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SUMMARY 

For high-impact storm damage across Ontario and Quebec we discuss gust producing low-level processes. In May 

2022, a derecho affected densely populated regions of south-east Canada. The processes that cause derecho wind 

damage are not well understood. Convection resolving numerical models are capable of simulating the overall 

evolution of the associated thunderstorm systems, but uncertainties remain with respect to the fine-scale wind structure 

close to the ground. At the CSSL, a thorough damage analysis is available for the event. Here, we aim to find 

connections between a convection resolving model and a damage analysis. Modelled high wind intensity at 80 meters 

above the ground is compared to the damage intensity picture. We follow the work by Killion (2024) and distinguish 

individual downbursts, mesovortices, the rear inflow jets, and combinations of these processes using the WRF model. 

Additionally, we discuss which of these processes are dominant in the case presented. 
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1. INTRODUCTION 

In May 2022, a thunderstorm system affected densely populated regions of south-east Canada with 

the metropolitan areas of the Greater Toronto Area, Ottawa, and Montreal at the same day as it 

moved along a 1000 km path (Gatzen, 2025). This event affected nearly half of Canada’s 

population (TWN, 2025) and caused significant damage. Such systems may fulfill the criteria for 

derechos after (Johns and Hirt, 1987), e.g. when their damage path exceeds 400 km. Even though 

derechos have been studied in the last decades, the processes that cause the wind damage are not 

well understood. For example, convection resolving numerical models are capable of simulating 

the overall evolution of the associated thunderstorm systems, but great uncertainties remain with 

respect to the fine-scale wind structure close to the ground. Given that derechos are responsible 

for extreme winds and significant damage, they are likely important to design of structures 

(Roegner et al., 2024). Therefore, it is imperative to also understand the near-surface wind structure 

for engineering and whether the use of an isolated downburst (Fujita and Wakimoto, 1981) for 

simulation and modelling is appropriate.  

To better understand near-surface processes in both disciplines, assessments have typically focused 

on damage at the ground given the lack of observations (e.g., Fujita and Wakimoto, 1981). In this 

work, we aim to find connections between a convection resolving model and a damage analysis. 



 

 

For this, we follow the work by Killion (2024) and distinguish individual downbursts, 

mesovortices, the rear inflow jets, and combinations of these processes using the WRF model. 

Additionally, we discuss which of these processes are dominant in the case presented. The overall 

goal is to help bridging the gap between analyzed processes associated with modelled high wind 

intensity at 80 meters above the ground and the corresponding near-surface damage.   

2. DAMAGE DATA  

At the Canadian Severe Storms Lab, a thorough damage analysis is available for the event of May 

2022 that indicates highly variable wind intensity, with smaller areas of intense damage embedded 

in the large-scale damage path. Damage data is available from the Northern Tornadoes Project 

(NTP, 2022). Figure 1 shows localized damage from the 21 May 2022 derecho near Plevna, 

Ontario. For the damage in Figure 1, trees have fallen in generally in one direction and the length 

scale of this isolated damage is approximately 400 m. There are numerous examples of similar 

character of damage throughout this event.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Localized damage from the 21 May 2022 derecho near Plevna, Ontario 

3. WEATHER RESEARCH AND FORECASTING (WRF) MODEL 

A simulation-based methodology using the Advanced Research core of the Weather Research and 

Forecasting (WRF) model version 4.4 (Skamarock and Klemp, 2008) will be used to simulate the 

event. The output from WRF provides the necessary 4D data for mechanism identification and 

wind characterization as in Killion (2024). It also has the advantage over a purely idealized 

modeling approach in that it allows for time-evolving and spatially heterogeneous synoptic- and 

meso-scale forcings of the MCS event and wind generation. This modeling approach has a 

limitation, however, in that even the presumed best simulation will fail to perfectly replicate the 



 

 

actual event (although it is equally true that even the presumed best observations will fail to 

faithfully represent all details of the actual event).  

4. VORTEX AND FLOW FIELD ANALYSIS 

Mesovortices are small-scale vortices embedded in convective Systems such as QLCS, squall 

lines, bow echoes of derechos with a typical width of 1 to 6 km. Mesovortices can live several 

minutes to several hours. They are associated with damaging straight-line winds, tornadoes, and 

downbursts. In this work, we will analyze mesovortices and flow fields using the kinematic 

vorticity number method (Schielicke et al., 2016). At each grid point, rotational and deformational 

flow components are compared and a vortex is defined in simply-connected regions of prevailing 

rotation. The advantage of this method is that it allows to identify vortices of different scales and 

in different flow environments (such as high-shear) independent of vertical vorticity magnitudes 

and thresholds. Mesovortices will are tracked over time and their properties (circulation, size, 

lifetime) are analysed as well as their connection to wind speed. Flow fields will also be analysed 

with respect to their kinematic properties. 

5. RESULTS  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. WRF simulations from four derecho events in the United States. Mesovortex influenced winds denoted by 

arrows. From Killion et al. (in review). 

Work from other derecho events in the United States using WRF has shown long narrow swaths 

of higher winds from mesovortices (Killion et al., in review). An example of this is shown in Figure 

2. Initial comparisons are underway to determine which scales of damage from the 21 May 2022 

derecho can possibly be linked to storm-scale mechanisms such as mesovortices. 
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