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WHAT IS NOISE?

• Hedonic; unknown health risk; modulated by source 
identification

Everyday sounds vs. noise 

• Subjective and objective (Fink, Proc. Mtgs. Acoust. 39, 050002 
(2019))

Unwanted and/or harmful sound 

• “Unwanted or harmful outdoor sound created by 
human activity, such as noise emitted by means of 
transport, road traffic, rail traffic, air traffic and 
industrial activity.”  (Murphy & King, Chapter 4 - Strategic 
Noise Mapping, Environmental Noise Pollution, Elsevier, 2014)

Environmental noise 



EXPOSURE ASSESSMENT

• Sound pressure level (dB):  Amplitude 

of the sound wave 

• A-weighted sound pressure level (dBA) 

adjusted for human perception

• Averaged sound pressure levels used 

for assessment metrics: day, night, or 

24-hour period; LAeq,8-24h, Ldn and Lden

1. Silence

2. Audible sound

3. Atmospheric pressure

4. Sound pressure



https://www.commodious.co.uk/k

nowledge-bank/noise/measuring-

levels

WE MEASURE QUANTITY, NOT QUALITY…



EXPOSURE 
ASSESSMENT

Source-specific modelling 
(deterministic) 

Statistical approaches 
(deterministic/probabilistic) 

Individual 
monitoring  

Neighbourhood 
monitoring

Lu et al., 2017)

https://www.casellasolution

s.com/in/en/products/dbad

ge2-pro.html

https://www.bksv.com/media

/doc/bp2098.pdf



STANDARDIZED MODELLING METHODS

• National and regional standards for road/rail/air traffic and 

industry

• `Equal Energy Principle´

• Residential estimates based on time of day and most exposed 

façade

• 2002 EU Environmental Noise Directive and strategic noise 

mapping  

• Common Noise Assessment Methods in Europe (CNOSSOS) 
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HEALTH EFFECT 
PATHWAYS AND 

OUTCOMES  

• Sleep disturbance Increase per 10 dB increase from 40 dB 
(with specific mention of noise in question; Smith et al., 
2022)

• Road – 252%;  Aircraft – 218%; Railway – 297%

• Cardiometabolic disease risk per 10 dB increase
above 53 dB (Van Kempen et al., 2018)

• Hypertension from road traffic: 5% 

• IHD from road and rail traffic: 8% 

• Stroke from road traffic: 14%

• Diabetes from road traffic: 8%

• Cognition (Clark and Paunovic, 2018)





NOISE MAPPING IN CANADA



TORONTO NOISE 
STUDY

Category Indicators

Transportation Length of major roads

Length of all roads 

Distance to railways

Length of railways 

Streetcars

Bus routes 

Nighttime bus routes

Distance to Pearson Airport 

Land use Commercial

Government and institutional

Open area

Parks and recreation

Residential

Resource and industrial

Waterbody

Land use entropy 

Land cover Tree canopy

Grass/Shrub

Bare earth

Water

Buildings

Roads

Other paved surfaces

Agriculture 

Vegetation Normalized Difference 

Vegetation Index (NDVI)

Demographic Population density 

• Propagation model based 

on known traffic emissions

• Standardized model (US 

FHWA)

• Traffic volumes, speed, 

composition, topography, 3D 

building representations, 

ground cover

• Geo-statistical ‘correction 

model’ for other sources 



TORONTO NOISE 
STUDY
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TORONTO NOISE 
STUDY

~60% of spatial variability in noise 
explained by road traffic 

Higher levels in sensitive areas and sites of 
concern

27% of residents exposed to 24-hour Leq 
65 dBA or higher

93% above WHO nighttime noise guideline 
(45 dBA)

Significant differences by socioeconomic 
status 



TORONTO NOISE 
RESEARCH AND 

POLICY 
OUTCOMES

City of Toronto Board of Health 
adoption of Action Plan

Board recommendations to Province 
for ambient noise regulation 

Development of Transportation 
Equity Opportunity Zones 

King Street Transit Priority Corridor 



NOISE RESEARCH IN CANADA

• High noise annoyance

• 20-33% in different areas of

Toronto (Oiamo and Stefanova, 

2020)

• 10.5% by traffic noise in urban 

areas across Canada (Michaud et 

al., 2022)

• Sleep disturbance

• Related to environmental noise

and specific transportation

sources in Montreal (Perron et 

al., 2016)



NOISE RESEARCH IN CANADA

• Cardiometabolic effects

• 6% increased risk of CHD mortality per IQR 
from traffic noise in Vancouver (Gan et al., 
2012) 

• Acute effects of noise on endothelial function
and HRV in Toronto (Biel et al., 2020)

• Traffic noise in Toronto increased risk of
diabetes and hypertenstion (Shin et al., 2019), 
MI and heart failure (bai et al., 2020)



NOISE RESEARCH IN CANADA

• Environmental justice: Strong associations between income and noise levels in Montreal 

(Dale et al., 2015) and Toronto (Oiamo et al., 2018) 



NOISE RESEARCH IN CANADA

Burden of disease (DALYs) per 100,000 from traffic noise in Toronto and London, Ontario, 2018 
(unpublished findings)

Outcome Toronto London

Ischemic heart 

disease
227 236

High Annoyance 574 563

Sleep 

Disturbance
388 862

TOTAL 1188 1662



WHAT'S NEXT? 

Mitigation in urban environment complex and diverse, 
but…

Traffic most 
significant 
source!!

Building forms 
and standards

Streetscape 
design

Regulation

Action plans 
and 

performance 
metrics 

Improved exposure assessment and access to health 
data continues to advanced research in Canada

Pathophysiological mechanisms for effects of stress and sleep disturbance



NOISE REGULATION: CANADA

Federal
• Air traffic, railroads, new highways

• Environmental Assessment Act, Transportation Act

2007, Motor vehicle emissions, occupational safety

Provincial

(Ontario)

• Stationary sources and transportation sources

• Environmental Protection Act, Envionmental

Assessment Act, Planning Act

Municipal
• Construction, residential and other activities

• Planning Act (e.g., zoning, Official Plans) and Municipal

Act (Bylaws) 



NOISE REGULATION: CANADA

• “Guidance for evaluating human 

health impacts in environmental 

assessment: noise” (Health 

Canada)

• Environmental Noise Guideline -

Stationary and Transportation 

Sources - Approval and Planning 

(NPC-300), Ontario 



NOISE 
REGULATION: 

NORWAY

• `Neighbour Act´, Public Health Act, Dog Act, Condo Act, 

Traffic Act, etc. etc….

• Building codes and development/planning regulations

• Pollution Act

• Can be enforced by local Health Unit

• All major emitters required to calculate residential

exposures every 5 years

• Detailed modelling required for indoor > 35dBA

• Mitigation required if indoor > 42 dBA
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REGULATION: 

NORWAY



NOISE 
REGULATION: 

NORWAY

• National Climate and Environment Goals 

• High noise annoyance reduced by 10% 1999-2020

• Reduce population with > 38 dBA indoor exposure

by 30% (2005-2020)

• National noise model maintaned by Statistical Bureau

• Emission-propagation model for road, rail and air 

traffic, industry and motorsport  



NOISE 
REGULATION: 

NORWAY

Population levels of annoyance estimated with dose-

response functions for individual sources



NOISE 
REGULATION: 

NORWAY

Currently…

• Determine source specific dose-response

functions from national survey 

• Identify appropriate exposure-based indicators

for noise annoyance and sleep disturbance

• Set new national goals 

• Harmonize with EU Noise Directive for 

assessment standards and requirements (e.g., 

CNOSSOS) 



KEY DIFFERENCES BETWEEN CANADA
AND NORWAY

• Legally binding exposure limits 

• National or provincial goals for improvement

• Standardized exposure and health impact assessment

• Integration into legal frameworks across transmission chain

(from emission to receptor)

• Public interest?



QUESTIONS OR COMMENTS?


