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Public National Meteorological Agencies

• Responsible for issuing watches, advisories and 
warnings (WAW) for high impact weather based on 
interpretation of numerical model output, 
expertise, and monitoring of current 

conditions/trendsconditions/trends

• Primary outcome is ensuring health and safety of 
the public

http://www.weatheroffice.ec.gc.ca/warnings/warnings_e.html



Public National Meteorological Agencies

In terms of user (public) relevant WAW products…

• A few examples of explicit recognition of user-
relevant thresholds (e.g., revised windchill factors, 
UV radiation forecasts) UV radiation forecasts) 

• Much greater reliance on implicit or subjective 
interpretations of “high impact” or dangerous 
conditions is evident

• Little objective sense of baseline risks and 
influence of specific warning messages 
(precision+accuracy=behavioural change)



Winter Storm/Snowfall 
Warnings

5cm(2.5in) in 24h (snowfall warning)

25cm(10in) in 24h or 2 or more snowfall, 

ZR, wind…criteria met

7in(17.5cm) in 12h, 9in(22.5cm) in 24h, 

0.5in(1.3cm) ice, or combination heavy 0.5in(1.3cm) ice, or combination heavy 

snow, sleet, ZR

8/10in(20/25cm) in 12/24h (mtns.), 

6/8in(15/20cm) in 12/24h (lower elevts.)

4in(10cm), 0.5in(1.3cm) sleet, 

0.25in(0.6cm) ice, combination of snow, 

ZR

Source: NOAA, Environment Canada



Relative Injury Collision Risk (1984-00)

Relative Risk of Different Severities:All 28 Cities 
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Relative Collision & Injury Risk -
Ottawa (1996-98)

RELATIVE RISK

n* Collision Injury

All Events 240 1.74 1.60

No watch, advisory or warning
in effect within past 24 hours

207 1.80 1.68

Watch, advisory or warning in 33 1.40 1.18Watch, advisory or warning in
effect within past 24 hours

33 1.40 1.18

*event-control pairs

Source: Mills and Andrey (in preparation)



Public National Meteorological Agencies

In terms of user (public) relevant WAW products…

• A few examples of explicit recognition of user-
relevant thresholds (e.g., revised windchill factors, 
UV radiation forecasts) UV radiation forecasts) 

• Much greater reliance on implicit or subjective 
interpretations of “high impact” or dangerous 
conditions is evident

• Little objective sense of baseline risks and 
influence of specific warning messages 
(precision+accuracy=behavioural change)



Canadian Lightning Detection Network (CLDN)

http://www.weatheroffice.ec.gc.ca/lightning/index_e.html



Canadian Lightning Detection Network (CLDN)
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Literature Review



• Direct Hits

• Contact Voltage

• Splash or Flashover Voltage

Pathways to Injury

• Step Voltage



Literature Review

Source: Lewis (1997)

Psychological trauma? Secondary injuries (fire)?



Factors that Influence Exposure

• Temporal

Season, day-of-week, time-of-day

• Geographic & socio-demographic factors

More people, more CG lightning—more injuries

Outdoor recreation or employmentOutdoor recreation or employment

Young and male





Canadian Case Study

• Objective

Assess and quantify lightning-related fatality 
and injury risks in Canada

• Method: simple statistical analyses of multiple 
sources of readily available data

Official Canadian mortality and morbidity data

Database of media (newspaper) accounts

U.S. Storm Data 



Official Sources of Mortality and Morbidity Data
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Distribution of Canadian Fatalities by Province

Source: Statistics Canada, vital statistics



Canadian Institute for Health Information (CIHI)
Lightning-related Injuries



Council of Canadian Fire Marshals and Fire Commissioners 
(CCFMFC)

Injuries Associated with Lightning-ignited Fires



Analysis of Canadian Media Reports

• Review applications of technique for other hazards

Hazard events (Hewitt and Burton, 1971; Jones, 1993; Charlton et al., 1995; 

Ibsen and Brunsden, 1996;  Downton et al., 2005; Tarhule, 2005)

Frequency/return periods (Cutter et al., 2000; Downton et al., 2005; 

Schuster et al., 2005)

Damage trends (Dore, 2003; PSEPC;NOAA) 

• Identify searchable newspaper archives

Factiva; Toronto Star Group; Canada's Community Newspaper 
Association, Ontario Community Newspaper Association, and Quebec 

Community Newspaper Association)—460 in total

• Develop keyword search protocol

• Search for articles and develop report database

Casualty characteristics (i.e., age, gender), location (city and province), 

prevailing activity (e.g., golfing, camping, working), and extent of injury 
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Media Report Analysis: Temporal and Socio-
demographic Factors



Media Report Analysis: Temporal and Socio-
demographic Factors



Media Report Analysis: Temporal and Socio-
demographic Factors



Media Report Analysis: Temporal and Socio-
demographic Factors



Analysis and Transfer of U.S. Lightning Mortality and 
Morbidity Statistics
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Analysis and Transfer of U.S. Lightning Mortality and 
Morbidity Statistics

Estimates of average annual lightning fatalities from vital statistics (3.4) and the 

media analysis (3.8) based on 1999-2003 data fall squarely between the broad 

estimate of 1-5 deaths per year suggested by the transfer of U.S. casualty rates to 

Canadian provinces 



The Composite Picture: Lightning-related Mortality



The Composite Picture: Lightning-related Injuries

LOW estimate: 14.0 + 55.5*(low national inflation factor) = 92 injuries/yr

HIGH estimate: 14.0 + 55.5*(high national inflation factor) + 11.4 = 164 injuries/yr

Underreporting



Caveats/Discussion

• Difficulty associated with merging of disparate data sets

• Considerable interannual and regional variability relative 
to number of deaths and injuries

• Underreporting issues remain

Misclassification, indirect causes

• A better estimate…• A better estimate…

Still small risks that are concentrated in space, time, and by socio-

demographic profile (0.32 fatalities/3.3-5.2 injuries per million population



• About 9-10 lightning-related deaths and 92-164 injuries occur each year in 

Canada 

• Lightning mortality has declined significantly over the past century 

• The majority of lightning-related fatalities and injuries in Canada occur in 

Ontario. With the exception of B.C., the distribution of fatalities reflects 

current provincial population and CG lightning frequencies 

• Most lightning-related fatalities and injuries occur during the June-August 

summer season. The Thursday-Saturday period accounted for almost 55% of 

Summary

summer season. The Thursday-Saturday period accounted for almost 55% of 

all fatalities and over 70% of all injuries, most likely related to higher rates of 
participation in outdoor activities. 

• Most victims are male, less than 45 years old, and engaged in outdoor 
recreational activities when injured or killed in a lightning incident 

• Media reports used in the study were found to underestimate lightning 

mortality by 36% when compared to vital statistics. Morbidity was 
underreported by 20-600% relative to hospital statistics depending on the 

severity of injury included in the analysis. 



Summary

• Fires ignited by lightning are important secondary sources of lightning-

related casualties accounting for about 3 deaths and 15 injuries per year 

from 1986-2001 

• Although the relative risks may be small compared to chronic disease, 

motor vehicle collisions, etc., exposure to lightning and thus the potential 

risk of injury is very discrete and concentrated in terms of vulnerable 
activities, locations and time. This concentration makes the lightning hazard 

more ‘potent’ than annualized per capita estimates might suggest and, more 
importantly, allows one to target public risk-reduction strategies, information importantly, allows one to target public risk-reduction strategies, information 

and programs 



Recommendations/Next Steps

• Results from this study should replace current estimates of lightning 

fatalities and injuries used by Environment Canada and other federal 

departmental in various communications with the public and other 
stakeholders 

• EC should consider further development of the media report database to 

support CLDN operations and further research, including 

• In terms of continued research:

Study should be expanded as planned to investigate the social and Study should be expanded as planned to investigate the social and 

economic impacts associated with lightning-related property damage and 
service interruptions using a combination of data derived from media 

reports and sector-specific records. 

Further analysis of injury and fatalities at the storm level to discern 

additional finer-scaled risk patterns or associations between lightning 

and exposure

Major focus in both sets of studies should be on evaluation of risk or 

damage prevention measures, particularly those that relate to expanded 
or enriched use of the CLDN data by both public and private sector 
clients. 




