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Trucks, an important target for climate and air pollution mitigation

2Minet et al., (2020) and Evans et al., (2019)

Excessive exposure to traffic-related pollutants can occur near roads with significant proportions of trucks

Observation Simulation



Large trucks contribute disproportionally to air pollutant emissions

3Minet et al., (2020)

Based on the 2016 traffic-related emission inventory in the Greater Toronto and Hamilton Area (GTHA)

Traffic-related air pollution indicators

Nitrogen Oxides (NOx)
NOx = NO + NO2

Black Carbon (BC)
BC = Soot

Carbon Dioxide (CO2)
Longer lifetime in the atmosphere

Greenhouse gas (GHGs)



Research Objectives

1. Evaluate air quality benefits associated with mitigation plans 
targeting truck technology and truck movements

2. Identify disparities in exposure to truck-related air pollutants

4



1- Traffic and emission prediction

1. Air Quality Modelling



A Chemical Transport Model (CTM) to assess air quality in the GTHA
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4 km2 resolution

12 km2 resolution

1 km2 resolution

Scenario analysis: 

• Scenario illustrating the impacts of newer truck technology           

• Scenario for off-peak deliveries

Minet et al., (2020) and Chowdhury et al., (2022)



A. Base case scenario of Black Carbon concentrations

Peel region as one of 
the hot spots 

Higher BC levels 
captured on highways
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B. Impact of renewing all diesel trucks to 2008 technology or 
newer (difference compared to base case)

8

Overall reduction 
across all regions

Largest reductions are 
observed on highways



C. Impact of OPD scenario 
(difference compared to base case)

Generally air pollution 
improvement happens in 
outer area and air quality 

degradation occurs on 
major highways  
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Largest increase in air 
pollution is observed 

on highways



New truck technology vs. OPD

• Newer trucks result in improved air quality everywhere

• Off-peak delivery leads to minimal impacts on air quality

• OPD scenario reduces truck emissions during the daytime, but some of these 
emissions are replaced by those of passenger vehicles (induced travel) ➔ overall 
effect is improvement in day-time air quality

• OPD scenario increases night-time emissions of trucks, released in a more stable 
atmosphere ➔ overall effect is an increase in air pollution
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Diurnal Pattern of Air Pollutant Concentrations (daytime)
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Reduction in air pollution 
during daytime



Diurnal Pattern of Air Pollutant Concentrations (nighttime)
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Increase in air pollution during nighttime



1- Traffic and emission prediction

2. Environmental Justice Analysis



Ontario Marginalization Indices

Matheson et al., (2016) 14



Base case Material Deprivation Quintile
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(i.e. 1=least deprived,

5=most deprived)



A. Base case BC concentrations across material deprivation 
quintiles
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Most disadvantaged group 
is exposed to higher levels 

of BC



B. BC reductions under new truck scenario across material 
deprivation quintiles 
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Most disadvantaged group 
experiences the largest 

reduction in air pollution 



C. BC increases under OPD scenario across material 
deprivation quintiles 
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Most disadvantaged group 
experiences the highest 

deterioration of air quality



Future direction: Health outcomes analysis

19Minet et al., (2020)

Nitrogen Dioxide (NO2) concentrations in the GTHA 
on an average weekday in parts per billion (ppb)

Base case condition Scenario

Changes in air pollutant concentrations
Delta (Scenario minus Base case)

Census Data by 
Dissemination Area

Concentration Response Functions (CRFs)
for each pollutant included in:

Air Quality Benefit Assessment Tool (AQBAT) by Health Canada

Years of Life Lost
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