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Presentation Outline 

 Examine the origins and mechanics of storm transposition 
 

 Identify storm types seen in southern Ontario and the emerging 
dominance of summer thunderstorms as the largest threat to life and 
property in urban settings 

 

 Highlight recent examples from around the GTA of flash flooding 
impacts produced by high-intensity, short-duration rainfall events 

 

 Present the case for using observed storms to enhance our 
understanding of current and future flood risks, better inform capital 
investments in flood mitigation, and guide urban development        



The Concern 

 
 We are seeing more frequent, more intense and more damaging 

summer thunderstorm events across the GTA and beyond 
 

 Current design storms used in major drainage system design and 
floodplain delineation do not account for these and other 
potentially more severe storm events 

   

 Intensification pressures are being exerted on many urban areas 
that lack adequate stormwater quantity controls and have limited 
opportunities for enhancing flood resilience in a timely, cost-
effective and minimally disruptive manner 

 



Recent Intense Summer Thunderstorms 



Stationarity vs Nonstationarity 

 
 Stationarity in the statistical sense implies that the future looks like the 

past 
 

 The magnitude and recurrence frequency of intense, short duration 
summer rainfall events observed over the past 10-12 years are arguably 
distinct from events that occurred over the prior period of record 

 

 Nonstationarity implies that these more recent events are part of a new 
and developing normal reflective of our changing climate 



Definition 

 

 Storm Transposition is 
defined by the American 
Meteorological Society as “a 
technique used to establish a 
definite lower bound for the 
probable maximum 
precipitation by moving an 
observed depth-area-duration 
pattern from where it 
occurred to a place where it 
may reasonably be expected to 
occur”  



IDF Curves 

 IDF updates derived through climate 
model downscaling don’t generally factor 
in non-stationarity in hydro-climatic 
variables 

 

 Predicted increases in short duration 
intensities (1-2hr) determined through 
downscaling can fall significantly short in 
capturing the rainfall intensities observed 
in intense storm events seen across the 
GTA over the past 10-15 years 

 

 Precipitation projections produced 
through downscaling should not be used 
in isolation to  assess risk and manage 
water resources impacts in a changing 
climate 



IDF Projections for the 2050s 



History of Storm Transposition 

 US National Research Council (1988)  
 Development of transposed storm methodology for use in rainfall-runoff modeling is specifically 

recommended 
 Accumulated experience in transposing storms can produce guidelines that identify which storms are 

likely to produce the largest floods in particular types of watersheds 
 

 Illinois State Water Survey (1991) 
 Transposed storms provide the opportunity to model watershed response to a variety of infrequent 

observed events 
 Only transposed storm and simulated precipitation methodologies offer  the potential for comparing 

output from different models for severe flooding situations 
 

 US National Weather Service (1994) 
 Current probability-based methods for determining PMP are focused on station-based analyses rather 

than storm-based or basin-wide analyses.  Precipitation accumulations over a drainage basin are 
needed for flood calculations 

 The greatest disparities between generalized and site-specific PMP estimates occur for shorter time 
periods  and smaller drainage areas . Ground-truthed weather radar data is invaluable in these 
situations 

   
 

 



History of Storm Transposition 

 Ontario Ministry of Natural Resources (2002) 
 A flood produced by a specified meteorological event is determined by simulating the effects of that 

storm over the basin of interest 
 Where meteorological input to a model is derived from an observed storm it must be capable of 

operating at a time scale that synthesizes discharges at intervals relevant to the basin of interest. For 
small watersheds the required time interval may be very small  

 

 University of Wisconsin School of Civil and Environmental Engineering (2009) 
 Researchers have developed a modeling tool for transposing rainfall data from a recent damaging 

storm in one area to a nearby area 
 People who influence public decisions on flood protection are increasingly uncomfortable with 

statistically based predictions. They listen when made aware that a recent  storm that caused 
considerable damages 50 km away could just as easily happen in their local community 

 Most statistical modeling approaches to precipitation aren’t all that useful to municipal planners  
  

 Princeton University Dept of Civil and Environmental Engineering (2014)  
 Researchers used stochastic storm transposition (SST) to synthesize longer term rainfall records over a  

metropolitan area  
 SST lengthens the rainfall record by re-sampling rainfall from a catalogue of observed storms not only 

from the immediate location of interest but also from  the surrounding 3600 km² region 
 SST reveals that flood risk for larger watersheds is dominated by tropical storms while organized 

thunderstorms dominate flood risk in smaller watersheds   
 

 



Storm Transposition Mechanics 

 
 Design storms commonly used in flood 

risk assessment, are assumed to be 
uniform in space and highly idealized 
in time 

 
 ST uses spatial and temporal  rainfall 

variability derived from a catalogue of 
documented weather radar 
observations and tailors them to the 
selected watershed 
 

 For more information on transposed 
storm application see NOAA Climate 
Resilience Toolkit at data.noaa.gov 

   



ST Mechanics 

 Real-time weather radar (NEXRAD/EC)   
rainfall event data (timing/location/intensity) 
are obtained from a catalogue of extreme 
events relevant to the area of interest 

 

 Data from selected storms  are used in a 
hydrologic model to develop runoff-discharge 
measurements  

 

 Hydrologic model outputs are incorporated 
into a hydraulic model to generate water levels 
and flood inundation limits for each stream 
reach 

 

 Projected risks to properties and infrastructure  
are identified for use in decision making   



Storms Impacting Southern Ontario 

 General Storms 
 Can cover areas in excess of 1300 km² often encompassing several large watersheds 
 Generally steady rain with durations lasting anywhere from 6 hours to a few days 
 More frequently occur in Spring and Summer 
 

 Remnant Tropical Storms 
 Cyclone of tropical origin deriving its energy from the ocean surface 
 Storm tracks cover very large areas 
 Durations of 2 days or more during the Fall (Sept-Nov) 
    

 Local Convective Thunderstorms 
 Occur more frequently during summer  months 
 Cover contiguous areas typically no more than 500 km² 
 Durations are less than 6 hours and typically no more than 1-3 hours 
 Rainfall intensities can be higher over densely populated urban areas where peak 

runoff response times can be less than 30 mins  
 



General Storms 

Early May  2017 



2017 Spring Flooding Ottawa R  

 Extensive flooding of communities 
along the Ottawa R and at its 
confluence with the St Lawrence R in 
the Montreal area 

 High flows a result of ongoing 
snowmelt runoff coupled with heavy 
and prolonged rainfall over eastern 
Ontario and much of Quebec 

 Jan-Mar 2017 snowfall (173 cm) was 
28% above the long-term (30-yr) 
normal 

 105.8mm of rainfall in first 6 days of 
May compared to the 30-yr normal 
of 80.1mm for the entire month 

 Apr 2017 rainfall (147.6mm) was 2.3 
times the monthly normal  

 4500 homes impacted  
 3600 people evacuated  
 2600 Canadian armed forces 

personnel  called in to assist with 
sandbagging and other protective 
measures  
 

 As of the end of October 2017 
Ottawa’s rainfall accumulation had 
already surpassed all previous 
annual totals 

 4 of Ottawa’s top 10 rainfall years 
going back to 1873 (144-yr record) 
have occurred within the last 8 years 

 The July 2017 monthly rainfall was 
249.8 mm or 2.7 x the 30-yr normal 
of 91.9 mm 

 



 
 
 
 

Remnant Tropical Storms 

 
Hurricane Hazel 1954 
 

 225 mm of rainfall over 48 hours  
 16 Mile Ck, Credit R, Etobicoke Ck, 

Humber R, Don R and Highland Ck 
and smaller tributaries overflowed their 
banks 

 Official death toll – 81 
 1896 families left homeless 
 Max 1-hour rainfall intensity of 53mm 
 

Hurricane Sandy 2012 
 

 Greater potential damages compared to  
Hazel but stopping just south of the 
lower Great Lakes 



Remnant Tropical Storms 

Hazel 1954 Sandy 2012 



Toronto/Finch Ave Storm, Aug 19, 2005 



July 8, 2013 Storm 

 

 Storm footprint 500 +/-km²  
 Majority of rain fell in less than 2 

hours 
 Observed maximum 1-hour rainfall 

intensities exceeded: 
 90mm over 40 km² 
 80mm over  60 km² 
 70mm over  95 km² 
 60 mm over  140 km² 

 More than $1 billion in insured 
damages involving both riverine and 
basement flooding 



July 8, 2013 Storm Area vs Intensity (max 1-hour) 
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Contiguous Land Area (km²) 

July 8, 2013 Storm 
Land Area Coverage by Max 1-Hour Intensity Rainfall  

90mm over 40km² 



Flash Flooding 
Cooksville Creek – July 5, 2013 



Burlington Storm, Aug 4, 2014 

Overland storm 
footprint approx 
200 km² 
 
Total of 192 mm 
over 2-4 hours  
 



Burlington Storm, Aug 4, 2014 

 
 Major flash flooding 

impacts on properties 
located within the 
Appleby, Roseland,  

    Shoreacres and Tuck 
creek watersheds that 
drain directly to Lake 
Ontario 

 



Summer Storms  

Extreme Event Duration 
(hrs) 

 

Total 
Rainfall 

(mm) 

Max 1-Hour 
Intensity 
(mm/hr) 

Peterborough, July 14, 2004 5-16 250 87 

Toronto /Finch Ave, Aug 19,2005 2-3 153 117 

Hamilton /Stoney Ck, July 25-26, 2009 10-35 136 91 

Mississauga /Cooksville, Aug 4, 2009 1 68 68 

West GTA, July 8, 2013 1-3 126 96 

Burlington, Aug 4, 2014 2-4 192 ? 



Design Storms 

Duration 
(hrs) 

Total 
Rainfall 

(mm) 

Max 1-Hour 
Intensity 
(mm/hr) 

Hurricane Hazel 16-48 285 53 

Timmins Storm 12 193 43 

100-Year Storm 24 118 50 

Suggested 1-hr urban storm intensity 1 90+ 

Suggested 2-hr urban storm intensity 2 155 

• Current design storms are intended to address general storms and 
remnant tropical storms 
• They fail to address the high rainfall intensities characteristic of recent 
severe short-duration summer thunderstorms observed across the GTA 
and in other southern Ontario communities  



Communities At Increased Risk 

 
 Intense summer thunderstorms 

can cover contiguous areas up 
to 500 km²  

 This could encompass: 
 Burlington (187km²) 
 Oakville (139) 
 Mississauga  (292) 
 Brampton (265) 
 Pickering (232) 
 Ajax (67) 
 >80% of Toronto (630) 
 45% of Hamilton (1138) 

 
 



Comparative Watershed Drainage Areas 

Watershed Drainage 
Area (km²) 

CA 

Serson Ck 2.7 CVC 

Applewood Ck 4.1 CVC 

Sheridan Ck 10.4 CVC 

Joshua Ck 22 CH 

Petticoat Ck 27 TRCA 

Cooksville Ck 34 CVC 

Carruthers Ck 38 TRCA 

Black Ck 66 TRCA 

Mimico Ck 77 TRCA 

Grindstone Ck 99 CH 

Watershed 
 

Drainage 
Area (km²) 

CA 

Highland Ck 102 TRCA 

Etobicoke Ck 211 TRCA 

Duffins Ck 283 TRCA 

Bronte Ck 312 CH 

Rouge R 336 TRCA 

Don R 360 TRCA 

Sixteen Mile Ck 372 CH 

Humber R 903 TRCA 

Credit R 1000 CVC 



In Summary 

 

 Transposition of observed storm events provides an evidence-based approach for assessing 
the likely extent of future flood inundation, evaluating the effectiveness of investments in 
flood mitigation, and guiding development/redevelopment of urban communities    

 
 Determination of future flood risks in urban areas needs to recognize the importance of 

intense, short duration (1-2 hour) thunderstorms 
  
 Selection of locally appropriate design storms should be made jointly by the municipality 

and conservation authority and be subject to endorsement by the Province     
 
 
 
 



Thank You! Questions? 
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