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PART 1  

The Breathe London project 

1.1 Overview 

Millions of Londoners face health threats every day from air pollution. To better understand 

Londonersô exposure, the Breathe London project combined state-of-the-art monitoring 

technology with new methods of data analysis. By measuring harmful pollution across London 

and at thousands of locations, especially at a local level, the project informed  data-driven 

solutions to clean Londonôs air and foster healthier, stronger communities.  

 

Breathe London was convened by C40 Cities and the Greater London Authority (GLA). Project 

planning began in July 2018 and the pilot phase ran through  November 2020. The project was 

funded by the Childrenôs Investment Fund Foundation (CIFF), with continued funding from 

Clean Air Fund (CAF) to extend the project to November 2020.  The project consortium was led 

by Environmental Defense Fund Europe (EDF Europe) and included ACOEM Air Monitors , 

Cambridge Environmental Research Consultants (CERC), the Environmental Research Group 

(ERG) at Imperial College London (formerly at Kingôs College London), Google Earth Outreach, 

the National Physical Laboratory (NPL)  and the University of Cambridge (see Appendix 1 for 

more details on the roles of each partner).  

 

With cutting -edge sensor technology and research, Breathe London comprised three projects 

that brought new understanding of  air pollution leve ls where people live, work and play: 

 

FIGURE 1. Breathe London projects: stationary sensor network, mobile mapping and wearables 

Stationary Network

100 sensor pods 
installed on lamp 

columns and buildings 
across the city that 

continuously 
transmitted air quality 

measurements.

Mobile Mapping

Specially equipped 
Google Street View 
cars used mobile 

sensors to measure air 
pollution on a variety of 

roadways, taking 
readings approximately 

every second.

Wearables

Specially designed 
back packs with air 

quality sensors inside 
that allowed children 

and teachers to 
monitor air quality 

during their journey to 
and from school.

https://www.globalcleanair.org/bl-appendix-1-project-consortium-and-advisory-committees/
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In its first year, Breathe London monitoring spanned the months leading up to and immediately 

following the implementation of the worldôs first Ultra Low Emission Zone (ULEZ) in Central 

London and in its  second year, the extended operation of the stationary network captured the 

unprecedented times of COVID-19 and the air quality effects of restrictions that ensued. 

 

Breathe London developed openly shared quality assurance and quality control (QA/QC) 

procedures and analysis algorithms  and demonstrated how to effectively leverage lower-cost and 

new monitoring techniques. It enabled the assessment of pollution hotspots  and the evaluation 

of policy intervent ions through a network of 100 stationary  sensors, combined with  repeated 

mobile monitoring on nearly 600 kilometres (km)  of varied roads, to measure and map air 

pollution across Greater London. Policymakers and community groups were able to use Breathe 

London data to hold polluters accountable and to develop local clean air solutions.   

 

Breathe London also created a 

robust, open-access, hyperlocal 

dataset that generated an 

unprecedented level of detail 

about air quality in London  

and made it available to the 

public on the Breathe London 

platform (right). The city has a 

well-established regulatory 

network  of high performing  

and high cost, stationary, 

continuous air quality monitors 

used to assess compliance with 

legal standards. This network 

served as an excellent reference to study the reliability and accuracy of  the lower-cost sensors 

deployed as part of Breathe London. Validating lower -cost methods of measurements against 

such a network was an important goal of Breathe London in order to  support replication in other 

cities interested in using lower-cost air quality sensors. 

 

This report presents findings from the Breathe London pilot p roject to provide technical  advice 

to cities on how lower-cost monitoring networks can be used to inform air quality solutions. It is 

intended for  environmental health bodies including  air quality officers and air quality network 

managers, as well as, academic and research institutions. Secondary users may include 

transport plann ers, other health and policy officials and civil society groups and community 

organisations. 

1.2 Aims, goals and data objectives 

Breathe London was created to accelerate air quality improvements in London  and share lessons 

for other global cities through three overarching project aims: 

 

 

Breathe London map displaying average NO2 pollution levels at pods (29 Oct 20) and 

mobile measurements along roads in Central London; ULEZ boundary in green.  
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1. Test the reliability and accuracy of a lower-cost stationary sensor network 

2. Characterise the spatial patterns of air pollution, identify  hotspots and assess the impact  

of policy interventions   

3. Provide hyperlocal air pollution data to the public  

 

To achieve these project aims, six monitoring goals and corresponding data objectives were 

established (see Table 1 ). The monitoring  goals informed which pollutants to measure and the 

type of monitoring that was required  and the data objectives focussed on the learning outcomes.  

TABLE 1. Monitoring goals and data objectives 

Monitoring Goals  Data Objectives  

1. Provide unprecedented 

levels of air pollution 

data 

¶ Quantify air pollution at a fine spatial and temporal resolution , 

to better understand variation across the city.  

¶ Identify pollution hotspots.  

2. Advance the use of 

lower-cost sensors and 

mobile monitoring 

technology 

¶ Compare performance with the existing reference network to 

better understand the reliability, accuracy and limitations.  

¶ Advance QA/QC procedures to derive a cost-effective, robust 

means of maintaining reliable network perf ormance. 

¶ Provide key considerations for designing an effective 

monitoring network and data collection campaign.   

3. Raise public awareness  
¶ Share Breathe Londonôs data and methodologies through 

innovative and open-source platforms.  

4. Assess air quality before 

and after a policy 

intervention*  

¶ Use collected data to evaluate local policies that aim to directly 

address sources of pollution and improve air quality.  

¶ Quantify changes in pollution  levels over time. 

5. Improve emission 

inventories and air 

quality model  

¶ Use model-measurement comparisons to identify pollution 

hotspots and determine local inaccuracies in Londonôs 

Atmospheric Emissions Inventory . 

¶ Produce updated high-resolution annual average pollution 

maps. 

¶ Provide the framework for the development of inversion 

modelling techniques that combine modelled and measured 

pollution data to understand emissions changes, while 

accounting for meteorological impacts.  

¶ Use measured CO2 data at all sites to derive emission indices.  

6. Enhance source 

apportionment  

¶ Create a high-resolution dataset of hourly pollution at all 

stationary monitoring sites and sensitive receptors  that showed 

the contribution  of air pollution  from different activity 

sectors.**  

*The second year of monitoring took place in part during the  COVID-19 pandemic and although the resulting local 

and national policies and actions put in place were not targeted at reducing air pollution, several had a direct impact 

on pollution and were assessed by the Breathe London project. 

**Sensitive receptors include locations with vulnerable populations such as schools and hospitals.  
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PART 2 
Setting up the network and collecting data 

2.1 Stationary sensor network  

Deployment overview  

The Breathe London stationary 

air pollution monitoring  network 

was made up of AQMesh pods 

installed at 100 locations across 

London.1 The stationary network 

collected data from 1 November 

2018 to 30 November 2020. 

Each pod contained several air 

quality sensors that provided 

near real-time (available on-line 

within one hour of 

measurement) local air quality  

information  and measured CO2 (see Table 2 ). The pods also measured temperature, humidity 

and air pressure to correct for environmental conditions. Sensors measuring gaseous pollutants 

were set to collect data continuously for 10-second intervals, while particulate matter (PM)  

sensors operated 30-seconds in each minute, and create an overall average every 1-15 minutes. 

Data was presented on the Breathe London website as current, hourly averages and averages 

over the entire deployment period for each pod. 

 

TABLE 2. Pollutants measured by the Breathe London stationary network and sensor types 

Pollutant  Sensor Type  

Nitrogen dioxide (NO 2) Electrochemical sensor 

Nitric oxide (NO)  Electrochemical sensor 

Particulate matter   

(including PM 2.5 and PM10) 
Light -scattering optical particle counter 

Carbon dioxide (CO2) Non-dispersive infrared absorbance sensor 

Ozone (O3)*  Electrochemical sensor 

*Only 10 pods were equipped with electrochemical sensors to measure ozone. 

 

 

 
1AQMesh pods were manufactured by Environmental Instruments Ltd. 

Credit: ACOEM Air Monitors 

AQMesh pods were 

deployed across the 

city on lampposts 

and buildings. 

https://www.aqmesh.com/
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Site selection   

Locations for the Breathe London pods were identified based on the following criteria developed 

in consultation with the Greater London Authority ( GLA).2 

  

¶ Establishing coverage across Greater London in all 32 boroughs plus the City of London. 

¶ Filling gaps in the existing network of regulatory air quality  monitors.  

¶ Prioritising  sensitive locations, such as primary schools and medical facilities. 

¶ Supporting assessments of the impact of new policies designed to reduce air pollution, 

such as the Ultra Low Emission Zone (ULEZ), the Expanded ULEZ and the Low Emission 

Bus Zones (LEBZ). 

¶ Distributing pods  across a range of traffic environments  and at varying distances from 

major roads and intersections, parks, residential areas, high-traffic streets and other 

commercial areas. 

¶ Reserving three pods (termed ñgold podsò) for calibrating other pods throughout the 

network using periodic co-location studies (six additional gold pods were later loaned to 

the project by the University of Cambridge). 

Stationary  sensor network data QA/QC  

The AQMesh sensors were not intended to provide equivalent accuracy to the existing reference 

network , but rather to provide information across a wide area and in many locations at a much 

lower cost. As such, the sensors were not calibrated like reference monitors using known 

standard materials. Their accuracy was quantified  by periodic co-location with reference 

monitors and comparison s with each other. QA/QC checks were carried out on data produced by 

the AQMesh pods before init ial field placement, after they were installed and periodically 

throughout their deployment.  Data was evaluated in stages, with each stage adding one or more 

quality assurance steps. This was done using the process outlined in the AQMesh Fixed Sensor 

Network Data QA/QC Procedures in Appendix 2A and summarised below (see Table 3). 

 

TABLE 3. Summary of stationary sensor network data QA/QC process 

Stage Description of QA/QC Process 

0 Factory QA/QC settings applied 

1 
Field derived scaling factors, for the range of environmental conditions at intended field 

location, determined through one of three methods (described in Section 2.2).  

2 Manual QA/QC review to flag suspect data 

3 Automated QA/QC for data removal  and correction based on flags  

4 Special issues (NO2 data drift , regulatory data ratification)  

 

 
2The GLA also provided additional funding in the second year to increase the number of hospital sites included in the 

network, bringing the total to 10. 

https://www.globalcleanair.org/bl-appendix-2-stationary-sensor-network-documentation/
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Post-deployment and periodic QA/QC checks were further supported by the online platform  

that hosted all the Breathe London data (see Section 3.1 for more details). The platform 

performed continuous QA/QC on the AQMesh data in accordance with the process outlined in 

Appendix 2A. 

 

The overall QA/QC process was audited by the National Physical Laboratory (NPL) at the end of 

the pilot phase who confirmed adherence to the QA/QC requirements (see Appendix 2B for the 

full audit report). Provisional data from the stationary sensors were published on the Breathe 

London website in near real-time whil e QA/QC checks were undertaken. A final dataset was 

produced by applying the full QA/QC process as outlined in Appendix 2A and made publicly 

available at the end of the project.   

 

2.2 Stationary sensor network calibration methods  

 

To ensure that the AQMesh pods were correctly calibrated for the range of environmental 

conditions present at their field location, Stage 0 data was adjusted with scaling factors 

determined through one of three methods (Stage 1 in Table 3). Breathe London developed 

these methods to verify, and where necessary improve, the accuracy of sensor measurements 

during the QA/QC process (see Table 4 and the sub-sections below). This is because 

conventional calibration procedures using certified gases were not practicable or indeed 

desirable for field -deployed, lower-cost sensor networks. 

 

TABLE 4. Summary of stationary sensor network calibration methods 

Calibration method  Description of method  

1. Reference site co-location 
AQMesh pods co-located with a reference monitor to determine slopes 

and offsets (calibration factors) between reference site and pod data. 

2. Transfer standard 

AQMesh pods calibrated against a designated subset of AQMesh pods 

that were periodically co-located with a reference monitor to become 

qualified as transfer standards, also known as ñgoldò pods.  

3. Network calibration  Cloud-based method that remotely calculated calibration factors for 

each sensor within the network. 

https://www.globalcleanair.org/bl-appendix-2-stationary-sensor-network-documentation/
https://www.globalcleanair.org/bl-appendix-2-stationary-sensor-network-documentation/
https://www.globalcleanair.org/bl-appendix-2-stationary-sensor-network-documentation/
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Reference  site co-location  

Prior to initial field placement approximately 

one-third of the AQMesh pods were co-

located with reference monitor s in Greater 

London for 3 - 7 days. This amount of time 

typically enabled sufficient variability in 

pollution concentrations to produce a vali d 

test that met co-location criteria. After each 

calibration  period, linear regressions were 

performed to derive calibration parameters 

for the co-located pod. 

Transfer standard method  (gold pod 

co-location)  

Nine AQMesh pods were co-located 

periodically wi th one or more reference 

monitors  to become qualified as designated 

transfer standards, also known as gold pods. 

After characterisation, gold pods were moved 

adjacent to ñcandidateò pods across the 

network for individual co -locations. 

Candidate pods were the 100 stationary 

AQMesh pods that made up the Breathe 

London stationary sensor network. After a 

reference or gold pod co-location, calibration adjustments (slope and/or offset) were applied to 

the candidateôs pre-scaled data when regressions indicated good correlation.  

Network calibration method  

Since physical co-locations for a large network are resource intensive, alternative methods like 

the remote network calibration became advantageous. Developed by the University of 

Cambridge, this method dramatically reduced the level of effort needed to operate the stationary 

sensor network by enabling calibration  without extensive co-location studies. Based on earlier 

work reported in  Heimann et al. (2015) and Popoola et al. (2018), the method separates three 

signals: local, near-field and far -field/background. The local contributions are due to emissions 

near the receptor (1 ï 10 m), the near-field contributions vary on scale of 10 ï 1000 m and 

represent the contribution from dispersed sources  local to the environment, while the far -

field/background contribution is uniform over 1 -100 km.  By selecting periods when non-local 

pollutant levels are likely to be relatively homogeneous over the study area the method can be 

used to determine relative pod calibration parameters . The entire network can be scaled relative 

to a single AQMesh pod co-located with a reference monitor .  

 

AQMesh gold pods co-located at a reference site.         

Credit ACOEM Air Monitors. 
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Breathe London used the network calibration method to determine  NO2 scaling factors for 

sensors without a valid gold pod co-location and for all PM 2.5 data. For NO the network 

calibration was used as a basis for deriving offsets, which were applied to regressions used to 

determine the sensor sensitivities from gold pod co-locations. Breathe London provided an 

extensive testbed for quantifying the performance of  the method due to the density of the 

existing reference network, which enabled the widespread use of physical co-locations for 

validation purposes. The network calibration methodology and an evaluation of this methodôs 

performance to that of  gold pod co-locations can both be found in Appendix 2. 

 

Statistical methods for performance characterisation of lower -cost sensors  

The team from NPL leveraged Breathe London monitoring data, together with reference 

measurements from Londonôs existing regulatory network, to investigate the application of 

statist ical and machine learning tools for performance characterisation  of the lower-cost 

sensors. Results showed promise for certain applications such as quantifying measurement 

uncertainty, identifying malfunctioning devices and determining regional background  levels, 

which is complementary to the network calibration method of the University of Cambridge. 

Additional detail on this work is provided in Appendix 2. 

 

2.3 Key considerations for future projects from the stationary 

network 

Installing a new  dense network of lower-cost monitors can be challenging because there are 

numerous site-specific logistical issues and permissions which need to be resolved before full 

deployment can take place. Lower-cost sensors have some inherent technology limitations that 

can vary by system and by sensor, and it is only possible to identify and address these by 

implementation of networks in long -term monitoring studies  like Breathe London.  

 

It is important to select suitable low -cost sensor systems which can make rapid one-minute 

measurements in order to support  new network calibration approaches that could transform air 

quality  monitoring methods of the future. In addition, the species selected for measurement 

should not be restricted to just regulated compounds which are monitored at reference 

instrument sites. The new technology may be exploited further by incorporating sensors which 

can detect tracer molecules such as CO2 thereby delivering vital new information on pollution 

source apportionment.  

 

Below is a summary of key issues and considerations found during deployment, which should be 

accounted for when planning similar hyperlocal stationary monitoring at other locations.  

 

 

 

https://www.globalcleanair.org/bl-appendix-2-stationary-sensor-network-documentation/
https://www.globalcleanair.org/bl-appendix-2-stationary-sensor-network-documentation/
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Sensors and equipment  

I nstallation  

The time and resources to obtain permissions to 

install monitors should not be underestimated. 

Local knowledge and political buy-in, as well as 

access to ideal siting locations such as lampposts 

with mains power supply  (including the correct 

sockets), can streamline this process. Depending 

on location, installation may require outside 

contractors, increasing the budget and creating 

time constraints .  

 

Sensor technology  

Lower-cost sensor technology is rapidly evolving, and both sensor manufacturers and sensor 

system manufacturers frequently upgrade their products sometimes without making this 

process completely transparent. This is very common in the present market but can create 

complications such as when a manufacturerôs firmware algorithm is updated, which can impact 

on the data quality, or when sensor models are discontinued and replaced with upgrades during 

the lifetime of the project. It is recommended that projects proactively ask manufacturers about 

planned product updates during the procurement process and keep stocks of suitable 

replacement sensors.  

 

Network performance  

Overall, the Breathe London network performance maintained a high operational rate between 

March 2019 and June 2020 with more than 80 pods in the network reporting at least 75% valid 

hourly data (see Figure 2 ). The increase in number of active pods with valid data in early 2019 

reflects correcting power supply and other performance issues in the early months of 

deployment. This demonstrated how vital it is to get as much information as possible on sensor 

performance ahead of procurement, as well as incorporating time to test and validate 

instrumentation. Sensor replacement and pod maintenance costs are also key considerations for 

understanding the overall project budget.  

 

AQMesh pod installed on a lamppost with mains power 

supply. Credit: ACOEM Air Monitors. 
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FIGURE 2. Number of AQMesh pods with > 75% valid hours of NO2 or PM2.5 data each day 
(blue line) and maximum number of operating or active pods in the network (red line). Coverage 
criterion is met for generally over 80% of the instruments deployed although some degradation 
is seen later in the project in June 2020 for PM2.5 

Monitoring plan  

Siting logistics  

Logistical needs are a vital consideration when choosing the location of monitors. Requirements 

such as pod power, weight, and height should be clearly documented to streamline 

communication  between the project and potential hosts when determining  the suitability of 

sites. For example, the pods used in Breathe London needed sufficient power, so potential sites 

either required  adequate sunlight for installing solar panels or the ability to plug into mains, 

both of which have cost and logistical implications.   

 

Micro scale siting  

Positioning of the pods can potentially  impact the representativeness of the measurements. Due 

to the limited options for mounting pods on buildings or street furniture, large networks may 

have to compromise on locations. To assess possible sampling issues at sites that did not follow 

siting guidelines set out in the European Union (EU) directives  for reference instruments , a 

microscale siting study was conducted at three sites to better understand the potential effect of 

pod siting (see Appendix 2F). This showed the effects to be minimal, at least for the sites tested, 

so that an important point of low er-cost, small sensors is that they can in fact be sited in places 

that are impossible for trad itional reference instruments, generally outweighing potential 

disadvantages associated with microscale siting. 

https://www.globalcleanair.org/bl-appendix-2-stationary-sensor-network-documentation/
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Data quality assurance and quality control  

Pre -deployment co -location at reference monitoring sites  

Ideally, adequate time should be built -in prior to deployment to ensure that all sensors can be 

co-located at reference sites representative of their ultimate placement location and that  as 

many pollutants are measured by the system as possible. However, a key output from the 

Breathe London project was the network-based calibration methodology (Appendix 2C) which 

yielded results comparable to physical co-location. It is highly recommended that future projects  

test the performance of at least a subset of the sensors to be deployed in order to address any 

unexpected compatibility or suitability issues. 

 

Designated gold pods and spare pods  

A valuable capability is the ability to move a subset of pods within the network based on project 

needs. Designating a subset of pods for gold pod calibrations or as transfer standards will help 

maintain network performance and for testing and validating any cloud -based calibration 

methodology. It  is recommended that future projects consider maintaining several calibrated, 

spare pods to allow anomalous sites to be investigated or to replace the pods in the network that 

have been otherwise rendered inoperable to ensure continuity. The ability to move spare pods 

within the network can  determine whether atypical results are a data/measurement  issue or 

local air pollution issue (i.e. potential hotspot ). 

 

Long -term co -location at reference monitoring sites  

Although the network -based calibration method is an important basis for maintaining the 

calibration and QA/QC of the lower cost network, co-locating one or more pods with a reference 

monitor for an extended period (i.e. many months), or repeated co-locations, can provide 

insights into the performance of the lower -cost sensor network. For example, such co-locations 

during Breathe London enabled evaluation of performance issues, including identification and 

correction of a gradual upward drift of NO 2 measurements associated with an ozone (O3) cross 

interference. In this context, access to multiple reference sites spanning different site types 

could be of value.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.globalcleanair.org/bl-appendix-2-stationary-sensor-network-documentation/
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2.4 Mobile mapping deployment  

Deployment overview  

The mobile mapping campaign was 

conducted by two Google Street View cars 

equipped with reference-grade air quality 

sensors, that measured air pollution over 

approximately 40,000 km of driving  between 

August 2018 and October 2019. The fast-

response, reference-grade instruments 

measured pollution concentrations 

approximately every 1-10 seconds. Pollutants 

were measured on a variety of London roads 

(see Table 5). Mobile monitoring is unique 

because measurements occur so close to the 

vehicle sources that emissions can be 

practically measured directly.  This enables characterisation of vehicle emissions performance 

as well as ambient pollution on streets.  

 

The National Physical Laboratory (NPL) conducted the necessary regular checks of instrument 

performance and periodic calibrations. Frequent calibrations and daily instrument and data 

checks were necessary to ensure the highest possible valid data capture. The Google Street View 

Cars Instrumentation Operating Procedure  document provides further details about the 

instrumentation, checks  and calibrations conducted during the project  (see Appendix 3A). The 

cars collected data from early morning to late evening, Monday t o Saturday, with most of the 

driving  occurring on weekdays. 

 

TABLE 5. Pollutants measured by the Google Street View cars and instruments 

Pollutant  Instrument  

Black carbon (BC) Magee AE33 Black Carbon Monitor 
Carbon dioxide (CO2) LiCor Model 7200RS CO2/H 2O Monitor  
Lung Deposited Surface Area 

(LDSA) 
Naneos Partector - nano PM monitor  

Nitric oxide (NO) Serinus 40 NOx Monitor  
Nitrogen dioxide (NO 2) Aerodyne CAPS Direct NO2 Monitor  
Ozone (O3) 2B Tech 211G Ozone Monitor 
Particulate matter  
(primarily  PM2.5) 

FIDAS 100 PM Monitor and Thermo PDR - 1500 PM2.5 

Nephelometer  

  

 

 

Credit: ACOEM Air Monitors 

https://www.globalcleanair.org/breathe-london-appendix-3-mobile-monitoring-documentation/
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Daily sampling plans were designed to distribute repeat passes of each target area as evenly as 

possible across times of day, day of the week and month of year. The initial sampling plan 

included full coverage of the Ultra  Low Emission Zone (ULEZ) and targeted driving routes in 

select areas outside of the ULEZ. The project team selected these routes based on predicted high 

and low NO2 concentrations, using Cambridge Environmental Research Consultantsô (CERCôs) 

ADMS-Urban model, as well as randomly selected areas of high and low deprivation . The full 

Mobile Deployment Strategy Overview  can be found in Appendix 3B. Figure 3  and Figure 4  

show the drive coverage achieved between August 2018 and October 2019 across Greater 

London and within the ULEZ boundary.   

 

 

FIGURE 3. Map of mobile drive coverage on all roads across Greater London showing count of 
valid drive passes for the PM2.5 instrument between August 2018 and October 2019 

https://www.globalcleanair.org/breathe-london-appendix-3-mobile-monitoring-documentation/
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FIGURE 4. Mobile drive coverage in the ULEZ showing count of valid drive passes for the PM2.5 
instrument mounted on Google Street View cars between August 2018 and October 2019 

Mobile data QA/QC  

The data collected from the  mobile mapping campaign followed the QA/QC process outlined in 

Appendix 3C and is summarised below in Table 6 . Instrument uncertainties for each pollutant 

measured are also presented in the Mobile Uncertainty Documentation  in Appendix 3E. The 

code is available to the public in a GitHub repository  for use in other projects.  

TABLE 6. Summary of QA/QC Stages for Breathe London Mobile Data 

Stage  Description of QA/QC Process  

0 Raw data entry into BigQuery and duplicate removal3 

1 Time alignment  

2 Flag assignments (instrument status, exceptional events, operating limits)  

3 
Data removal/correction based on flags (replacement with null or correction factor applied); 

measurement mode codes added 

4 Minimum detection limit calculation  

 
3 BigQuery is a serverless data warehouse that enabled analysis of vast quantities of raw mobile measurements. 

https://www.globalcleanair.org/breathe-london-appendix-3-mobile-monitoring-documentation/
https://www.globalcleanair.org/breathe-london-appendix-3-mobile-monitoring-documentation/
https://github.com/edf-org/breathe-london-aq




https://www.globalcleanair.org/breathe-london-appendix-3-mobile-monitoring-documentation/
http://erg.ic.ac.uk/research/home/index.html
http://erg.ic.ac.uk/research/home/index.html
https://www.london.gov.uk/what-we-do/environment/pollution-and-air-quality/mayors-school-air-quality-audit-programme
https://www.globalcleanair.org/files/2021/01/Breathe-London-ERG-Wearables-Study-Report.pdf
http://erg.ic.ac.uk/research/home/projects/breathe-london-project.html




https://www.globalcleanair.org/bl-appendix-1-project-consortium-and-advisory-committees/
http://www.breathelondon.org/
https://breathelondon.edf.org/


https://www.globalcleanair.org/bl-appendix-11-data-presentation-and-website-visuals/
https://www.airtext.info/


https://cerc.co.uk/BreatheLondonPlatform
https://app.swaggerhub.com/apis-docs/CERC/breathe-london-api/1.0.0?docExpansion=full
https://openaq.org/
https://www.globalcleanair.org/data-to-action/london-uk/
https://www.london.gov.uk/press-releases/mayoral/to-identify-londons-toxic-air-hotspots
https://www.youtube.com/watch?v=evBtR-llI20&t=22s
https://www.youtube.com/watch?v=evBtR-llI20&t=22s


https://www.globalcleanair.org/files/2021/01/Breathe-London-School-Fact-Sheet.pdf
https://europe.edf.org/news/2020/19/08/diesel-car-pollution-higher-neighbourhoods-outside-city-centre
https://www.globalactionplan.org.uk/
https://www.globalactionplan.org.uk/news/remote-working-vital-post-lockdown-to-keep-air-pollution-lowwith-87of-workers-wanting-to-continue-to-do-so
https://www.globalactionplan.org.uk/news/remote-working-vital-post-lockdown-to-keep-air-pollution-lowwith-87of-workers-wanting-to-continue-to-do-so
https://twitter.com/CASHcampaigners/status/1296540185690333187






https://www.london.gov.uk/sites/default/files/ulez_ten_month_evaluation_report_23_april_2020.pdf
https://www.london.gov.uk/press-releases/mayoral/tackling-londons-lethal-air
https://www.london.gov.uk/what-we-do/environment/pollution-and-air-quality/mayors-air-quality-fund#acc-i-54331
https://www.london.gov.uk/sites/default/files/ulez_ten_month_evaluation_report_23_april_2020.pdf
https://www.london.gov.uk/sites/default/files/ulez_ten_month_evaluation_report_23_april_2020.pdf
https://consultations.tfl.gov.uk/environment/air-quality-consultation-phase-3a/user_uploads/ulez-changes---stage-3a---con-and-info-doc---final-v1.0.pdf


https://www.globalcleanair.org/bl-cerc-final-report/
https://www.globalcleanair.org/bl-appendix-8-covid-19-analyses/
mailto:globalcleanair@edf.org


https://www.globalcleanair.org/bl-appendix-7-analyses-using-emission-ratios/
https://www.globalcleanair.org/bl-appendix-7-analyses-using-emission-ratios/
https://www.waze.com/ccp
https://www.globalcleanair.org/bl-appendix-8-covid-19-analyses/
https://doi.org/10.1016/j.atmosenv.2018.09.030


https://www.globalcleanair.org/breathe-london-cerc-hotspot-analysis-report/
https://www.globalcleanair.org/bl-cerc-final-report/


https://www.globalcleanair.org/bl-appendix-11-data-presentation-and-website-visuals/


https://www.globalcleanair.org/breathe-london-cerc-hotspot-analysis-report/
https://www.globalcleanair.org/bl-cerc-final-report/
https://www.globalcleanair.org/bl-cerc-final-report/
mailto:globalcleanair@edf.org


https://www.globalcleanair.org/breathe-london-cerc-hotspot-analysis-report/






https://www.globalcleanair.org/bl-appendix-2-stationary-sensor-network-documentation/
https://www.globalcleanair.org/breathe-london-appendix-3-mobile-monitoring-documentation/
https://www.globalcleanair.org/bl-cerc-final-report/
https://www.globalcleanair.org/bl-appendix-8-covid-19-analyses/
https://www.globalcleanair.org/breathe-london-cerc-hotspot-analysis-report/
https://www.globalcleanair.org/bl-appendix-2-stationary-sensor-network-documentation/
https://www.globalcleanair.org/bl-appendix-7-analyses-using-emission-ratios/
https://www.edf.org/airquality/roadmap-cleaner-air-and-healthier-communities
https://www.globalcleanair.org/breathe-london-appendix-10-learnings-and-recommendations-and-lessons-learned/
mailto:globalcleanair@edf.org
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