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1. INTRODUCTION 

 
 

1.1 My full name is Matthew Charles Gerstenberger. I hold the position of Risk 

& Engineering Team Leader, Senior Seismologist at GNS Science. I was 

initially employed by GNS Science in September 1996. 

 

1.2 I hold the following qualifications:  

 

(a) PhD (Seismology) ETH-Zurich, Switzerland. 2003; 

(b) MS (Geophysics) University of Texas at El Paso, USA. 1994; and 

(c) BS (Geophysics) University of Kansas, USA. 1992.  

 

1.3 I am also a member of: New Zealand Society of Earthquake Engineering; 

Seismological Society of America; American Geophysical Union; 

Collaboratory for the Study of Earthquake Predictability (CSEP).  

 

1.4 I developed the first tool for estimating the changes in earthquake hazard 

through time where the results were disseminated as official government 

information. I developed this tool during my PhD and its aftershock 

forecasts were disseminated publicly on the United States Geological 

Survey (USGS) website from 2005 to ca. 2011. The website provided 

continual updates of the expected ground-shaking in the next 24 hours 

based on the occurrence of aftershocks.  Around 2011 the website was 

taken down for maintenance reasons when the USGS began working on a 

revised version of the modelling.  

 

1.5 I am also an initial member of the Collaboratory for the Study of 

Earthquake Predictability (CSEP). This group has established standards 

for testing of earthquake forecast models and has implemented testing 

centres globally to test forecast models. I contributed to the development of 

the testing methods and protocols for testing centres. I was involved in 

establishing the testing centres in California and New Zealand which have 

been in operation since 2007; I have consulted for the development of 

other international testing centres.  
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1.6 I contributed to the 2010 New Zealand National Seismic Hazard Model 

(NSHM) and am currently the leader of the project developing the next 

NSHM. 

 

1.7 I have been engaged by the Crown and the Christchurch City Council 

(Council) to give evidence in relation to the use by GNS Science of time-

dependent probabilistic seismic hazard modelling in relation to rockfall risk 

in Christchurch. 

 

1.8 To date I have not directly been involved with the Council on the project 

other than as a contributor to the rockfall modelling that was undertaken for 

reports prepared for the Council.  

 

1.9 I confirm that I have read the Code of Conduct for Expert Witnesses 

contained in the Environment Court Practice Note 2014 and that I agree to 

comply with it. I confirm that I have considered all the material facts that I 

am aware of that might alter or detract from the opinions that I express, 

and that this evidence is within my area of expertise, except where I state 

that I am relying on the evidence of another person.   

 

1.10 The key documents I have used, or referred to, informing my view while 

preparing this brief of evidence are the following, including the references 

contained within the documents: 

 

(a) Massey, C.I.; Gerstenberger, M.C.; McVerry, G.H.; Litchfield, N.J. 

2012 Canterbury earthquakes 2010/11 Port Hills slope stability : 

additional assessment of the life-safety risk from rockfalls (boulder 

rolls). GNS Science consultancy report 2012/214. 18 p;  

(b) Gerstenberger, M.C.; McVerry, G.H.; Rhoades, D.A.; Stirling, 

M.W. 2014, Seismic hazard modeling for the recovery of 

Christchurch, New Zealand. Earthquake Spectra, 30(1): 17-29; 

doi: 10.1193/021913EQS037M; 

(c) Rhoades, D.A.; Gerstenberger, M.C.; Christophersen, A.; Liukis, 

M. 2013 Utilising short-term and medium-term forecasting models 

for earthquake hazard estimation in the wake of the Canterbury 

earthquakes. GNS Science consultancy report 2013/141. 52 p; 
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(d) Mackey, B., and Quigley, M., (2014) Strong proximal earthquakes 

revealed by cosmogenic 3He dating of prehistoric rockfalls, 

Christchurch, New Zealand, Geology;  

(e) Cooke, R.M., and Goossens, L.H.J., 2000, Procedures guide for 

structured expert judgement, Report EUR 18820, Bussels- 

Luxembourg; and 

(f) Jordan, T., Chen, Y., Gasparini, P., Madariaga, R., Main, I., 

Marzocchi, W., Papadopoulos, G., Sobolev, G., Yamaoka, K., and 

Zschau, J. (2011). Operational earthquake forecasting: State of 

knowledge and guidelines for utilization, Ann. Geophys. 54, no. 4, 

316–391.  

(g) Stirling, M.W.; McVerry, G.H.; Gerstenberger, M.C.; Litchfield, 

N.J.; Van Dissen, R.J.; Berryman, K.R.; Barnes, P.; Wallace, L.M.; 

Villamor, P.; Langridge, R.M.; Lamarche, G.; Nodder, S.; Reyners, 

M.E.; Bradley, B.; Rhoades, D.A.; Smith, W.D.; Nicol, A.; Pettinga, 

J.; Clark, K.J.; Jacobs, K. 2012 National seismic hazard model for 

New Zealand : 2010 update. Bulletin of the Seismological Society 

of America, 102(4): 1514-1542; doi: 10.1785/0120110170. 

(h) McVerry, G.H.; Zhao, J.X.; Abrahamson, N.A.; Somerville, P.G. 

2006 New Zealand acceleration response spectrum attenuation 

relations for crustal and subduction zone earthquakes. Bulletin of 

the New Zealand Society for Earthquake Engineering, 39(1): 1-58. 

(i) Standards New Zealand, 2004, Structural Design Actions– Part 5 

Earthquake Actions –New Zealand. New Zealand Standard, NZS 

1170.5:2004. 

(j) Rhoades, D.A., McVerry, G.H, and Webb, T. 2012 Port Hills 

Rockfall Study – Additional Outputs, GNS Science Letter Report 

No 2012/152LR. 

 

1.11 In preparing my evidence I have also read the statements of evidence of 

Dr Chris Massey and Mr Tony Taig. 

  

2. SCOPE 

 

2.1 The specific parts of the Proposal that my evidence relates to are Priority 

Hearing 5 on the provisions regarding natural hazards (Slope Hazard) in 

the Christchurch Replacement District Plan. My evidence will cover the 
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hazard model input related to submissions addressing slope instability 

hazard and risk assessment work done by GNS Science.  

 

2.2 My evidence will also cover the following matters that remain outstanding 

or where some further discussion is required around my response to relief 

sought in submissions and further submissions: 

 

3. EXECUTIVE SUMMARY  

 

3.1 The level of seismic activity in the Christchurch region, post the 2010-2011 

earthquake sequence, is expected to be higher than the long-term 

average, now and for the next several decades. Higher seismic activity has 

the potential to influence the hazard posed by rockfall and mass movement 

events in the Port Hills.   

 

3.2 It is therefore necessary to understand the nature of this increased seismic 

activity, and how it is expected to change over time, in order to provide 

robust estimates of the risks associated with future rockfall and mass 

movement events. We developed computer models to provide these 

estimates; in the context of my evidence a model is a computational 

algorithm that implements our scientific knowledge and calculates the 

probabilities for a range of outcomes. 

 

3.3 Underpinning the rockfall risk estimates calculated by GNS Science 

(Massey, et al, 2012) and described in the evidence of Dr Chris Massey, is 

a Canterbury seismic hazard model (CSHM) for which I led the 

development (Gerstenberger, et al, 2014). This model estimates the 

amount of ground shaking for the Canterbury region for each year from 

2012 to 2061. The model is a collection of computer codes that output the 

following information for all years considered:  

 

(a) the number and location of possible future earthquakes; and 

(b) the predicted amount of ground shaking everywhere in Canterbury 

based on the possible earthquakes.  

 

3.4 The amount of shaking is different for each year and for different locations 

in Canterbury. The CSHM is an ensemble of previously existing and 
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statistically tested earthquake forecast component models. I consider that 

this model represents international best-practice in time-dependent hazard 

estimation and is consistent with the operational earthquake forecasting 

guidelines laid out in Jordan et al (2011). The model was constructed by an 

international panel of 14 experts using an elicitation procedure outlined in 

European Commission Procedures Guide for Structured Expert Judgement 

(Cooke & Goossens, 2000). 

 

3.5 To construct the ensemble model, the experts used knowledge of the 

individual component models including the results of statistical tests of the 

models against past earthquakes. Based on their knowledge, the experts 

provided their judgment on the relative contribution each component model 

should have in forming the CSHM. They did this for the models in three 

classes of clusters of earthquake events (“clustering”): short-term, medium-

term, and long-term. The model was developed specifically for the 

Canterbury region in response to the Canterbury Earthquake Sequence 

(CES). The individual models have been statistically tested against 

observed NZ and overseas earthquakes via the international CSEP.  This 

group has developed standards, methods and computer facilities for 

rigorous testing of earthquake forecast models.  

 

3.6 To predict ground motions for the rockfall study, a model was required that 

would predict the ground motion for all locations within the region based on 

the possible earthquakes. The McVerry ground motion prediction model 

was used (McVerry, 2006; Stirling, 2012; Gerstenberger, 2014) for this 

purpose; this is the same model as used in the NZ National Seismic 

Hazard Model (NSHM; Stirling, 2012) and NZS1170 (Standards New 

Zealand, 2004). After determining that predicted ground motions for three 

sites around the Port Hills were very similar, a final hazard curve for a 

single location was produced. 

 

3.7 My opinion is that the CSHM is realistically based and is not overly 

conservative. The Mackey and Quigley (2014) study is not able to 

distinguish if one or many rockfall events (i.e. a cluster) occurred within any 

1,000 year period, due to uncertainties in the dates they are able to 

calculate for the rockfall. Therefore the study does not inform us about 

what ground motions may occur in the next 50 years. The Tonkin and 
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Taylor submission (page 7, paragraphs 5-7) mentions the 

conservativeness, lack of physical evidence and incompleteness of the 

GNS Science rockfall modelling (e.g. Massey, et al 2012) and the aspects 

of the submission that I interpret to possibly relate to the CSHM are, in my 

opinion, incorrect. The CSHM is evidence based and forecasts the size, 

location and rate of future earthquakes. The CSHM parameters are 

informed by the CES, but the forecast earthquakes and ground shaking are 

not the same as have been experienced in the CES. 

 

4. BACKGROUND 

 

4.1 I have worked on a time-dependent seismic hazard model as part of a 

team at GNS Science. This model does not feature directly in the Natural 

Hazards Proposal for the proposed Replacement District Plan (pRDP). 

Rather, it underpins the rockfall risk modelling, on which I understand parts 

of the Proposal are based.  

 

4.2 The rockfall risk as the combination of hazard (e.g., likelihood of ground 

shaking or rockfall) and consequences (e.g. casualties); the seismic 

hazard model provides the earthquake hazard aspect of the risk model. 

The output from the seismic hazard model is a probability of ground 

shaking; this probability is a direct input to the rock fall risk modelling.  Dr 

Chris Massey's statement of evidence on the rock fall risk modelling 

explains the other inputs relating to the hazard (e.g. the physical 

characteristics of the source area), as well as the inputs relating to the 

consequences (e.g. how life safety risk was calculated). 

 

5. OUTCOMES OF CAUCUSING 

 

5.1 I confirm that I participated in the expert witness caucusing that took place 

on 12 and 13 January 2015, in the slope hazard group, and that I signed 

the two statements that were produced at the end of that session. The 

additional paragraph on the last page of the statement relates specifically 

to the hazard model and is of particular relevance to my statement of 

evidence. In summary, the four experts in this matter, myself, Dr Chris 

Massey, Dr Mark Quigley and Dr Mark Yetton, agreed that the level of 

conservatism in the model is appropriate. 
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6. EXPLANATION OF THE METHOD USED FOR THE GNS SCIENCE 

CANTERBURY TIME-DEPENDENT SEISMIC HAZARD MODEL 

 

6.1 The CSHM was developed by GNS Science, with me as the lead 

developer, in response to the expectation of continuing increased 

earthquake activity in the Canterbury region. This model has been used for 

several applications and was used to estimate the seismic hazard in the 

GNS Science rockfall risk estimates for the Port Hills. The CSHM estimates 

the time-dependent probability for a ground-motion of interest at any 

location within the Canterbury region. The CSHM is an ensemble of a 

number of different models. The models were combined by an international 

expert panel and the resulting CSHM comprises two main components:  

 

(a) the time-dependent earthquake rate model (ERM); and  

(b) the ground-motion prediction model (GMPM).  

 

6.2 The ERM is constructed of multiple models that capture different parts of 

the earthquake process and estimates a yearly rate of earthquakes for 

each year between 2012 and 2061. The GMPM calculates the range of 

potential ground shaking for each of the earthquakes forecast by the ERM.  

The results of the ERM and GMPM are combined to produce the final 

hazard estimates for any location within the Canterbury region. The CSHM 

applies international best practice, and the procedures used to develop it 

have been peer reviewed and published (Gerstenberger, 2014). I discuss 

the details of the process we used to develop the model and of the 

individual components below.  

 

7. GLOBAL STANDARDS FOR EARTHQUAKE FORECASTING 

 

7.1 I am unaware of any official standard that directly relates to the forecasting 

of earthquakes. However, following the destructive L'Aquila, Italy 

earthquake of April 6, 2009, where more than 300 people died, the Italian 

Department for Civil Protection appointed the International Commission of 

Earthquake Forecasting For Civil Protection (ICEF). The ten international 

experts of the ICEF developed guidelines for what they call "operational 

earthquake forecasting" in the report Operation Earthquake Forecasting: 
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State of Knowledge and Guidelines for Utilization (ICEF, 2011). Some key 

recommendations they make are: 

 

The public should be provided with open sources of information about 

the short-term probabilities of future earthquakes that are authoritative, 

scientific, consistent and timely. These sources need to properly 

convey the aleatory and epistemic uncertainties in the operational 

forecast. Experience also supports the following conclusions: 

 

- Earthquake probabilities should be based on operationally 

qualified, regularly updated seismicity forecasting systems. All 

operational procedures should be rigorously reviewed and 

updated by experts in the creation, delivery and utility of 

earthquake forecasts. 

- The quality of all operational models should be evaluated for 

reliability and skill by retrospective testing, and the models should 

be under continuous prospective testing against established long-

term forecasts and a wide variety of alternative time-dependent 

models. 

- Short-term models used in operational forecasting should be 

consistent with the long-term forecasts used in probabilistic 

seismic hazard analysis. 

 
7.2 In my opinion, the development of the GNS Science forecast model is 

consistent with these principles as outlined below. 

 

The Earthquake Rate Model 

 

7.3 It is known that earthquakes tend to occur in groups or "clusters": both in 

space and time. These clusters range from what are typically considered 

aftershocks, i.e., earthquakes occurring immediately and nearby a larger 

earthquake, to sequences of earthquakes that occur at larger distances 

and with larger gaps in time between earthquakes. The ERM is a 

combination of multiple models that are used to forecast earthquakes with 

different degrees of clustering in space and time. Following the September 

4th 2010 Darfield earthquake, and the subsequent CES earthquakes, there 

is anticipated to be continuing earthquake cluster activity. Below I explain 
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the three clustering classes into which I have categorised the sub-models 

which we have applied in the CSHM: short-term clustering, medium-term 

clustering and long-term clustering. 

 

Short-term time-dependent clustering 

 

7.4 One of the oldest relations in seismology is the Omori law, first observed in 

1894, which describes the temporal decay of aftershocks following a main 

shock. In the GNS Science ERM, we accounted for Omori-like aftershock 

clustering through two short-term time-dependent clustering models. The 

models we used for this are commonly known in the scientific community 

as the STEP and ETAS models. Both of these models allow for cascades 

of aftershocks that follow the Omori law; in other words, each aftershock is 

allowed to have its own sequence of aftershocks, and so on. The 

distribution of magnitudes of earthquakes is controlled by the Gutenberg-

Richter Relation which is another fundamental observation of earthquake 

behaviour and describes the proportion of small and large earthquakes.  

 

7.5 The specific implementations of the STEP and ETAS models are tuned to 

the behaviour of past aftershock sequences in New Zealand and represent 

the average behaviour of previous aftershock sequences; additionally, the 

STEP model is tuned to the behaviour of the earthquakes in Canterbury up 

to the time that the forecasts were produced. Both the STEP and ETAS 

models are accepted internationally and have undergone extensive testing 

and development.  

 

Medium-term time-dependent clustering 

 

7.6 Medium-term time-dependent clustering is a different phenomenon and is 

distinct from what is included in the aftershock models we have used for 

the short-term clustering. This more spatially and temporally expanded 

clustering is exemplified by earthquake activity in the Arthur's Pass region 

since the late 1970s. This clustering began in this Arthur's Pass region with 

a series of M4.0-M5.0 earthquakes in the 1980s and was followed by four 

earthquakes between M5.8 and M6.7 in the 1990s. Most recently there has 

been a M6.0 earthquake in January 2015. Such clustering is seen in New 

Zealand and other locations around the world. In the ERM we have used a 
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model developed and tested globally and tuned to New Zealand for the 

medium-term clustering contribution. This model is known in the scientific 

community as the EEPAS model and is  based on observations of how 

past collections of earthquakes relate to future earthquakes and uses three 

relations based on area, time and magnitude.  

 

7.7 It is important to understand that the earthquake rates forecast by the 

EEPAS model can only be increased by the occurrence of future 

earthquakes. The EEPAS results, on their own, can be considered a 

minimum number of earthquakes for the 50 year forecast.  Because future 

earthquakes have not yet occurred, they cannot be input into the model 

and therefore must be incorporated through other means. 

 

Long-term time-independent clustering 

 

7.8 An important consideration in the 50-year forecast of the CSHM is what the 

rate of earthquakes will be in Canterbury in 30, 40 or 50 years. 

 

7.9 To account for the uncertainty resulting from this, a range of models that 

forecast the same rate of earthquakes for each year were included in the 

ERM. The rates forecast by these models cover a wide range of possible 

outcomes. A lower bound rate for the Canterbury region is provided by a 

model that is equivalent to that used in the 2010 NSHM (Stirling, et al, 

2012) and does not include aftershocks; an upper bound rate is provided 

by a similar type of model that includes aftershocks. By using a range of 

long-term models in the ensemble we have accounted for a long-term rate 

that may be anywhere within the bounds. 

 

The combined/hybrid ERM 

 

7.10 As indicated in the ICEF report referred to in Section 7.1 of my evidence, a 

forecast needs to convey the uncertainty in the modelling. An important 

part of this uncertainty is that which comes from the range of different 

future earthquakes that are forecast by different forecast models. To allow 

for this uncertainty in the CSHM, we included contributions from all of the 

models discussed in the previous sections. To accomplish this, an 

international expert panel developed an ensemble of the models described 
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previously using the process described in Section 7.15. This ensemble 

model was developed  specifically for the purpose of forecast earthquakes 

for the Canterbury region.  

 

7.11 First, the models were combined within each class: short-term, medium-

term and long-term. Next the short-term and medium-term time-dependent 

models were combined and finally, the maximum of this time-dependent 

ensemble and the time-independent (i.e., long-term) ensemble was used 

as the rate for each one-year period. This process allows for the different 

scientific ideas represented by each model, i.e., uncertainty, to influence 

the results. The result of the ERM is a forecast number of earthquakes for 

each 0.1M magnitude unit between 5.0 and 8.0 in spatial cells of 0.1 

degrees in latitude and longitude. In other words, there is a forecast 

number for M5.0, M5.1, M5.2, and so on, up to 8.0. This is done for each 

year, and for each grid location within the CSHM. 

 

The NSHM Active Fault Model 

 

7.12 The previously described models are all based on input from the GeoNet 

earthquake catalogue which has recorded earthquakes from 1840 to the 

present. For seismic hazard analysis, a fault model with a longer record of 

larger earthquakes is typically used (e.g., a record of up to tens of 

thousands of years). For the CSHM, the fault model of the NSHM is also 

included. This model consists of approximately 500 faults mapped around 

New Zealand. Each fault has a plane that is anticipated to rupture and an 

estimated earthquake magnitude and recurrence interval for this rupture. 

Mostly large magnitude earthquakes of greater than M7.0 are represented 

in the fault model. Due to the number of smaller events forecast by the 

ERM, the fault model only contributes a small amount to the hazard. 

 

The ground motion prediction model 

 

7.13 For each earthquake that is forecast by the ERM, the model calculates the 

possible ground motions for any location in the region. This is done using a 

ground motion prediction equation (GMPE) as described in the following. 

We use the McVerry GMPE which is the same GMPE used in the NSHM 

(Stirling, et al, 2012) and NZS1170 (Standards New Zealand, 2004). As 
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with all GMPEs, this equation is developed from observations of ground 

motions from around the world, including New Zealand. For a particular 

magnitude earthquake, the equation predicts the range of possible ground 

motions at all distances; for each of the ground motions predicted, it 

provides the probability for the occurrence of this ground motion.   

 

7.14 In the CSHM, as produced by the international expert panel, two GMPEs 

were applied and combined using expert judgement: the McVerry model 

and the Bradley model. Ground motions need to be calculated for specific 

ground conditions at the location that is being considered (e.g. shallow soil 

or hard rock). The rockfall risk study (Massey, et al, 2012) required the 

ground motions to be calculated for shallow soil. When the rockfall study 

began, GNS Science did not have the Bradley GMPE available. Later it 

became available, however it was not included for the rockfall study 

because the associated site parameters (Vs30 and depth to 1km/s shear-

wave velocity) are not well constrained for the Port Hills. In addition, 

neither GNS Science nor the expert panel had evaluated the performance 

of the Bradley GMPE for the site conditions on the Port Hills. 

Consequently, the decision was made by GNS Science to continue using 

only the McVerry GMPE for the rockfall estimates. Due to the lack of 

understanding of the performance of the Bradley model for the site 

conditions in the Port Hills, not using the model was, in my opinion, the 

appropriate decision. I cannot comment on the effect of not using the 

model, because it has not been evaluated for the correct site conditions. 

 

The results of the hazard model 

 

7.15 The final result for the CSHM, as used for the GNS Science rockfall risk 

estimates, is calculated by combining the ERM and the GMPE. For the 

rock fall study, the final results of the CSHM are hazard curves (Massey et 

al, 2012; Gerstenberger et al, 2014). The hazard curves are calculated for 

a single site in the Port Hills and provide the predicted yearly rate for 

exceeding a range of ground motions for each of the 50 years from 2012 to 

2061. For the particular needs of the rock fall study, the ground motions 

were predicted in terms of Peak Ground Acceleration (PGA) in percent of 

gravity (g); PGA is a standard metric used in hazard calculations. As an 

example, the forecast rate of experiencing ground motions of 60% g or 
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more in 2012 was estimated as approximately 0.1 times per year. For 2061 

the estimated yearly rate had decreased to 0.03.  For context, a rate of 

roughly 0.5 indicates that something is more likely to not occur than to 

occur.  

 

 The Expert Elicitation Process and Standards 

 

7.16 I facilitated a group of fourteen international experts who participated in two 

expert elicitation workshops to develop the CSHM. The group included 

seismologists, geologists and engineers who were tasked with building a 

model specifically for the Canterbury region in response to the CES. The 

experts provided their individual opinion based on their professional 

judgement and informed by their knowledge of the models, the CES, and 

statistical tests of the models against past earthquakes. I have used a 

structured expert elicitation method that is outlined in the European 

Commission Procedures Guide to Structured Expert Judgement in the 

nuclear industry (Cooke and Goossens, 2001). This method is a non-

consensus method and does not require agreement from the experts. Each 

expert was required to provide their own judgement independently to 

capture the variability in judgement across experts.   

 

The no-aftershock model 

 

7.17 The rockfall risk report (Massey et al, 2012) includes a section on the so-

called 'no-aftershock model'. The genesis of this model is a letter dated 

31 May 2012 from CERA and the Council (see Massey, et al, 2012), where 

the following was requested of GNS Science: 

 

The extent to which risk would be reduced if occupants were to 
move out of their house for a period of time if there were to be 
another significant earthquake, thereby removing themselves 
from the risk associated with aftershocks arising from that 
event 

 
7.18 This reduced risk rate was estimated by first calculating the number of New 

Zealand earthquakes that have occurred following a Magnitude 5.3 

earthquake, where those earthquakes have been within 10km of the initial 

earthquake and roughly 100-200 days after the initial earthquake. 

Earthquake data between 1950 and 2012 was used. Approximately 30% of 
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all Magnitude 5.3 earthquakes fell within the parameters set out above. 

Therefore this model indicates that if we ignore “aftershocks” of this 

definition, the rate of future earthquakes can be reduced by approximately 

30%.  

 

7.19 This work was preliminary work and in Rhoades, et al, (2012) where this 

result was initially published, the following was stated: 

 
We need to emphasise that in this analysis we have adopted a 
simple approach based on the NZ earthquake catalogue data, 
rather than on more sophisticated modelling. To inform an 
effective evacuation policy a more detailed analysis would be 
required along similar lines to that in GNS Science 
Consultancy Report 2011/311. 

 
Statistical testing of the forecast models 

 

7.20 I consider that there is a good understanding of the forecasting skill of the 

individual models in the ERM. This has come through independent testing 

of the models in various CSEP Testing Centres and through testing 

performed by the individual developers of the models; CSEP Testing 

Centres have been established at multiple institutions around the world 

and are computational facilities that follow rigorous and community-

accepted protocols for testing earthquake forecast models.  

 

7.21 Prior to the development of the CSHM all ERM sub-models were 

undergoing evaluation in one or more CSEP Testing Centres in New 

Zealand, California, Japan and Italy. Additionally, the CSHM has been 

installed in the New Zealand CSEP Testing centre and a test of the model 

has been performed against past data. The CSHM, all of the sub-models of 

the ERM, and other models installed in the testing centre were tested on 

earthquake data from September 4 1986, when sufficient data became 

available to test the models, to September 3rd, 2012. The test used the 

same modelling procedure for all of New Zealand, including areas of 

seismic behaviour which were specifically not considered in developing the 

CSHM.  

 

7.22 The results of the retrospective test (i.e., a test against past earthquakes) 

indicate that the CSHM is likely to be more informative than any of the 
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individual models for Canterbury over the next 50 years. A test against only 

the CES earthquakes would have insufficient statistical power to provide 

useful information about the predictive skill of the model for the next 50 

years. The McVerry GMPE has been the GMPE used in the NSHM since 

2002 and hence has been evaluated against multiple datasets. Both the 

McVerry and Bradley GMPEs were compared to existing Canterbury 

strong motion data during the development of the CSHM. 

 

8. CONSIDERATION OF SPECIFIC SUBMISSIONS 

 

8.1 I have assessed the specific relief sought by specific submitters and further 

submitters, insofar as it relates to my area of expertise.   

 

8.2 Various submitters, including the Taylors Mistake Association Land 

Company [1059], submit that there is a perceived over-conservativeness 

of the predicted ground motions based on the Mackey and Quigley (2014) 

publication. Mackey and Quigley (2014) investigated paleo rockfall (i.e., 

rockfall that occurred in the past) in the Port Hills and suggested that the 

recurrence interval for ground shaking strong enough to cause such 

rockfall as recently observed in the Port Hills is in the order of 7,000 years. 

This is inconsistent with the ground motions predicted by the CSHM.  

 

8.3 It is my opinion that regardless of the scientific validity of the Mackey and 

Quigley (2014) study, their result does not inform what ground shaking we 

can expect in the next 50-years in the Port Hills. It does not provide 

support for a statement of over-conservativeness in the CSHM predicted 

ground motions. As the authors state, their method cannot distinguish 

separate instances of rock fall that occurred within a time-window of up to 

approximately 1,000 years and therefore it cannot help us to understand if 

multiple strong rockfall events occurred within any 1,000 year period.  

 

8.4 This is due to uncertainties in the dating of the rock falls and means that 

multiple rock fall events that occurred over a 1,000 year period will be 

counted as a single rockfall event. For example, an equivalent earthquake 

sequence to the current Canterbury sequence may have happened 

approximately 7,000 years ago; if this sequence caused multiple rockfall 

events spread out over 50-years (or more) in the Port Hills, it would be 
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observed as one paleorockfall event. In other words, there is now an 

earthquake cluster happening in Canterbury; this means that if another 

rockfall event were to occur in the next 50 years in the Port Hills, a future 

study similar to that of Mackey and Quigley (2014) would not distinguish 

this rockfall event from a rockfall event that occurred in 2010-2011. 

 

8.5 Tonkin & Taylor [970] have made several references to the 

conservativeness of the GNS Science work in their submission as 

indicated below. The GNS Science rockfall risk (Massey et al , 2012) 

contains two main modelling components:  

 

(a) modelling the probability of ground shaking from earthquakes; and  

(b) modelling the probability and consequences of rockfall given a 

level of ground shaking.   

 

8.6 My interpretation of the Tonkin and Taylor submission is that it addresses 

the rockfall modelling of which the ground shaking modelling is an integral 

part, but that it does not differentiate between them.  I have therefore 

addressed the perceived conservativeness from CSHM only, which is used 

to estimate the strength and frequency of the ground shaking. 

 

8.7 At page 7, paragraph 5 of the submission, Tonkin and Taylor state: 

"…directly based on the work in GNS Rockfall …, then we submit that the 

Hazard management areas are conservatively based." As I have discussed 

in this statement, the CSHM is based on international best practice and by 

using forecast models that have undergone rigorous testing.  In my opinion 

it is realistically based.  

 

8.8 At page 7, paragraph 6 of their submission, Tonkin and Taylor state: 

"Where speculations about future hazard are supported by little physical 

evidence, those hazards are assessed and given a similar, or more 

substantial, weight than those that are supported by physical evidence… 

As a result, the hazard/risk that appear to have been adopted from this 

work as also conservative".  That statement is, in my opinion, incorrect.  

 

8.9 The CSHM is evidence driven. It is based on observational models from 

past earthquake sequences, both in New Zealand and around the globe. 
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The models are derived from relations that describe earthquake clustering 

that is seen in earthquake data on the scale of decades. The GMPE input 

into the CSHM is also based on observations from earthquakes around the 

globe in the last 80 years. 

 

8.10 At page 7, paragraph 7, the submission states: "Conversely, hazards that 

did not manifest during the CES, but for which there might be clear 

physical evidence for, have not been included in the technical work to date. 

The technical work appears to have considered only the location where 

hazards manifest in the Port Hills as a result of the particular earthquakes 

that occurred during the CES".  

 

8.11 I disagree with this statement. The estimated hazard is based on forecast 

earthquakes, not on events that have already occurred in the CES. The 

CSHM forecasts the spatial locations of future earthquakes. It is the 

location, size and rate of these forecast earthquakes that is used to 

calculate the estimated hazard (e.g., PGA) for the rockfall report. 

 

 

 

Matthew Charles Gerstenberger 

13 February 2015 


