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Objectives





Motivation

 The development of air pollution surfaces is crucial for a 
better understanding of population exposure 

 Live air pollution data can be used to investigate the 
effect of traffic management on air pollution hot spots 
(e.g. low emission zones)

 Mobile monitoring campaigns provide unparalleled 
coverage of an urban area



The rise of portable air pollution monitors 
coupled with GPS devices 

Aeroqual sensor 
(NO2 and O3)

DiscMini (UFP)

MicroAeth (BC)

enables….



…mobile monitoring and panel studies

BUT….



Some hypotheses have not been tested and many 
questions regarding the role of air pollution 
sensors remain unanswered

 Sensors need calibration 

 Is air pollution data collected in an 
ad-hoc way useful to capture 
the spatio-temporal variability 
of air pollution in an urban area?



Comparing the performance of 
various data collection protocols



Fixed points

Pedestrians

Cyclists

Panel



Fixed points

Pedestrians

Cyclists

Panel

Four data collection protocols conducted in

the same campaign



Panel study

Gold standard for measuring exposure

 Recruiting participants from the general population

 Personal exposure measured throughout the day, 
monitors are close to the body

 Physiological measures conducted to relate with 
acute health effects



Panel study

Recruiting participants from the general 
population

Personal exposure measured throughout the day, 
monitors are close to the body

Physiological measures conducted to relate with 
acute health effects



 Participants arrive at the 
study site, undergo 
baseline health measures, 
and go about their day, 
then come back at the 
end of the day

 Can we predict their 
exposures without having 
to conduct personal 
measurements? 

 What is the error 
associated with potential 
mis-classification of 
exposure?



Fixed points



Fixed points

- 96 points

- Intersections and mid-block locations

- 6 visits per point, different times of day

- 20 minutes per visit

- Traffic counts (passenger car, passenger 
truck, light duty truck, transit bus, SHT, 
LHT, school bus, coach bus) and cyclists

- UFP, BC, noise

Time block Time

1 7 am to 11 am

2 11 am to 3 pm

3 3 pm to 7 pm



Pedestrian routes designed to overlap 
with fixed locations



Pedestrian routes designed to overlap 
with fixed locations

- 23 routes

- 7 to 10 km each

- Covered of 200Km of unique roads

- Average of 6 repetitions

- Different times of day

- Total of 1080 km

- Data processed per road segment 
(approx. 4,000 unique road segments)



Cycling routes



Cycling routes
• 10 routes, 24 to 31 km each

• 270 km covered in total

• Partial overlap with pedestrian 

routes

• Each route was repeated 6 to 8 

times, at least once per time block

• Total of 1860 km

• Approx. 3,900 road segments

Time block Time

1 7 am to 9 am

2 9 am to 11 am

3 11 am to 1 pm

4 1 pm to 3 pm

5 3 pm to 5 pm

6 5 pm to 7 pm



Preliminary analysis of cycling data



Database

 Every GPS point is given a unique ID and associated with:
◦ Air pollution level
◦ Road segment (approx. 3900)
◦ Day
◦ Time
◦ Meteorology (wind speed, direction, RH, temperature)

 Average air pollutant concentration per segment per visit 
is the outcome variable (UFP, BC, noise)

 Coefficient of variation for each segment/visit



Allocating GPS points 
to road segments



Land-use and built environment 
around each road segment

CA_14_right 

CA_14_left 

CA_16_right 

CA_16_left 

buffer_14_right 

buffer_14_left 



Land-use and built environment 
around each road segment

CA_14_right 

CA_14_left 

CA_16_right 

CA_16_left 

buffer_14_right 

buffer_14_left 



List of LU + BE 
characteristics

Buffers of 
25, 50, 100, 200, 
300, 500, 1000m

• Distance from the shore (m) (d_shore)

• Distance from the closest railline (m) (d_railline)

• Distance from the closest major road (m) (d_majrd)

• Distance from the closest highway (m) (d_highway)

• Distance from the closest airport (m) (d_airport)

• Distance to the closest NOx emitting chimney (m) (d_NPRI_NOx)

• Distance to the closest PM emitting chimney (m) (d_NPRI_PM)

• Area of the buildings (m2) (build_25m to build_1000m)

• Area of the commercial land use (m2) (com_25m to com_1000m)

• Area of the governmental and institutional land use (m2) (gov_25m to gov_1000m)

• Area of the resource and industrial land use (m2) (ind_25m to ind_1000m)

• Area of the open area land use (m2) (open_25m to open_1000m)

• Area of the parks land use (m2) (park_25m to park_1000m)

• Area of the residential land use (m2) (resid_25m to resid_1000m)

• Area of the waterbody land use (m2) (water_25m to water_1000m)

• Length of the bus routes (m) (busline_25m to busline_route_1000m)

• Length of the major roads (type 4) (m) (majrd_25m to majrd_1000m)

• Length of the highways (types 1, 2 and 3) (m) (highway_25m to highway_1000m)

• Length of the roads (types 1, 2, 3, 4, 5 and 6) (m) (roads_25m to roads_1000m)

• Number of bus stops (count) (bus_25m to bus_1000m)

• Number of intersections (count) (inter_25m to inter_1000m)

• Number of trees (count) (trees_25m to trees_1000m)

• Population (count) (pop_500m to pop_1000m)

• Average height of buildings (m) (build_height_25m to build_height_100m)

• Maximum height of buildings (m) (max_build_height_25m to max_build_height_100m)

• Number of NOx emitting chimneys (count) (NPRI_NOx_25m to NPRI_NOx_1000m)

• Number of PM emitting chimneys (count) (NPRI_PM_25m to NPRI_PM_1000m)

• Length of rail lines (m) (rai_25m to rail_1000m)



Descriptive statistics (by segment)

Mean Std Dev Min

Percentiles

25th 50th 75th 100th

Average ultrafine particles

(particles / cm3)

23436 15837 500 14447 19969 28603 376766

Average Black Carbon (ng/m3) 1761 2839 15 757 1235 1822 103046

LAeq (dB) 72.83 4.06 55 71 73 75 89



UFP along bicycle facilities







AM



PM



Early models of air pollution along cycling 
facilities



Early modelsModel 

For LN of UFP average
for increase of IQ if not otherwise indicated

Mean Change 95% CI for Mean  
Change

Mean Change 95% CI for 
Mean  Change

Mixed effect model
Model 35

GLM
Model 36

AIC 32310.50 4487.440
Adjusted R2 0.2591 0.3566

Windspeed -0.26 -0.27, -0.24 -12.15 -13.17, -11.11
timeblock - A (6, 7 and 8) -
Reference

1 NA

timeblock - B (9 and 10) -0.32 -0.35, -0.28
timeblock - C (11 and 12) -0.07 -0.12, -0.03
timeblock - D (13 and 14) 0.04 0.00, 0.08
timeblock - E (15 and 16) -0.30 -0.34, -0.26
timeblock - F (17, 18 and 19) -0.31 -0.35, -0.26
Relative Humidity -0.11 -0.13, -0.09 -8.65 -9.90, -7.37
d_airport -0.15 -0.17, -0.14 -12.21 -14.10, -10.28
build_1000m 0.12 0.10, 0.14 11.95 9.53, 14.43
park_1000m -0.019 -0.036, -0.003
max_build_height_25m 0.06 0.03, 0.08
d_NPRI_NOx -0.05 -0.07, -0.02
trees_750m 0.11 0.08, 0.13 14.93 11.39, 18.59
d_shore -0.05 -0.06, -0.03 -8.00 -9.82, -6.16
d_majrd -0.017 -0.021, -0.014 -3.07 -4.00, -2.14
gov_1000m -0.014 -0.024, -0.003
open_1000m 0.04 0.03, 0.05 4.63 2.93, 6.35
highway_25m 0.0008 0.0005, 0.0011 0.12 0.07, 0.16



Developing predictive models



What is the potential of human-centric air 
pollution sensing in producing reliable air 
pollution maps?



What is the potential of human-centric air pollution sensing in producing 
reliable air pollution maps?  

To evaluate the potential of embedded network of monitors in the generation of 
urban air quality maps useful for quantifying population exposure patterns


