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Summary 

Between 2 and 6 pm the on the 27
th
 of November 2014 severe thunderstorm activity was observed in 

the South-East Queensland region. Two adjoining storm cells moving in a northerly direction 

subjected Brisbane and neighbouring suburbs to severe hail, damaging winds and localized flooding. 

A maximum gust wind speed of 141 km/h was measured at Archerfield Airport, however speeds 

were estimated to be approximately 40 to 80 km/h in other affected suburbs. Severe hail 

accompanied the storm (40 mm diameter typical). Hail damage to windows and subsequent water 

ingress was particularly high especially for older housing, with older window glass performing 

poorly against the wind-driven hail as compared to newer window glass. Another contributing factor 

was most likely due to the significant horizontal component in the trajectory of the hail caused by the 

strong winds.  

 

Most of the observed damage was due to hail, fallen trees and downed power lines. More than 

105,000 homes were without power due to 642 downed power lines (ABC News, 2014). Damage 

estimates by the state government were initially on the order of $150 million however this was later 

revised to over $1.0 billion, with over 100,000 insurance claims submitted (Insurance Council of 

Australia, 2015). 

 

A preliminary search of social media sites, including Facebook and Twitter, was performed to assess 

the types and severity of damage as well as their locations. S.BT
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1. Introduction 

Between 2 and 6 pm the on the 27
th
 of November 2014 severe thunderstorm activity was observed in 

the South-East Queensland region. Two adjoining storm cells, shown in Figure 1, moving in a 

northerly direction subjected Brisbane and neighbouring suburbs to severe hail, damaging winds and 

localized flooding. A maximum gust wind speed of 141 km/h was measured at Archerfield Airport; 

however speeds were estimated to be approximately 40 to 80 km/h in other affected suburbs. Severe 

hail accompanied the storm (40 mm diameter typical). Hail damage to windows and subsequent 

water ingress was particularly high especially for older housing, with older window glass performing 

poorly against the wind driven-hail as compared to newer window glass. Another contributing factor 

was most likely due to the significant horizontal trajectory of the hail caused by the strong winds. 

 

A preliminary search through social media sites including Facebook and Twitter was performed to 

assess the types and severity of damage as well as their locations. Following this, surveys were 

conducted on the 1
st
 and 5

th
 of December to assess structural damage and to compare the overall 

impact of the storm to what was reported by journalists and social media. 

1.1  Objectives 

Maximum wind speeds of 141km/h were recorded at the Bureau of Meteorology (BoM) Archerfield 

Airport automatic weather station (AWS). However, from the preliminary survey it was judged that 

the gust wind speeds in surrounding areas, where damage had occurred, were significantly lower. 

Data from amateur weather stations in surrounding suburbs were also found to indicate lower wind 

speeds. Most media reports had mainly cited only the 141km/h wind speed when reporting the 

impacts of the storm.  

 

The objectives of this study are: 

1. Estimate wind speeds in surrounding suburbs where damage occurred, using indicators 

such as leaf cover on trees, bent road signs and structural damage as well as an analysis of 

Doppler radar imagery. 

2. Where structural damage was observed, determine the nature and likely causes; e.g. wind 

speeds exceeding design, poor connection details, aged timbers etc.  

1.2  Survey Strategy 

Based on a preliminary media search, as described in Appendix A, a shortlist of suburbs to be 

investigated was made. This list was further refined thanks to advice from the QFES and data from 

the TOM database, discussed in Section 3 
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Figure 1: Estimated Storm Track  

Source: Bureau of Meteorology 

2. Estimated Wind Speeds 

From field observations it was determined that the wind speeds in most affected areas were 

significantly below the 141 km/h measured at Archerfield Airport. Indicators used were damage to 

street signs and leaf coverage on trees. It was found that even in areas where complete roof failures 

occurred there was still considerable leaf cover including flowers and seed pods as well as relatively 

undamaged palm fronds. No failures or damage to official street signage was observed due to plastic 

https://www.facebook.com/SevereWeatherAustralia/photos/a.279133602504.146166.261100802504/10152875312467505/?type=1&relevant_count=1
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2.2  Wind Speed Measurements 

Official winds speeds are measured at BoM Automatic weather stations (AWS) at 10m height, 

typically in open terrain. Wind speeds in suburban terrain are approx. 20% lower due to increased 

surface roughness. Due to the roughness of the earthôs surface, wind speeds also vary with height 

being lowest at ground level. Wind speeds cited in this report are at the standard 10m height unless 

otherwise noted. It should also be noted that these 10m height speeds do not account for factors such 

as shielding or topography that can increase or decrease wind speeds experienced by structures. 

 

Amateur weather stations have become popular in recent years and often upload their data to 

networks such as óWeatherUnderground.comô. These can be useful to identify high wind speed areas 

however; the accuracy of results cannot be verified. It is likely that such home weather stations are 

installed lower than 10m in height and may well be affected by either shielding or accelerating 

effects on the wind flow from adjacent buildings. 

2.3  Wind Field Assessment 

A preliminary assessment of the surface wind field has been made based on a combination of 1-

minute automatic weather station (AWS) wind speed and direction measurements, damage 

observations and BoM radar scans (Mt Stapylton rain and Doppler winds). The hypothesised wind 

field is also based on discussions with forecasters at the BoM. Subsequent information that may be 

released by the BoM, e.g. volumetric of dual Doppler scans, may provide greater insight into the 

wind field than deduced in this report. 

 

The strongest winds for this event are believed to have occurred within the stormôs Rear Flank 

Downdraft (RFD). More specifically they occurred during what appears to have been a re-

intensification of the existing downdraft that occurred as a result of intense rainfall and hail. Figure 2 

conceptually shows the downdraft structure of a supercell, with the location of the RFD and coupled, 

but less intense Forward Flank Downdraft (FFD) both shown. Unlike isolated microburst events, 

which have received much of the attention in wind engineering literature, Rear Flank Downdrafts 

occur over larger scales, e.g. 10-20 km, meaning they impact much larger areas than the former. 

Additionally, an RFD can generate a focused outflow that fans out primarily to one side of the storm, 

and often does not display a traditional omnidirectional divergence pattern. This said, smaller scale 

downdrafts are often imbedded within RFD outflows to generate small regions of high intensity 

winds. 
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Figure 2 Schematic diagram of the location of the Rear Flank Downdraft (RFD) and Forward Flank 

Downdraft (FFD) within typical supercell. Source: Wakimoto (2001) 

 

Figure 3 shows rain and Doppler radar images at 6 minute intervals between 4:18 pm and 4:48 pm 

(local time) as the RFD moved between Archerfield and the Brisbane Airport. Note that winds 

recorded by the Doppler radar differ from those reported by AWS anemometers in that they are 

measured at variable heights throughout the atmosphereðdependent on distance from the radar 

siteðand are subject to some level of spatial and temporal averaging (refer to Leitch et al. (2009) for 

further discussion). For reference, Doppler-
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Archerfield Brisbane 

Figure 4 Wind speed, direction, temperature, pressure and 1-minute precipitation recorded at the Archerfield 

Airport (left) and Brisbane (right) AWS stations. 

 

Rear Flank Downdraft 

Winds from the RFD are first viewed on the Doppler radar north of Beaudesert, with the outflow 

generating a diverging front that moves north and westward. There is some interaction of the outflow 

with existing outflow/s from previous storm activity in the area to the west of the developing 

supercell, but by 4:10 pm the outflow front reached Amberley Airforce Base west of Ipswich, 

genera
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By 4:15 pm the outflow front reached Archerfield Airport and there was a rapid increase in wind 

speed with an associated shift in wind direction from 30 degrees to 190 degrees as the anemometer 

went from seeing storm inflow to outflow (Figure 3 & Figure 4). A drop in temperature of nearly 

10°C is also observed over a 5 minute period as the front moves through the station. At this time the 
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Figure 5 Brisbane AWS site and surrounding terrain. Source: Google Earth 2014. 

 

 

 
Figure 6 Hypothesised wind field at 4:30pm (06:30 UTC) with the red line indicating the approximate 

posit
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By the 4:36 radar scan the heavy precipitation that was over Moorooka in the previous image has 

moved northward and reduced in intensity. The two high velocity wind regions appear to intensify 

and combine, which produces a large swathe of strong winds from just north of Archerfield all the 

way to the CBD. Over much of this region the Doppler reflectivity is in the 90 km/h band, suggesting 

(given the Doppler only measures radial velocities) winds of greater than this magnitude occurred 

throughout the regionðat the Doppler scan height. At this time the embedded outflow front reached 

the Brisbane AWS station, resulting in a shift in wind direction of around 150 degrees (Figure 4), but 

maximum wind speeds were not recorded for several minutes after this time. 

 

Two distinct high wind speed regions are again visible at 4:42 pm, with the northern one moving 

northward through the Clayfield-Chermside area, just behind the progressing north-east flank of the 

outflow front. The second region of high winds diverged north-westward through the Indooroopilly-

Toowong area and over the hills surrounding The Gap. The fact that these high wind speed regions 

are now wholly moving away from the storm itself suggests that the intensity of the downdraft 

feeding these outflows has most likely reduced. The reduction in precipitation in the downdraft 

regions (see radar imagery) corroborates this suggestion. Topographic speed-up and channelling may 

influence some of the observed wind speeds as the outflow moves over and through the hills around 

The Gap. 

 

In the final Doppler image shown (4:48 pm), the northern high winds region continues to move with 

the outflow front but has largely dissipated. The north-westerly moving high wind speed region is 

shown to continue diverging over The Gap and surrounding suburbs, and still appears to maintain a 

reasonable wind speeds through the area. This is backed up by a gust wind speed of 95 km/h (26 m/s) 

recorded at a ñWeather Undergroundò amateur weather station in Ashgrove (just near the entrance to 

The Gap). Note that this observation should be treated as indicative only as no information on the 



Cyclone Testing Station   Report TR60  

  

 

11  

Maximum Surface Wind Speeds  

Winds from the supercell outflows were felt across most of Brisbane with relatively strong winds 

also spreading west onto the Toowoomba ranges. However, based on Doppler observations, damage 

reports and measured wind data, it appears the strongest winds were felt by the smaller area affected 

by the re-intensified RFD outflow, either to the west of the storm or propagating to the north of it. 

Figure 7 shows the broad area affected by winds greater than 90 km/h (at scan level), as observed by 

the Doppler radar. The direction of winds throughout this area would have varied depending on the 

location of the storm at the time, but the majority of strong winds appear to have come from the 

south-east through south-west quadrant. Damage observations throughout the impacted regions 

(discussed in Section 4) also suggest a strong southerly component to winds throughout this entire 

region. Without having detailed information on wind direction at the time of observed high winds it 

is difficult to estimate the total velocities at scan height, but it appears that winds were not moving 

directly towards or away from the radar, so stronger winds than those reported will have been 

present. 

 

Figure 7 Envelope of areas with Doppler recorded wind speeds greater than 90 km/h. 

Base image source: Google Earth 2014.  

  

Despite the existence of Doppler measured velocities it is still difficult to make firm estimates of 

surface level winds based on these data alone. Thunderstorm outflows produce highly variable 

(spatially and temporally) vertical velocity profiles, and in general do not conform to the neutral 

boundary layer profile adopted by building codes. Studies (e.g. Gunter and Schroeder (2013)) show 

that depending on the outflow characteristics, surface winds can in fact be much stronger than those 

measured at elevations similar to the scan height. These very strong surface winds tend, however, to 

occur over small areas and for short periods of time. In addition, observational and experimental 

studies suggest that high surface winds can be associated with the impingement region of localised 

downdrafts within larger outflow wind fields. This is believed to have been the cause of the 39 m/s 
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gust recorded at Archerfield AWS. It is believed that this type of phenomena may have also 

contributed to the localised region of structural damage near the southern end of Coronation Drive in 

Toowong.  

 

Evidence suggests that the gust recorded at Archerfield was close to the maximum that occurred 

during the storm. Observations of damage to trees, signage, buildings and road signs around the 

airport show signs of diverging winds, suggesting downdraft impingement occurred in the area. 

Figure 8 shows the estimated direction of winds at a number of locations in the area. Some 

divergence to the east and west was evident, but no signs of complete reversal of winds (i.e. from the 

north) were found in the area. Similarly the Archerfield AWS did not record any reversal of flow. 

This is not uncommon for outflows that occur with fast moving storm systems, and/or within existing 

sheared environments (the latter can tilt the downdraft in the direction of flow). At the Archerfield 

AWS gust wind speeds greater than 100 km/h were sustained for 5 minutes, but dropped off rapidly 

as the outflow moved north of the site. Given there was no apparent intensification of wind speeds 

(as per Doppler imagery) as the storm moved north of this point, and that winds will have begun to 

be influenced by the rough suburban terrain, it is expected that wind speeds less than the 141 km/h 

recorded at Archerfield were recorded throughout the suburbs north of the airport. An absence of 

widespread structural failures also suggests this to be the case. 

 

 
Figure 8 Estimates of direction of strong winds in the Archerfield Airport area based on observed damage to 

buildings, trees and signage. Note that arrow length is arbitrary. Base image source: Google Earth 2014. 
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Figure 9
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4. Overview of Damage 

Teams from the CTS conducted surveys of streets and houses based on advice from the QFES, key 

observations included: 

 Most of the damage observed was due to hail, fallen trees, roof damage from fallen trees and 

branches and downed power lines. More than 105,000 homes were without power due to 642 

downed power lines (ABC News, 2014). Damage estimated by the state government was 

expected to reach $150m however this was later revised to exceed $1.0b (Insurance Council 

of Australia, 2015) This is likely to be mostly due to hail damage and water ingress as well 

as damage to cars.  

 Damage to glass facades due to hail were observed in many locations as well as damage to 

cars. Flash flooding was observed in Bowen H
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Figure 10: Loss of metal cladding and battens of an older house, original lead-headed nails were used to secure 

cladding to battens. 

 

 

 

 
Figure 11: Loss of cladding and battens of a church hall. Originally a tile roof, new metal cladding was fixed 

to every 3
rd

 existing batten 
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Figure 12: Loss of metal cladding and battens of a church. Originally a tile roof, the new metal roof was only 

secured to every 6
th

 timber batten. 

 

 
Figure 13: Loss of cladding and battens of an older home  new cladding had been installed onto the original 

battens 
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Figure 14: An example of complete roof loss of the top storey unit of a 3 storey apartment building (New 

roofing currently being installed). Original timber rafters had inadequate tie down to withstand internal pressure 

due to the breakage of a large Southern facing window. The unit was also 
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Figure 16: Damage caused by debris originating from a neighbouring apartment building. The tile roof, 

including the large south (windward) facing gable, appears otherwise undamaged  

 

4.3  Hail Damage and Water Ingress 

The level of hail damage to homes was especially high, causing widespread window breakage and 

subsequent water ingress. This can be attributed the significant horizontal trajectory of hail and the 

relatively poor performance of older window glass. Many streets were surveyed that had the majority 

of windows on the windward side broken; resulting in damage due to water ingress. This could be 

observed by damaged furniture and goods that were placed outside of homes for collection. Apart 

from the widespread damage to cars from hail, it is likely that water ingress would be a large 

contributor to insurance claims from this event. Common hail damage to roofs observed during this 

event included dented metal cladding, dented roof vents and broken skylights. Additionally, hail 

damage to both commercial and domestic air-conditioning units are likely to have amounted to a 

large number of insurance claims. 

 

The winds in the area had a significant influence on the direction of travel of hail and the impact on 

building performance. The most obvious evidence of this is that window damage far exceeded roof 

damage; suggesting that there was a significant horizontal component in the trajectory of the hail. 

Furthermore, windows on the windward side of the buildings (often to the south) were broken while 

windows on other sides were not. Even windows that were reasonably well protected by awnings 

were broken, again indicating the effect of wind on hail trajectory. It was also noted that where there 

was tile damage from hail, this was often on steeper tiled roofs. Once again this appears to illustrate 

that there was a significant horizontal component in the hail trajectory. 

 

Reports varied greatly on the maximum diameter of hail during the storm, The BoM reported 40mm 

diameter hail (golf ball size) in most locations and up to 70-80mm diameter hail in the CBD. Based 

on the building performance observed it is believed that the hail impacting buildings in the areas 

studied were indeed up to 40mm in diameter. Some hail may have been slightly larger but the 

damage that occurred is not consistent with hail of 50mm diameter or greater. Previous studies on 

hail damage also indicate that damage to tile roofs from hail only occur with hailstones greater than 

50mm in diameter (RMS, 2009).     
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Figure 22: Significant hail damage to air-conditioning units of a newer apartment building. Note that all 

windows are undamaged, even those without overhanging eaves (far left), once again indicating the improved 

performance of new window glass in comparison to older windows in adjacent buildings. 

 

5. Building Materials and Vulnerability 

The rapid damage assessment data from the QFES can also give an indication of the general building 

stock in the affected areas. Approximately 40% of records on housing (just over 1000 samples) 

indicated wall and roof type. From this it can be clearly seen that approx. 80% of houses had timber 

clad walls, 10% double brick or brick veneer, the remainder other materials. Metal clad roofs were 

the most popular; making up 73% of the samples followed by 24% for tiles and 3% asbestos. Timber 
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6. Conclusions and Recommendations 

From field observations of damage and analysis of Doppler radar imagery it is estimated that wind 

speeds were generally less than 100 km/h for the surveyed area, significantly less than the 141 km/h 

maximum recorded at Archerfield Airport. Therefore, estimated wind speeds for the areas surveyed 

were less than the Australian wind loading standard design level for Brisbane.   

 

Wind-driven hail had extensively damaged windows (predominantly from older housing) leading to 

damage to building interiors from the wind-driven rain. There was a noted difference in the 

performance of new window glass compared with older windows.  

 

In many cases where significant roof damage had occurred, this was due to (i) building age with rot 

in timber 1 4f1d4 
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A III 

 
The roof sheeting from this church has been torn off its battens. The roof appears to have been tiled before 

being replaced by metal sheeting. Photographer
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Damage aircraft hangar at Archerfield Airport, failure of a door, window or skylight may have contributed to 

the wall sheeting being blown off from the inside.  

Source: Brisbane Times, http://www.brisbanetimes.com.au/queensland/brisbane-live-friday-november-28-

2014-20141128-11vrwa.html 

 

 

 
Perforated roller door failure of the XXXX  Brewery, Milton. Source: Alex Tilbury, 

<https://twitter.com/hashtag/bnestorm?src=hash> 
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Hail damage to glass façade, Turbot St, Brisbane CBD. Source: Jessy Sahota <https://twitter.com/JessySahota> 
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Fallen trees on house, Orleigh Park West End. Source: 

http://www.brisbanetimes.com.au/environment/weather/violent-storm-lashes-brisbane-thursday-november-27-

20141127-11viro.html 
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Brisbane storm from Ascot. Source: Brisbane Times 

http://www.brisbanetimes.com.au/environment/weather/violent-storm-lashes-brisbane-thursday-november-27-

20141127-11viro.html 

 

 

 

 
Truck overturned at Archerfield. Source: Higgins Storm Chasing 

 

 

 

 


