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Speed/injury Risk Curves 

Analysis of evidence and considerations for updated curves 
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Background 

Many research studies have demonstrated the increasing risk of injury and death associated with 

increased speed or deceleration force. In order to visually represent these studies graphs of the 

relationship have been formulated and then simplified into graphics as an educational tool.  

Figure 1. Commonly used speed/fatality risk curves 

 

Some of the accuracy of the shapes of the curves was lost in order to make the diagrams easy to 

understand. The diagram commonly used (Figure 1) was based on one conference presentation by 

Wramborg (2005).  

Much of the earlier research was based on fleets and accidents in the 1960’s 70’s and 80’s.  

More recent research findings are reported within the context of:  

 modern fleets (better seatbelts, airbags, crumple zones, electronic stability control, antiskid 

braking, and other technologies),  



 large data sets especially of minor injuries  

 modern emergency services.  

Therefore a revised set of graphics to explain the relationship is appropriate.  

A review of the literature confirmed that more recent studies (e.g Figure 2 below) have risk curves 

that are generally less steep and inflect at higher speeds.  

 

Figure 2. The fatality rate of pedestrians in crashes with cars. (Rosen et al 2011) 

 

 

Pedestrian accidents are usually measured in terms of impact speed whilst side impact and head on 

injury crashes typically use delta-v (change in velocity immediately following impact). In order to 

have a consistent speed measurement delta-v has been converted to impact speed.  

Research has also explored the differences in risk by age and there is clearly a much higher risk of 

severe injury and death for those over 60. Typically double that of those under 60. Injury risk by 

vehicle type also shows a significant variance in outcome especially for pedestrians (Tefft, B. AAA). 

Some research studies do not include SUVs and trucks which provides obvious limitations.  

A major limitation is that many studies do not include data for individuals under-14 years of age, 

although in some that do, survivability is shown to be higher for this age group. Caution is needed 

when interpreting this though as the levels of protection may different for the different age groups. 

A child in properly fitted seat in the rear of a vehicle may have more protection than an adult driver 

in the front. It is almost certain that the data does not include driveway crashes where a child has 

been backed over.  

Other research (Gabauer and Gabler 2006) compared those wearing seatbelts in cars with airbags 

and those not wearing seatbelts in cars with airbags. In cars with airbags and seatbelts, at 15 m/s 

(54km/hr) those not wearing seatbelts have a 90% chance of serious injury compared to 40% for 

those wearing seatbelts (Figure 3). The risk curves for vehicles without airbags are likely to be higher 

again.  



Given the range of variables that might alter these curves, a more accurate depiction of risk would 

be a range rather than a line based diagram. 

 

Figure 3. Injury risk and seatbelt use.  

 

 

Improvements in emergency care, vehicle design and even pavements will over time further improve 

the survivability of accidents and therefore fatality risk curves are also likely to change. Based on 

this, an also the greater amount of data that is available for serious injury data, in the future severe 

injury based measures may be more useful. This would also allow greater alignment with Safer 

Journeys where the reduction of both fatal and serious injuries are an ultimate goal. 

 

Review of speed/injury risk curves 

Mackie research has completed a literature review and compared various studies to develop a new 

set of speed risk curves. From this analysis much less emphasis has been placed on earlier research 

due to issues around the fleet, emergency care and also earlier bias in the data towards severe and 

fatal injuries. All of the data sets have more data in the mid-range 40-80km/hr and less at higher 

speeds, which means that the confidence given the relationship between speed and injury risk at 

higher speeds is usually high. It would be preferable if the diagram could reflect this decreasing 

confidence at higher speeds. More recent studies have been used to develop potential risk curves 

for a new diagram. Each set of data represents the risk profile of a particular country and its fleet 

within the context of the healthcare system of that country. There will be variances in risk profiles by 

country due to these differences. 

Rather than using one data set, research from several different countries and studies have been 

used in order to attempt a more complete data set (Figure 4).  



 

 

Figure. 4 Speed risk curves for fatality and severe injury 

 

The existing commonly used diagram was focused on fatality risk. It is suggested that the new 

diagram use severe injury and fatality risk either separately or together. Generally, the risk of 

pedestrian fatal injury is at higher speeds than the original curves (to a surprising degree) and also 

the risks for side impacts and head-on accidents are much closer together than represented in the 

original diagram.  It will be difficult to achieve accuracy and a visually understandable diagram.  

As suggest earlier, there is considerable variance in risk of injury by  

 vehicle type (especially between cars compared with buses and trucks) 

 vehicle age  

 age of occupants/pedestrians 

 use of seatbelt and/or airbags 

 variances in the angle of the vehicles for side and head on impacts.  

 

For example, Figure 7 below shows that older occupants (60+) in side-on crashes have significantly 

higher risk of injury. The data also shows that the incidence of accidents in the lower speed ranges 

are much more common and therefore the confidence is much greater for lower speeds. 

 

 

 

 

 

 



Figure 7 Variance in injury risk by age for side impact crashes 

 

  



Revised estimated speed/injury risk curves 

These diagrams (Figures 6 and 7) are intended to summarise the known data for impact speed and 

risk of serious and fatal injuries. It should be noted that the true variability of circumstances possible 

in crash situations are not represented by the curves. For example, the pedestrian fatality risk curve 

does not increase sharply until impact speeds reach 60 km/h, yet in New Zealand we know that 

pedestrians have been killed by buses at approximately 30 km/h. For this reason a dashed line has 

been added to show the increased level of frailty in situations where elderly people or heavy 

vehicles may be involved. 

Figure 6. Fatality risk and impact speed potential diagram 

  

 

 

 

 

 

 

 

 

 



Figure 7. Severe injury risk and impact speed potential diagram 

 

 

Figure 8. Combined Severe and Fatality risk curves 

 

 

 

 

 



Discussion 

All studies show that speed is a major factor in the severity of injury and likelihood of death in 

pedestrian, side impact and head on crashes. The literature suggests that survivability has improved 

over time for any given speed, which poses a challenge when it comes to communicating the 

benefits of safer or lower speeds. 

However, no design project (in any discipline) should design to an average population profile. 

Human Factors and ergonomics design usually use 90%ile people (for whatever measure is 

important) for design criteria (e.g. aircraft seats, clothing sizes etc). It would make sense that design 

speeds also considered 90%ile collision situations (in terms of frailty). For example, for pedestrians, 

this might mean that an appropriate speed/fatality risk profile curve follows a profile that is relevant 

for older people and where heavy vehicles are involved. Interestingly if this approach was taken, 

then the curve would be very similar to the original curve proposed by Wramborg!!! 
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