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Study estimates 2023 Canadian
wildfire smoke caused 82,000
premature deaths globally

VANCOUVER - Smoke from record-breaking Canadian wildfires i
acute deaths and about 82,100 premature deaths worldwide, a new study shows.
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Toronto C.L.E.A.R. Alert System - Quebec & Ontario Forest Fires - NAPS Air Monitoring Network

timated 5,400

BEFORE THE SKY TURNS ORANGE

Providing up to 92 Hours of Advance Warning for Wildfire Smoke
Hugo and Ryan

SYSTEM PERFORMANCE

96.4%
Det: Accuracy

Smoke from wildfires fills the air in Kelowna, B.C., Saturday, Aug. 19, 2023. THE CANADIAN PRESS/Darryl
Dyck

Figure 1: The C.L.E.A.R. system, a PM2.5 (wildfire smoke) ground monitoring

network. Image generated with Claude Al. Figure 2: Toronto Star reporting on the wildfire smoke event.
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PM2.5 Alert Level Scale

Figure 5: Statistically significant increases in burn area were identified, supporting the need for an early-warning PM, ; alert system. Data source: National Forestry Database, Natural
Resources Canada (2025). Regression analysis and image generated with Claude Al (Anthropic).

RESEARCH QUESTION
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Significant risk for all
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Emergency conditions

. : { Toronto Confirmation: PM2.5 > 20 pg/m3
When a monitoring station 100-600 km from Toronto records If Toronto exceeds this level within 5 days of the alert,
this level, wildfire smoke is present and an alert is issued the event is classified as a True Positive (smoke reached Toronto)

Can hourly PM, - measurements at distant air-quality stations accurately
predict PM, ; levels in major Canadian cities with enough lead time to issue
early warnings for wildfire smoke events?

METHODS

o 5 v 10 == hrendlis 79 Monitoring Stations Surrounding Vancouver Toronto Forest Fire Alert System — Validation Results
— Summer 2003-2023 | 36 classified events | 18 test cases | 37 fires (Ontario & Quebec)
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A single fire can produce multiple triggering events. Concurrent fires (e.g., Summer 2023) form a cluster analyzed as one test case.
False Positive (FP): A monitoring station issues an alert (PM2.5 > 40 pg/m?), but Toronto's PM2.5 stays below 20 pg/m?* — smoke did not reach Toronto.
True Negative (TN): A forest fire exists, but no station triggers an alert (PM2.5 stays below 40 pg/m?), and Toronto PM2.5 stays below 20 pg/m*® — system correctly did not alert.

ncouver Figure 11: Definitions used for historical validation. Image generated using Claude Al.
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 Analysis focused on the wildfire season (May-September) to isolate smoke-
related PM, . and exclude non-wildfire sources.
Correlation Analysis
 Statistical correlations were calculated between each target city (Toronto, (2 et mmmm 00 e
Vancouver, Edmonton, Montreal) and surrounding air-quality stations at varying & .
distances. s
e Stations were included only if all criteriaweremet: Lt T
* Correlation (R)= 0.30 e | -
+ Significance (P) < 0.001 e ke ’
« Sample Size (N) = 100 hourly observations =
Regression Modeling
* For each qualifying station, a linear regression model was constructed:
* Target city PM, . = Slope x Station PM,, . + intercept
* Hourly data were used because wildfire smoke typically travels 30-50 km/h,
requiring real-time-resolution detection
* Regression modes were used to calculate PM, - thresholds corresponding to
health-based alert levels in the target city.
4. Early-Warning System Construction
A 360° early warning network was built around each city using all qualifying
stations, providing smoke detection.
A triggering event occurs when a monitoring station records hourly PM, . = 35
ug/ma3.
Alert thresholds were derived from Canadian AQHI Risk Levels.
The final system identified 218 monitoring stations, providing up to 92 hours of

advance warning, depending on station distance.
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Event Distribution Events by Province
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Quebec TP: 11

11 events | 12 fires

VANCOUVER: 104 stations

(isolated fire or concurrent fire cluster). 18 test cases from 37 fires across Ontario (25) and Quebec (12).
ds threshold. One fire or cluster can produce multiple events over its burning period.

Events are classified per test case
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Image 12: Confusion matrix for historical validation. Image generated using Claude Al.

Figure 6: Scatter plot shows the relationship between station distance from the target city and PM, . Figure 8: Vancouver C.L.E.A.R. system. Map by Claude Al.

correlation strength (R). Correlation decreases with distance but remains sufficient for early
warning. Data source: NAPS Program, Environment and Climate Change Canada. Regression . E%Tgl;totn
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38 Monitoring Stations Surrounding Edmonton

Toronto C.L.E.A.R. System "

Early Warning Network Map y
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* The National Air Pollution Surveillance (NAPS) Program is Canada’s ¢ ° Figure 9: Edmonton C.L.E.A.R. system. Map by Claude Al.
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enable advanced smoke detection and early warning o Fre Novel Contribution: This project demonstrates for the first time that
Tor = 0.68x5tn + 0.7 . Canada's existing NAPS monitoring network can be repurposed as a
NAPS Stations per Province/Territory W t predictive early warning system for wildfire smoke, requiring no new
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Proven Reliability: Historical validation across 21 years achieved 96.4%
- SW SE detection accuracy with zero false alarms, providing 6—-48 hours of
100 advance warning for major Canadian cities.
: TORONTO: 37 stations «
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2 Figure 7: Air monitoring stations surrounding each city at varying distances provide 360° early-warning Figure 10: Montreal C.L.E.A.R. system. Map by Claude Al. Scalable Solution: This methodology can be applied to any city with
20 2w, coverage, detecting smoke regardless of wind directions. Map generated with Claude Al (Anthropic). sufficient surrounding monitoring stations, making it adaptable across
e RN W IE .- Canada and internationally.
provinee [erritory HOW THE C.L.E.A.R. EARLY WARNING SYSTEM WORKS: A Real Exa mple Climate Urgency: With wildfire activity projected to increase, early
348 13 102 warning systems are no longer optional—they are essential public health
S S Would C.L.E.A.R. have warned Toronto before the June 6, 2023, Smoke infrastructure.

: : : : : < 3
Figure 3: National Air Pollution Surveillance (NAPS) Program. 20 ug/m No precautions needed. event?
Graph generated using Claude Al (Anthropic). Moderate  21-60 ug/m*® Sensitive groups (children/elderly) avoid strenuous activities.
High 61-80 ug/m® Everyone should reduce physical exertion. N95 or KN95 mask. Keep a D\ F UTU R E WO R K

doors and windows closed. HVAC to recirculate. Run HEPA filter.

m >120 ug/m? | Halt all indoor pollution. No frying or sauteing. No vacuuming.

No candles. No wood-burning stoves.
Table 1: The early warning system alert scale and recommendations. Table created with
PowerPoint.

Yes - The Alert system would have worked
1stalert — Sudbury June 3 at 1:00 — 3.5 days advance warning
Toronto peaked at 97 pg/m* on June 6 at 12:00

Toronto schools could have had 3.5 days to cancel outdoor activities .

SYSTEM FLOWCHART

How the C.L.E.A.R. Early Warning System Works

* Integrate satellite smoke detection data for longer-range warning.

Test system performance during actual smoke events.

Advocate for expanded NAPS coverage in Saskatchewan, Manitoba and the
Northwest Territories.

Expand to additional Canadian cities.

Canadian Lead-time Early Air Response
Detecting Wildfire Smoke Before It Arrives
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AIR MONITORING STATIONS
100-600+ km away

CITY RECEIVED 6-48 HOURS P’
ADVANCE WARNING

Air Quality Health Index (AQHI) Risk Levels based on PM,, Thresholds

[ LOwW J [MODERATE ] [ HIGH ]
0-20 pg/m? 21-60 pg/m? 61-80 pg/m?®

before air quality reached hazardous levels on June 6, 2023.

~ 81-120 pg/m?

>120 pg/m?
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