. Across the 307,734 people living in and around the five LTNs, we 465 
estimated that on average there were 1,481 deaths and 22,023 YLLs per year in the ‘without 466 
LTNs’ Baseline scenario. In the scenario with LTNs, we estimated that 0.15 of these deaths 467 
and 2.28 of these YLLs were averted per year, equivalent to a -0.01% reduction. We further 468 
estimated that in the ‘with LTNs’ scenario 0.13 to 0.34 cases of childhood asthma were 469 
averted each year (depending on whether we estimated the change via PM2.5 or via NO2), 470 
equivalent to a 0.02% to 0.04% reduction. 471 
 472 
In sensitivity analyses restricted to the four larger LTNs (i.e., excluding Camden Square), 473 
this fell to an estimated 0.11 deaths and 1.70 YLLs averted per year (0.008% reduction); and 474 
to an estimated 0.11 to 0.25 incident cases of childhood asthma averted per year (0.01% to 475 
0.03% reduction).  476 
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Table 4: Annual average pollution concentrations, relative to Baseline scenario, using 477 
the latest available scenario data for each LTN: Distribution of changes according to 478 
selected area characteristics 479 

  No. NO2 PM2.5 

  OAs 
Absolute 
change 
(µg/m³) 

Relative 
change 

Absolute 
change 
(µg/m³) 

Relative 
change 

All schemes 5 LTNs 929 -0.034 -0.18% -0.0051 -0.06% 

 Typical LTN 929 -0.044 -0.22% -0.0062 -0.07% 
       

Larger schemes 
4 larger LTNs (excluding 
Camden Square) 

849 -0.025 -0.14% -0.0043 -0.05% 

 
Typical larger LTN (excluding 
Camden Square) 

849 -0.024 -0.14% -0.0041 -0.05% 

       

LTN Stoke Newington, Hackney  244 -0.006 -0.03% -0.0010 -0.01% 

 Camden Square, Camden  80 -0.130 -0.55% -0.0138 -0.15% 

 St Ann’s, Haringey  222 -0.016 -0.10% -0.0046 -0.06% 

 Brixton Hill, Lambeth 221 -0.057 -0.30% -0.0056 -0.07% 

 Streatham Wells, Lambeth  162 -0.020 -0.15% -0.0070 -0.09% 

 p-value for heterogeneity   p<0.001 p<0.001 p<0.001 p<0.001 
       

Area type Inside the LTN 112 -0.157 -0.87% -0.0276 -0.33% 

 On the LTN boundary roads 143 -0.043 -0.18% -0.0053 -0.06% 

 Other external areas 674 -0.011 -0.06% -0.0013 -0.02% 

 p-value for heterogeneity   p<0.001 p<0.001 p<0.001 p<0.001 
       

Proportion non- Quarter 1 (lowest) 233 -0.034 -0.18% -0.0060 -0.07% 

White residents ‡ Quarter 2  259 -0.037 -0.19% -0.0060 -0.07% 

 Quarter 3  240 -0.033 -0.18% -0.0045 -0.05% 

 Quarter 4 (highest) 197 -0.029 -0.15% -0.0036 -0.04% 

 p-value for heterogeneity   p=0.88 p=0.87 p=0.40 p=0.40 
       

Residents’ mean  Quarter 1 (lowest) 228 -0.033 -0.17% -0.0059 -0.07% 

number of  Quarter 2  242 -0.045 -0.23% -0.0064 -0.08% 

deprivation Quarter 3  223 -0.027 -0.14% -0.0036 -0.04% 

dimensions ‡ Quarter 4 (highest) 236 -0.029 -0.16% -0.0043 -0.05% 

 p-value for heterogeneity   p=0.26 p=0.24 p=0.15 p=0.15 
       

Baseline NO2 air  Quarter 1 (lowest) 145 -0.013 -0.07% -0.0017 -0.02% 

pollution‡ $ Quarter 2  271 -0.044 -0.24% -0.0067 -0.08% 

 Quarter 3  270 -0.061 -0.31% -0.0089 -0.11% 

 Quarter 4 (highest) 243 -0.004 -0.01% -0.0010 -0.01% 

 p-value for heterogeneity   p<0.001 p<0.001 p<0.001 p<0.001 

OAs= Output Areas; LTN = low traffic neighbourhood. See Supplementary Material 3 for a version of this table 480 
with 95% confidence intervals that capture uncertainty due to variation between OAs. Significance levels in tests 481 
for heterogeneity were calculated via Wald tests, in single-variable linear regression models fitted with the ‘acreg’ 482 
command, and that entered the relevant OA-characteristic as a categorical variable. ‡ Quarters defined on an 483 
LTN-specific basis. $ Results similar in analyses that instead used quarters of PM2.5, which correlates 0.94 with 484 
NO2.   485 
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Table 5: Estimated health impacts of changes in air pollution due to the LTNs, across 486 
the LTNs and their wider surrounding areas 487 

 All 5 LTNs 
The 4 larger LTNs 

(excluding 
Camden Square) 

No. OAs 929 849 

Population 307,734 283,651 

Population aged 0 to 18 62,184 57,830 
   

Number of deaths per year in Baseline scenario without LTNs 1,481 1,388 

Absolute change in deaths per year in scenario with LTNs -0.15 -0.11 

Relative change in deaths per year in scenario with LTNs -0.011% -0.008% 

Absolute change in deaths per million population per year in 
scenario with LTNs 

-0.49 -0.39 
   

Number of YLLs per year in Baseline scenario without LTNs 22,023 20,469 

Absolute change in YLLs per year in scenario with LTNs -2.28 -1.70 

Relative change in YLLs per year in scenario with LTNs -0.011% -0.008% 

Absolute change in YLLs per million population per year in 
scenario with LTNs 

-7.41 -5.99 
   

Number of incident cases of childhood asthma per year in 
Baseline scenario without LTNs 

964 896 

Absolute change in incident cases of childhood asthma per year 
in scenario with LTNs 

-0.34 (NO2) / 
-0.13 (PM2.5) 

-0.25 (NO2) / 
-0.11 (PM2.5) 

Relative change in incident cases of childhood asthma per year 
in scenario with LTNs 

-0.04% (NO2) / 
-0.02% (PM2.5) 

-0.03% (NO2) / 
-0.01% (PM2.5) 

Absolute change in incident cases of childhood asthma per 
million children (aged 0 to 18) per year in scenario with LTNs 

-5.47 (NO2) / 
-2.09 (PM2.5) 

-4.32 (NO2) / 
-1.90 (PM2.5) 

OAs= Output Areas; LTN = low traffic neighbourhood; YLLs = years of life lost. See Supplementary Material 3 for 488 
results stratified by LTN scheme, and for results stratified by internal/boundary/other OA status. 489 
  490 
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DISCUSSION 491 

 492 
Summary 493 
 494 
This study uses extensive empirical data alongside a full-chain modelling approach to model 495 
the impacts of five low traffic neighbourhoods (LTNs) in London on NO2 and PM2.5 496 
concentrations, plus select associated health outcomes. The model inputs included 497 
observed before-and-after traffic count, traffic speed and congestion data. We found that 498 
LTNs led to statistically significant but small decreases in NO2 and PM2.5 concentrations. 499 
This decrease reflected a combination of 1) a mixture of pollution increases and decreases 500 
in surrounding boundary areas, which largely cancelled each other out; plus 2) consistent 501 
(but modest) pollution decreases inside the LTNs. There was no statistically significant 502 
evidence that the average improvement in air quality varied by ethnic diversity or deprivation, 503 
but there was evidence that areas with the highest baseline pollution saw the smallest 504 
benefits. The overall improvements in average air quality translated into benefits in terms of 505 
mortality and childhood asthma, but the effects were very small (0.01% to 0.04% area-wide, 506 
0.05% to 0.19% inside the LTNs). We conclude that LTNs typically improve air quality and 507 
public health in London but, at the current modest scale of implementation, their effect is 508 
small. 509 
 510 
Study strengths and limitations 511 
 512 
In this study, we implemented a comprehensive full-chain air pollution modelling framework, 513 
which was rigorously validated against observed air pollution measurements. The validated 514 
baseline configuration demonstrated good performance and was consistent with established 515 
regulatory and scientific guidance. Our analysis advances previous work in several important 516 
ways: by examining multiple LTNs across London; by integrating speed and congestion 517 
metrics alongside traffic volume data; and by assessing the distribution of impacts at a fine 518 
spatial (small-area) scale. In addition to mortality, which is commonly included in similar 519 
assessments, we estimated health impacts related to childhood morbidity, an outcome that 520 
remains comparatively understudied. Collectively, these contributions add to the limited 521 
empirical evidence on the effectiveness of LTNs and provide new insights into their 522 
implications for environmental justice and health equity. 523 
 524 
Our study also has some important limitations, most of which are expected to be 525 
conservative – i.e. to have led us to underestimate the beneficial effects of LTNs. First, we 526 
were limited in the traffic data available to us, creating structural uncertainty in our estimates 527 
that is not captured in our confidence intervals. In particular, most of the measurement points 528 
were inside the LTNs or on immediately surrounding boundary roads, meaning we had to 529 
assume no change in traffic on more distant roads. Another structural uncertainty was our 530 
use of rather coarse 1km2 grids to assign minor road emissions, which may tend to 531 
underestimate benefits inside the LTNs. These uncertainties could usefully be assessed in 532 
future sensitivity analyses, and compared to other sources of uncertainty in the full modelling 533 
chain such as the input data parameters themselves and the assumptions and processes 534 
underpinning the emission, dispersion and health simulation models. 535 
 536 
Second, we were limited to using ‘after’ data collected one or at most two years after the 537 
schemes were implemented. Our findings suggest that the air pollution impacts of LTNs 538 
become more favourable over time, which is consistent with the general expectation that it 539 
may take some time to realise the full mode shift benefits of road reallocation schemes 540 
(Cairns et al., 2002, Furlong et al., in preparation). It is therefore an important limitation that 541 
we did not have access to longer follow-up data, and our findings may underestimate the 542 
longer-term air quality benefits of LTNs. Future studies should measure or model this when 543 
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longer-term data becomes available, and include other more specific traffic-related 544 
pollutants, as discussed next. 545 
 546 
Third, we only modelled air pollution effects via NO2 and PM2.5. Although these are 547 
traditionally the two key pollutants used to model air quality impacts on health, we note that 548 
recent studies highlight the growing significance of black carbon due to its strong 549 
associations with adverse health outcomes (Redaelli et al., 2019). Black carbon, a 550 
component of particulate matter, is also a particularly sensitive indicator of traffic-related 551 
emissions and may show more pronounced reductions following traffic restriction 552 
interventions compared to broader particulate matter measures. Black carbon is therefore a 553 
worthwhile pollutant for future studies on LTNs and other urban transport policies to model 554 
explicitly or measure directly. In addition, our study also does not model ozone (O3) directly. 555 
O3 is often negatively associated with NO2 in urban areas and reductions in NOx emissions 556 
can, in some contexts, trigger increases in O3. O3 may therefore have increased slightly with 557 
the implementation of the LTNs. This is not expected to have materially affected our 558 
estimates of health impacts, however, as we used NO2 concentration response functions 559 
that were estimated without adjustment for O3. As such, these estimates may be interpreted 560 
as reflecting the effects of NO2 within the broader pollutant mixture which includes O3. Future 561 
work could benefit from explicitly modelling O3 alongside other pollutants and including 562 
concentration response functions which appropriately account for O3 and potential interactive 563 
effects.  564 
 565 
 566 
Fourth, we only modelled health impacts in terms of mortality/years of life lost and childhood 567 
asthma. Total health impacts would have been larger had we included the many health 568 
outcomes that have been associated with traffic-related air pollution (Health Effects Institute, 569 
2022). 570 
 571 
Fifth, in the present study we only model air pollution effects at the local level. Yet air 572 
pollution disperses, and most traffic-related background air pollution in London is not 573 
generated locally. Specifically, DEFRA produce 1km2 resolution background concentration 574 
maps which provide source apportionment of NOx concentrations by source group (traffic, 575 
industry, domestic etc.) and source location (inside versus outside each 1km2 grid square). 576 
In Greater London in 2023, these DEFRA maps estimate that on average around four times 577 
more background NOx pollution came from traffic outside a given grid square than from 578 
traffic inside that grid square (23% from traffic outside, 5% from traffic inside, and 72% from 579 
other sources) (DEFRA, 2024). This means that if one achieved London-wide the same 580 
relative reduction in traffic that we observed in and around our LTNs, the London-wide 581 
relative decrease in NO2 would likely be several times larger than was estimated in this 582 
study. Future simulation studies would be useful to investigate this point. 583 
 584 
Finally, we recognise that air pollution is only one of the pathways whereby LTNs may affect 585 
population health, and that a holistic assessment of health impacts will be more informative 586 
for policymakers (Glazener et al., 2021). Our wider study has previously reported that 587 
London’s LTNs reduce traffic injuries inside LTNs by a third (and decrease injuries on 588 
boundary roads for some groups or locations) (Furlong et al., 2025b, Furlong et al., 2025c). 589 
We are currently working on estimating the physical activity impacts of the schemes, and on 590 
comparing the magnitude of impacts across those different pathways. 591 
 592 
Interpretation of findings in relation to wider evidence 593 
 594 
Our results generally align with the limited existing evidence base in pointing towards net air 595 
quality benefits from LTNs (AECOM, 2022, CERC, 2021, CERC, 2022, Yang et al., 2022). 596 
Most of the existing evidence base consists of studies that, like the present study, model air 597 
quality impacts based on changes in traffic counts. These previous modelling studies align 598 
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with the present study in finding larger air quality benefits for NO2 than PM2.5, which is expected 599 
since NO2 is the more specific marker of traffic-related air pollution. These previous modelling 600 
studies also generally align with the present study in finding that 1) the air quality benefits 601 
inside LTNs are relatively small; and 2) that surrounding boundary roads experience a mixture 602 
of positive and negative effects, which to some extent cancel each other out. For instance, in 603 
the present study we found average NO2 changes of -0.87% inside the LTN areas, and -0.18% 604 
in boundary road areas (or +0.03% in a sensitivity analysis which removed Camden Square 605 
LTN). 606 
 607 
By contrast, the only previous controlled study that measured air pollution directly (using 608 
NO2 monitors around three LTNs in a single borough) found much larger effects, with NO2 609 
changes of -5.7% inside the LTN areas and -8.9% in boundary and surrounding areas (Yang 610 
et al., 2022). This discrepancy is puzzling, particularly the large air quality benefit for 611 
boundary and surrounding areas. We therefore think it would be valuable to conduct further 612 
controlled before-and-after studies that directly measure air pollution in and around new 613 
LTNs. 614 
 615 
In interpreting our findings, we think it important to consider two further points from the wider 616 
literature on this topic. The first point is that interventions may achieve proportionally greater 617 
impacts when scaled up to the city level as compared to when implemented in just a few 618 
local areas. For instance, when Mueller et al. (2020) considered the potential effects of 619 
scaling Barcelona’s superblocks across the whole city, they estimated that the pollution 620 
benefits could be substantial (e.g. -24.3% in NO2 pollution, city-wide), driven by large 621 
modelled modal shifts. At present, London is very far from having LTNs implemented city 622 
wide: as of June 2024, an estimated 5% of Londoners live in an LTN (Furlong et al., 2025b), 623 
and implementation is generally slow and piecemeal. If LTNs were implemented city-wide, 624 
we would expect larger proportional air quality benefits for two reasons. First, as discussed 625 
above, our model is limited to a focus on local air quality benefits. Because air pollution 626 
disperses, our model is expected to underestimate several-fold the relative air quality 627 
benefits of city-wide LTNs. In other words, a 10% reduction in local traffic delivers 628 
substantially smaller local air quality benefits than a 10% reduction in city-wide traffic. 629 
Second, more speculatively, it seems possible to us that the traffic reduction impacts of 630 
LTNs might scale in a non-linear way, with greater effects per LTN above a certain threshold 631 
of implementation. For instance, the approximately 10% reduction in local traffic that we 632 
observed after implementing a single LTN might become, say, a 20% reduction in city-wide 633 
traffic if implementing LTNs city-wide. 634 
 635 
The second point is that cities are expected to achieve the biggest air quality benefits when 636 
they combine road-reallocation policies like LTNs with other measures such as clean air 637 
zones. For instance, in a scenario modelling study from Barcelona, Rodriguez-Rey et al. 638 
(2022) found that the largest NO2 reductions were estimated when superblocks (which are 639 
similar to LTNs) were implemented alongside a clean air zone. This is in line with best 640 
practice when it comes to generating policy options, where packaging sustainable urban 641 
mobility policies is recommended as the gold standard as it can increase acceptability, 642 
effectiveness, and impact (Khreis et al., 2023, May et al., 2018). In London, a clean air zone 643 
(the “Ultra Low Emission Zone”) was progressively rolled out across the city between 2019 644 
and 2023, contributing to substantial improvements to air quality, particularly on busy main 645 
roads (GLA and TfL, 2025). We consider such policies highly complementary to LTNs, as 646 
they mitigate the modest negative air pollution impacts that LTNs have on some boundary 647 
roads. In other words, if LTNs are implemented alongside a strong clean air zone or similar 648 
interventions, even boundary roads that experience an increase in traffic may experience a 649 
decrease in pollution. 650 
 651 
Environmental justice implications 652 
 653 
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One of the central debates around urban traffic interventions is their impact on 654 
environmental justice, that is, whether they improve or worsen already entrenched exposure 655 
disparities. When we stratified areas by proportion of non-White residents and by levels of 656 
household deprivation, we found pollution decreases in all areas, with no statistically 657 
significant differences across these groups in the magnitude of this improvement. Our ability 658 
to detect inequitable effects was, however, constrained by modest sample sizes, small effect 659 
sizes and the fact we only analysed five LTNs. This makes it possible that inequitable 660 
impacts existed that we were not statistically powered to detect. Further investigation of the 661 
spatial impacts of LTNs would therefore be valuable, across a larger number of LTNs. 662 
 663 
In addition, we did find evidence that areas with the highest baseline NO2 levels benefited 664 
the least. We note that the areas in our study with the highest baseline pollution typically lay 665 
alongside main roads, which do not generally receive any traffic restrictions when an LTN is 666 
implemented but instead become boundary roads. This finding of smaller benefits on roads 667 
with higher baseline pollution is therefore in line with our finding of smaller benefits in 668 
boundary areas than inside the LTNs.  669 
 670 
In interpreting these findings, it is important to note that we did not find evidence that on 671 
average there was a harm either to the most polluted quarter of areas (change -0.01% in 672 
NO2) or to boundary road areas in general (change -0.18% in NO2). This finding is in line 673 
with previous evidence that there is no large, systematic increase in traffic on boundary 674 
roads (Thomas and Aldred, 2024). Our study therefore indicates the inaccuracy of a 675 
common theme of opposition to LTNs, namely “LTNs […] have proven time and time again 676 
to increase congestion/pollution” (Gössling et al., 2024).  677 
 678 
Nevertheless, the fact that the benefits were small to negligible on the most polluted roads 679 
does demonstrate the potential for LTNs to exacerbate pre-existing inequalities in air 680 
pollution exposure and this is a key area for policy intervention. Moreover, although we 681 
found no net harm to boundary roads on average, we did find increases in traffic and 682 
pollution on some specific roads. We believe these findings further reinforce the case for 683 
implementing LTNs as part of a package of transport policies, with measures like LTNs 684 
(which bring the largest benefits to minor roads) coupled with other measures like clean air 685 
zones, fuel taxes or price increases, alternative fuel and vehicle technologies, or diesel 686 
surcharges (which bring the largest benefits to main roads). We also consider that local 687 
authorities should monitor all LTN boundary roads carefully to identify those specific road 688 
segments which experience traffic increases and should adaptively target those boundary 689 
roads that are negatively affected with additional local mitigation measures. A synthesis of 690 
58 unique urban policy interventions to reduce traffic-related air pollution in cities can be 691 
found in Khreis et al. (2023). 692 
 693 
Conclusions 694 
 695 
We conclude that LTNs do typically improve air quality at the local level, which translates 696 
into benefits in terms of mortality and childhood asthma incidence. Their average effect is 697 
small, however, and largely confined to the areas inside the schemes. Impacts appear 698 
broadly equitable by small-area ethnic diversity and deprivation, however areas with higher 699 
baseline pollution (which typically lie alongside main roads) benefit the least and warrant 700 
further targeted intervention. LTNs should therefore be seen as complementing, not 701 
replacing, broader policies like clean air zones, clean bus fleets, and road user charging. 702 
 703 
We find that, despite being a prominent concern in the opposition to LTNs (Verlinghieri et al., 704 
2025), boundary road areas do not experience an increase in modelled air pollution on 705 
average. We do, however, find that pollution increases by a small to moderate amount on 706 
some specific boundary roads (as offset by decreases on other boundary roads). This 707 
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highlights a need for granular monitoring of traffic and air pollution impacts, which can be 708 
used for iterative scheme refinement to address or mitigate any harms. 709 
 710 
As cities around the world implement and expand traffic reduction measures, policy makers 711 
should situate LTNs within broader, justice-oriented urban environmental strategies, and 712 
commit to ongoing, evidence-based monitoring and adjustment. 713 
 714 
 715 
 716 
 717 
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Highlights 1 

 2 
• We estimated the impacts of 5 low traffic neighbourhoods (LTNs) in London, UK 3 

 4 
• Inside LTNs, pollution fell by 0.87% in relative terms for NO2 and by 0.33% for PM2.5 5 

 6 
• Surrounding ‘boundary roads’ saw mixed changes, averaging to near zero. 7 

 8 
• We estimate that the number of deaths fell 0.01% area-wide, or 0.05% inside LTNs. 9 

 10 
• We conclude that LTNs improve local air quality but, at the current modest scale of 11 

implementation, the effect is small. 12 
 13 
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