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> Case Study: City of Edmonton

Province of Alberta, Canada, from Chemical Transport Modeling nested domain '
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1. Hajiparvaneh, Erfan, Hossein Alizadeh, Vahid Hosseini, and Charles Robert Koch, Atmospheric Environment 331 (2024): 120582.
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> Edmonton is an extreme cold climate city

Population ~ 1 million, # of vehicle on the road ~ 1 million

Edmonton hourly temperature and snow depth
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Data from Alberta climate Information Service
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> Background & Motivations-

 Review of all available emissions factors

in cold climate (Abediasl et al., 2023)

« Atmospheric pollution in extreme cold

climate (Alizadeh & Hosseini, 2026)

« Even with the same emissions input
as summer, modeling showed twice
the pollutants concentrations in

extreme cold
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CREATE

Increase of emissions due to low ambient

tem peratu res
1 AR &
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(Saliba et al, 2017)
PEMS, -5°C |—\
10 - S (tiet al. 2020b)
Chassis Dynamometer, -18°C
(Christenson et al. 20072) ]
g 4 PEMS, -5°C
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> Background & Motivations

« Exhaust tampering in cold climate (Braun

etal., 2022, ICCT)

* ROVER Il project looked into cases of high
emitters in HDV sector in Alberta, Canada

with remote sensing

* For more information on this part of the

study see our poster @ NPC2026
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Roadside Optical Vehicle Emissions Reporter (ROVER) III
Project: Evidence of Exhaust Tampering in Alberta, Canada

Negaar Razzaghi, Vahid Hosseini

School of Sustainable Energy Engineering, Simon Fraser University, Metro Vancouver, Canada

@ INTRODUCTION

Tampering is done in a diesel truck where the
factory-installed emissions control systems,
such as DPF, and SCR have been removed or
disabled.

H‘:}
—[
@=i

Tompering methods from [1]

In Canada, there are currently no provincial
or federal regulations against tampering, and
all annual emissions inspection programs
have been discontinued.

@ TEMPERING EXTENT

The true extent of tampering in not known.
Alberta Motor and Truck Association
conducted a survey from mechanics about
tampering and found:

Snapshot of a Webpage
Advertising DPF Deletion

* 47% of respondents reported that many
owners do it

* 82% indicated that more than one
emission control device is likely to be
defeated.

* 83% of respondents reported that
tampering is substantially less expensive
than repairing.

@ ROVER PROJECT

® The ROVER study, led by the Clean Air Strategic

Alliance (CASA), assessed heavy—duty vehicle
emissions in Alberta in 2022.

® Using remote sensing technology, the study collected

6,338 valid HDV measurements.

* Repeated measurements suggested that about 30% of

modern HDDVs may have malfunctioning or tampered

emission—control systems

Tiwo attended RSD530005 deployed at different
heights to measure HDVs from [2]

@ RESULTS

0% of sbzervasion: emice 10-times.
5 prore an 02 ip-he-

NOx (g/hp-hr)

% Observations

Distribution of HDV NOX emissions (g/hp-hr)
2010 and newer models from [2]

PM (g/hp-hr)

% Observations
Distribution of HDV PM emissions (g/hp-hr)
2010 and newer models from [2]

@ EFFECTS

A modeling study conducted by The
International Council on Clean
Transportation (ICCT) estimated that a 1%
rise in tampering incidents could lead to 690
more premature deaths aver a span of 20
years. This health burden is expected to
primarily affect older adults aged 70 to 90,
primarily due to heightened risks of heart
disease, chronic obstructive pulmonary
disease, and cancer [1].

Aberia aetisn Golumbia

Tailpipe NOx and PM emissions from medium- and heavy-dluty
vehicies in 2020, 2030, and 2040 (kilotonnes).

Dork segments show baseline emissions under a scenario
without tompering, Light segments indicate the percent
increuse in emissions ossocioted with 0 1% increase in the
number of tampered venhicies on the road jrom [1].

@ FUTURE WORK

® Emissions modeling using MOVES and
UTEC* with age-equivalemnt emissions
factor for high emitters

® Chemical trasnport modeling with
integrated WRF/CMAQ model

® Health effects calculations of tampering

*UTEC is the Liban Tronsportation Emission:
developed by Siman Fraser Universty (SFL)

[1] Braun, C., Badshah, H., Hosseini, V., Jin, L., Miller, 1., & Rodrig

[2] Klausmeier, R., & Vescio, N. (2023, N

November 2023). Prepared for t
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F. (2022, March). Heavy~duty emission:

ical Vehicle Emissions Reporter ITI: A s

de la Torre Klausmeier Consulting, Inc. and Opus Inspection.

s control tampering in Canada. I

vey of an-road light and heavy~duty vehicle emissions (Final report, amer

rational C

incil on Clean Transportation.
ed

Hosseini & Razzaghi, poster presentation, NPC2026




> Research Objectives

* The hypothesis is that the change in baseline emissions is impacted by
o Extreme cold climate
= Change of driving behavior

= Change of emissions factors (cold exhaust, prolonged cold start, mode idling,
more cabin heating, ...)

= Change of urban traffic (traffic volume and speed due to compromised roads)

o Exhaust tampering (removal or alteration of exhaust filters)*

* There is no anti-tampering regulation, there is no annual emissions inspection

The Objective is to develop and validate an emission model that
captures the reality of cold-climate cities.

NPC 2026 | Cold-Climate Running-Exhaust Modelling | Razzaghi & Hosseini, SFU SEE
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> Research Objectives

= Change of driving behavior

= Change of emissions factors (cold exhaust, prolonged cold start,
mode idling, more cabin heating, ...)

= Change of urban traffic (traffic volume and speed due to
compromised roads)

The Objective is to develop and validate an emission
model that captures the reality of cold-climate cities.
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> The Emission

Traffic & Road features

I |
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vehicle:km-day~!

o

Age and fuel distribution
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Regulatory Approved
Emission Model for
Vehicles
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B> Weather-sensitive Emission Model

Traffic & Road features o
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> Data Gap

« All traffic model outputs (traffic volume & speed, fleet
composition) are available for a typical fall working day. (e.g.

mid-October)

e Limited winter traffic data is available from traffic data

analytics.

 Emission rate shifts: cold ambient air affects combustion and

aftertreatment performance even after engine warm-up.
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> Traffic in Cold Climatex;.d funcionas -
' weather features, | StreetLight Traffic Data
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> Traffic in Cold Climateso.q runcionars .
{ weather features, ) StreetLight Traffic Data
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> Traffic in Cold Climate

[ Fall baseline traffic ]\

volume and speed

Streetlight historical
observation
volume and speed

Weather data
Solar rad., Temperature,
Snow depth, Relative

LFE20
S

S humidity, Precipitation

\

J

Road attributes
Functional

Preparation

/ Spatial merge\

and traffic
verification

« Define hourly
baseline

85% Train
links

L[ 5 Kfold |

\ 4

> Machine Learning

Hold out links
15% spatial test

anchors

* Weather data
aggregation

» Feature
selection

J

K (SHAP value) /
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> Cold Climate Emission Rate Multipliers
Fleet Composition

Passenger fleet model-year distribution, vehicle-class share, and emission-standard tiers
Fleet age (years)
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TN Cold Climate Emission Rate Multipliers

Fleet Composition

Implied engine technology by emission tier
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> Cold Climate Emission Rate Multipliers

Fleet Multipliers
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> Increase of Emissions after emission rate correction
Gasoline passenger cars and passenger trucks

NOx PM2.5
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> Weather Classification Using K-means Clustering

RO
R1p
R2

R3r
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> Weather Classification Using K-means Clustering

Temperature (°C) Precip. sum (mm) Snow depth (cm)
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> Traffic Metrics & Weather Regimes

Impacts by regime and metric

Arterial Collector
ROF 1% -8% -3% . RO F 8% -71%
R1F 7% 4% 4% - R1} 2% -4% 9%
R2F -6% -8% 1% . R2 b 3% -6%

R3F -5% -3% -4% - -1%
R4 | -71% -1% -6% - R4 6% -0% 9%
Volume Speed VHT Volume Speed VHT
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> Traffic Metrics & Weather Regimes

Traffic redistribution from
arterials to collectors

Arterial

Impacts by

Whitemud Dri

ive - 75 Street
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Effects Of Increased Emissions Factor And Change Ofm
- Traffic

Percentage of Emission Change from Winter to Baseline
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> Conclusions

 Our preliminary modeling results based on emission factors from literature
shows that newer technologies (GDI and newer) are more sensitive to the
extreme cold climate.

 In winter, traffic shifts from highways to more local roads, which is a
concern for increased air pollution in communities near roads.

« Despite lower traffic volume, vehicles remain longer on the road which
caused increased emissions.

« PM2.5 of the light duty gasoline fleet increases as much as 30% in cold
winter days. Combined with local atmospheric stability (Alizadeh &
Hosseini, 2026), the pollution in the ground is increased by two-fold.
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> Future work

Malekloo’s PEMS setup, SFU

NS

« PEMS / RDE test in cold climate for

multiple technologies
« Expansion of work to HDVs

 Feeding the data into our atmospheric
chemical transport models (Alizadeh,
Hosseini, 2026)
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