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INTRODUCTION
The Canterbury earthquake sequence starting on 
22 September 2010 triggered widespread mass 
movements in the Port Hills area of Christchurch, 
New Zealand. The magnitude 6.2 Christchurch 
earthquake of 22 February 2011 in particular 
generated the largest ground motions ever recorded 
in New Zealand and as a result over 6000 boulders 
were released. Shortly after, the regulatory authori-
ties assessed the rockfall fatality risk for affected 
residential areas in order to develop an adjusted 
land zoning policy (Massey et al. 2012). Due to  
the inherent differences in identifying risk for static 
structures and for moving objects, this assessment 
was limited to people exposed in residential prop-
erty. However, many of these boulders also hit road 
sections across the Port Hills (Fig. 1). Since those 
parts of the studied road infrastructure are highly 
important for commuter traffic, local risk manage-
ment strategies would clearly benefit from quanti-
fying this threat.

METHOD
We used data derived by GNS Science and made 
available by the Christchurch City Council (CCC)  
as a geophysical basis of our risk assessment. These 
data include seismic and non-seismic rockfall rates 
which are derived from recorded peak ground 
accelerations during the seismic shaking, landslide 
databases and through field mapping; rockfall 
runout distances are calculated by comparing 
well-known empirical runout models that connect 
boulder stopping positions to the corresponding 
topographic setting; annual event frequencies are 
based on the NZ National Seismic Hazard Model 
and for non-seismic events on historical records. 
Additionally, we used online available GIS data  
of the local road network and a detailed dataset  
of traffic counts, published by CCC. Based on these 
data the probability of being hit by boulders was 
calculated for each road segment that intersects  

one or more rockfall hazard zones. The remaining 
figures needed for the risk equation were adopted 
from the literature.
The risk equation forms the conceptual basis of  
our assessment and defines risk as the probability 
of occurrence of an event times the expected loss. 
More specifically, both the annual collective risk 
and individual risk of being hit by rockfalls on the 
Port Hills‘ main traffic lines were calculated. Both 
risk terms were assessed by drawing on a well-
established method originally developed for evalu-
ating avalanche risk on high-alpine pass roads 
(Wilhelm 1997). In order to reflect the discontinu-
ous distribution of rockfall across the hazard zone 
(i.e. boulder will only hit certain points or follow 
one specific run-out path compared to the typical 
avalanche run-out behaviour) the original risk 
equation was adjusted. Three main tasks were 
addressed in detail:
 – quantifying the annual collective risk as well as  

 the individual risk of being hit by rockfalls when  
 travelling on the local road network;
 – identifying temporal dynamics of distinctly   

 vulnerable elements at risk (i.e. commuter   
 traffic) and calculating related variations in risk;  
 and
 – examining the specific case of waiting traffic  

 and the associated increase in fatality risk when  
 compared to moving traffic.

RESULTS
The results of this study provide first insights into 
rockfall fatality risks on main roads across the Port 
Hills. Road sections that are most prone to rockfall 
hazard were clearly identified in high spatial 
resolution. In addition, a closer look on the indi-
vidual risk of commuters addresses some of the 
challenges within the inherent static approach of 
the risk concept, namely the temporal dynamics  
in traffic flow. It was further shown that the main 
traffic line, Tunnel Road, is characterized by a 
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strongly diurnal variability including two traffic 
peaks when commuters drive to work and return. 
Similarily, road blockage by boulders and corre-
sponding waiting traffic are also responsible for  
a considerable increase of fatality risk. Several 
conceptual shortcomings in previous studies are 
linked to this issue, particularly with respect to 
simplifying assumptions repeatedly made during 
the risk computation. The results of this study 
highlight some of the most important aspects in  
this regard. Finally, the risk of being hit by rockfalls 
while travelling on these roads were compared  
to other risks faced (and tolerated) by the New 
Zealand citizens.

CONCLUSION
The spatio-temporal dynamics in rockfall risk across 
the Port Hills road network clearly show the 
inherent limitations of any static risk assessment. 
Fatality numbers in the Port Hills were low during 
the 22 February 2011 event because the earth-
quake hit around noon when most people were at 
work; it is shown that similar ground shaking 
intensities occurring during rush hour are likely to 
cause several fatalities on the main roads. These 

risks are further increased as traffic jams are very 
likely to form after extensive road blockage.  
In addition, rockfalls hitting critical infrastructure 
not only pose fatality risks to its users but also 
affect the ability of emergency response teams to 
safely assess areas which otherwise would be cut 
off. This temporal aspect has yet to be incorporated 
into local risk management strategies. The clear 
identification of the road segments most prone to 
boulder hits can thus serve the authorities as 
decision support for any future mitigation works.
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Figure 1. Rockfall debris on a road section of Summit Rd (c) Julian Thomson / GNS Science, with permission
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