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1. INTRODUCTION 

 
1.1 My full name is Christopher Ian Massey.  My experience and qualifications 

are set out in my evidence in chief dated 13 February 2015. 

 

1.2 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.   

 

2. SCOPE 

 

2.1 My rebuttal evidence is provided on behalf of the Christchurch City Council 

in response to the evidence in chief and statements filed by the following 

parties: 

 

(a) Evidence in chief of Mr David Bell on behalf of Logan and Ng, 

Tripp, Gurnsey and Crane, Mason, Larson and Woodley (filed 

on 24 February 2015); and 

 

(b) Statement of Mr Ian Connor, on behalf of Connor and Woodley 

#289, 8 Balmoral Lane (filed on 20 February 2015). 

 

3. EVIDENCE IN CHIEF, MR DAVID BELL, FILED ON 24 FEBRUARY 2015 

 

3.1 My responses to particular statements made by Mr Bell follow the section 

numbering used by him in his evidence in chief. 

 

3.2 Paragraph 13: "I am satisfied on geological grounds that any area-wide 

rock fall/cliff collapse event must have preceded 6,000 years before 

present".  

 

3.3 I acknowledge the assumptions made and therefore the uncertainties of 

geomorphic indicators surrounding the "other geomorphic indicators of past 

cliff collapses in the Port Hills" set out in Section 7.9 of my evidence in 
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chief.  However, I disagree with Mr Bell’s statement for the following 

reasons: 

 

(a) The age of the relict marine surfaces (beaches) in the Sumner 

and Redcliffs area are not constrained; 

 

(b) There are large volumes of talus at the base of the cliffs in 

Redcliffs and Sumner that pre-date the 2010/11 Canterbury 

earthquakes. This debris is either on top of a relict beach 

surface, or interfingered with the materials forming this surface. 

The age of the material forming the beach surface and the 

relationship between the talus and these materials could, 

therefore, be used to infer an age for the talus. This could in 

turn be used to infer the timing of any event, possibly an 

earthquake sequence that caused the cliffs to collapse and the 

talus to form; 

 

(c) The work by McFadgen and Goff (2005)1 in "Bills" cave in 

Redcliffs, identified a shell layer within the cave, which they 

dated at 3,600-3,700 before present, and from this they infer 

the "maximum age for the old shoreline". It is therefore possible 

that the beach surfaces, and the talus, in the Redcliffs and 

Sumner areas are younger than the 6,000 years quoted by Mr 

Bell; and 

 

(d) Mr Bell ignores the rockfalls that occurred shortly after Maori 

arrival in the Redcliffs area that I mention in my evidence in 

chief, Sections 7.8 to 7.14, which may have been triggered by 

earthquakes.  

 

3.4 Given the uncertainties over the age of the marine surfaces, and nature of 

the talus, further work is currently being carried out in the Redcliffs and 

Sumner area by GNS Science, via a Natural Hazards Research Platform 

project "Quantifying the seismic response of slopes in Christchurch and 

Wellington", which is being led by me. 
                                                   
1
 McFadgen, B.G.; Goff, J.R. 2005. An earth systems approach to understanding the tectonic and cultural landscapes of linked 

marine embayments: Avon-Heathcote Estuary (Ihutai) and Lake Ellesmere (Waihora), New Zealand. Journal of Quaternary 
Science 20(3): 227-237. 
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3.5 Paragraph 14: "I do not accept that the engineering geological and 

geotechnical models that have been developed are necessarily correct on 

a site specific basis".  

 

3.6 I have always acknowledged that the risk assessments carried out by GNS 

Science were done so at the "area-wide" scale, and that there is a role for 

site-specific assessments to further refine the risk estimates (refer to my 

evidence in chief, paragraphs 6.23 and 6.31), provided the assessment 

follows an agreed format. The constraints of such site-specific 

assessments should also be acknowledged. (refer to my evidence in chief, 

paragraphs 6.24 to 6.30). 

 

3.7 Paragraph 18: "I am somewhat concerned at the comment by Dr Massey 

at Para 8.9, where he suggests that "….there is doubt locally and 

internationally as to how effective vegetation is at stopping rock fall". Wyllie 

(2015), in his book "Rock Fall Engineering", provides an introduction to 

recent European and Japanese research in this area, and it does not 

support Dr Massey’s contention."  

 

3.8 I disagree with this statement which is taken out of context.  Paragraphs 

8.7 to 8.10 of my evidence in chief, contains the correct context and 

relevance to my contention.  The correct context taken from my evidence 

in chief (paragraph 8.9) is: 

 

“Clearly vegetation in some areas of the Port Hills, vegetation – 

mainly mature trees planted close together in rows to form 

shelterbelts sometime in the 1970s – did stop boulders, and dense 

native forest in Lyttelton was effective at reducing the runout 

distances of rockfalls. However, for planning and regulatory 

purposes, I understand that the inclusion of such local factors in risk 

assessment is problematic as in many cases the vegetation providing 

the mitigating effect is not owned by the property it is protecting and 

both the land owners and the council have no control over the 

vegetation. There is also significant doubt locally and internationally 

as to how effective vegetation is at stopping rockfall. There is also 

the issue of vegetation being susceptible to fire and storms, and 
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ephemeral in the long-term which would render it ineffective during 

times of renewal.”  

 

3.9 Wyllie (2015)2 briefly discusses the effect of trees on energy losses, 

relating to rock falls.  The research Wyllie (2015) references indicates that 

there is significant doubt as to how effective vegetation is at stopping 

rockfall. In some cases it is effective and in others it is not, where the 

effectiveness depends on the density of trees (distance between them), 

and the tree-stem diameter (trunk thickness).   

 

3.10 Paragraph 19: "Dr Massey criticises 3D Hystone modelling carried out for 

Geovert Limited on behalf of CERA. Whilst some boulder runouts may 

have been underestimated, I would suggest that this is more to do with 

calibration of the model than with any weakness in the methodology."  

 

3.11 I agree with this statement, based on the model "calibration" issues I 

discuss in my evidence in chief at paragraphs 6.11 and 6.12.  I agree with 

Mr Bell’s statement that "some boulder runouts may have been 

underestimated". However, the review of this work carried out by GNS 

Science and Mr Don MacFarlane (Council expert witness) and contained in 

CR2013/103 showed that rockfall runouts were underestimated in many 

areas and not just “some” areas.  

 

3.12 Paragraph 24: "To extrapolate "future event lines" across a range of rock 

types and slope conditions, as has been done in the GNS modelling, is 

simplistic. At the rear of Redcliffs School, and underlying part of Balmoral 

Hill, a ~30m thick basaltic ignimbrite unit has responded differently to 

basaltic lava flows elsewhere on Balmoral Hill".  

 

3.13 In his statement Mr Bell does not refer to the detailed site-specific 

assessment of the Redcliffs slopes carried out by GNS Science and 

contained in report CR2014/784, referred to in my evidence in chief, 

paragraph 1.7).  In my opinion the independently peer reviewed site-

                                                   
2
 Wyllie, D. C. 2015. Rock Fall Engineering. CRC Press. Section 6.6. Pages 92-93. 

3
 GNS Science Letter Report CR2013/10 LR. 2013. Comments on the three dimensional (Hy-Stone) Rockfall Modelling. 

4
 GNS Science Consultancy Report CR2014/78. 2014. Canterbury Earthquakes 2010/11 Port Hills Slope Stability: Risk 

assessment for Redcliffs. 
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specific assessments carried out in this report follow "best practice" and 

are not simplistic. 

 

3.14 Paragraph 29: "I remain unconvinced that a thorough analysis of 

landsliding has been carried out, as there is only limited subsurface 

confirmation of movement (e.g. by inclinometer measurement)".  

 

3.15 I disagree with this statement for the following reasons: 

 

(a) Mr Bell does not give any evidence to support his opinion; 

 

(b) GNS Science has carried out detailed site-specific 

assessments of the Class I mass movement areas. These 

reports have been independently peer reviewed by 

international experts. Refer to my evidence in chief at Section 

1.7 (a) (viii) to (xiii) and Appendix 2 for a list of the site-specific 

assessments carried out by GNS Science; and 

 

(c) In many of the Class II and III mass movement areas, in my 

opinion, and the opinion of GNS Science’s independent peer 

reviewers, the deformation patterns mapped in the field are 

consistent with those relating to a landslide mechanism such as 

"slumping"5. 

 

3.16 Paragraph 30: I do agree with Mr Bell that thorough analysis of the Class II 

and Class III mass movement areas should be carried out, in order to 

confirm the mechanisms by which the significant cracks developed. 

 

3.17 I respond to Mr Bell's comments on specific properties below. 

 

3.18 Governors Bay Properties (paragraphs 31 to 35 of Mr Bell’s evidence in 

chief):  

 

(a) Mr Bell criticises the area-wide rockfall risk model and he 

asserts that the risk is overstated, but he does not quantify 
                                                   
5
 Slumping: defined as localised deformation of soil material and comprising zones of compression at the toe (bottom), 

translation in the middle and tension at the crest (top), and where the displaced mass stays relatively intact “coherent”. Please 
refer to GNS report CR2012/317 for details. 
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what he believes the risk to be at these sites, taking into 

account the site-specific features he discusses;  

 

(b) Mr Bell’s risk assessment, therefore, does not follow a 

consistent framework such as the framework given in 

Australian Geomechanics Society guidelines (2007)6; and 

 

(c) Mr Bell appears to believe that the risk is high as he 

recommends significant engineering works (a 30 m long, 3.5 m 

high bund) to mitigate the risk from rockfalls at 18 Hays Rise. 

 

3.19 6 Avoca Valley (paragraphs 36 to 38 of Mr Bell’s Evidence in Chief):  

 

(a) Mr Bell uses the "present probability of 5x10-5/year" result 

calculated using the 3D rockfall model RAMMS, and compares 

these to the AIFR estimated by GNS Science.  I do not 

understand how these two results can be compared as no 

information is given on the method used in his Appendix 4.  

 

(b) It is my understanding that "present probability" (paragraph 37 

of Mr Bell’s evidence in chief) relates to the model outputs 

presented in Appendix 4 of his evidence in chief.  These values 

relate to the probability distributions of modelled rockfalls 

intersecting a theoretical barrier. It is not possible to relate 

these results to the AIFR values estimated by GNS Science.  

 

(c) It is therefore not possible to update the area-wide GNS 

Science risk assessments with the results of the site-specific 

assessment carried out by Mr Bell.  Therefore Mr Bell’s risk 

assessment does not follow a consistent framework such as 

the framework given in AGS (2007)7. 

 

(d) It is my opinion that the results from the Geovert 3D and 

RAMMS rockfall runout modelling must be viewed with caution 

                                                   
6
 Australian Geomechanics Society (AGS) 2007. Practice Note Guidelines for Landslide Risk Management. Journal and News 

of the Australian Geomechanics Society 42(1). 
7
 Australian Geomechanics Society (AGS) 2007. Practice Note Guidelines for Landslide Risk Management. Journal and News 

of the Australian Geomechanics Society 42(1). 
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for the reasons detailed in my evidence in chief at paragraphs 

6.11, 6.12, 7.29 and 7.30.  

 

(e) Even though in Mr Bell’s opinion the risk is overstated, he 

nevertheless recommends either: 1) stabilising the rock-fall 

source area "bluff"; or 2) construction of a bund to stop rockfalls 

impacting the property.  

 

3.20 5 Hammerton Lane (paragraphs 39 to 42 of Mr Bell’s evidence in chief): 

 

(a) Mr Bell uses the "annualised probability of 2x10-3" calculated 

using the 3D rockfall model RAMMS, and compares these to 

the AIFR estimated by GNS.  I do not understand how these 

two results can be compared as no information is given on the 

method used in his Appendix 4. 

 

(b) It is my understanding that "annualised probability" (paragraph 

42 of Mr Bell’s evidence in chief) relates to the model outputs 

presented in Appendix 5 of his evidence in chief. These values 

relate to the probability distributions of modelled rockfalls 

passing through the site. It is not possible to relate these 

results to the AIFR values estimated by GNS Science. 

 

(c) It is therefore not possible to update the area-wide GNS 

Science risk assessments with the results of the site-specific 

assessment carried out by Mr Bell. Therefore Mr Bell’s risk 

assessment does not follow a consistent framework such as 

the framework given in AGS (2007)8. 

 

(d) Mr Bell states that the RAMMS model is calibrated. In 

paragraph 7.30 of my evidence in chief, I explain that this 

model is not yet commercially available. The software has been 

made freely available to practitioners for testing. In my opinion, 

the results from this model have not yet been rigorously 

assessed or peer reviewed to a same standard as the GNS 

                                                   
8
 Australian Geomechanics Society (AGS) 2007. Practice Note Guidelines for Landslide Risk Management. Journal and News 

of the Australian Geomechanics Society 42(1). 
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Science risk assessments and therefore, at present should not 

be considered as "fit for purpose" with regards to their use in 

risk assessment.  It is my opinion that such a model, once 

calibrated and independently peer-reviewed, would be useful to 

assess rockfall runout in the Port Hills. 

 

(e) Mr Bell uses the term "belt and braces" to infer the approach 

used to determine whether mitigation measures are needed to 

reduce the risk from rockfalls. I do not agree with this approach. 

I believe such assessments should be risk based, adopting a 

quantified approach that follows an agreed framework (such as 

AGS, 2007), for the reasons stated in paragraph 6.22 of my 

evidence in chief set out below: 

 

In my opinion the area-wide – at the slope/suburb scale – 

hazard and risk assessments that I co-authored for GNS 

Science provide a useful input to land use planning 

decisions. Detailed site-specific (at the individual house-

scale) assessments, carried out independently without a 

regional scale framework can result in inappropriate 

levels of advice and engineering works, because of, for 

example, differing expert opinions and/or assessment 

standards and frameworks followed and budgets. Area-

wide assessments therefore, in my opinion, provide 

frameworks that allow consistent and defendable 

application of the science in planning decisions.  

 

3.21 8 Balmoral Lane (paragraphs 43 and 44 of Mr Bell’s evidence in chief): 

Please refer to Section 4 below for my discussion relating to this property. 

 

 General comment 

 

3.22 I would like to make a general comment on Mr Bell's evidence in chief.  

Mr Bell has carried out several site-specific rockfall assessments in the 

Port Hills.  The results of these assessments have highlighted some of the 

known deficiencies, stated in my evidence in chief, associated with area-

wide assessments. 
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3.23 As far as I am aware, in all of the areas Mr Bell has assessed, he has 

recommended some form of mitigation, to reduce the risk from rockfalls. 

However, he has not quantified any change in the risk based on the site-

specific results, using a framework such as AGS (2007), nor does he show 

how effective his mitigation solutions would be at reducing the risk.  His 

reports do not appear to be independently peer reviewed.  

 

3.24 By not adopting a risk-based approach, I have a concern that the 

recommended mitigation works may not be appropriately designed. For 

example, the rockfall mitigation measures at 34 and 44 Raekura Place, 

Redcliffs, were overwhelmed by debris from the 22 February and 13 June 

2011 earthquakes. As far as I am aware, no peer reviewed quantitative risk 

assessment was carried out for these homes, even though they were both 

located on a talus apron at the bottom of a steep cliff.     

 

4. STATEMENT OF MR IAN CONNOR, FILED ON 20 FEBRUARY 2015   

 

4.1 I summarise the background to the issues at 8 Balmoral Lane below. 

 

4.2 8 Balmoral Lane is on the boundary between the cliff collapse risk 

assessment carried out by GNS Science for Redcliffs (contained in report 

CR2012/579) and the cliff collapse risk assessment carried out by GNS 

Science for the smaller cliffs elsewhere in the Port Hills (contained in report 

CR2012/12410). 

 

4.3 The GNS Science risk zones applied to the cliff top at 8 Balmoral Lane are 

mainly based on the cliff-top risk estimated by GNS Science for Nayland 

Street (detailed in the report CR2012/124) and not Redcliffs (in report 

CR2011/57).  This was done because the Nayland Street slope 

represented the upper end of the height range of the smaller slopes 

included in report CR2012/124, as it is acknowledged that lower cliffs may 

not recess as much during a given earthquake (they may not be shaken as 

strongly as higher cliffs).  

                                                   
9
 GNS Science Consultancy Report 2012/57. 2012. Canterbury earthquakes 2010/11 Port Hills Slope Stability: Pilot study for 

assessing life-safety risk from cliff collapse. 
10

 GNS Science Consultancy Report 2012/124. 2012. Canterbury earthquakes 2010/11 Port Hills Slope Stability: Life-safety risk 
from cliff collapse in the Port Hills. 
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4.4 There are no cliff-top recession data for the cliffs outside the pilot study 

areas although field inspections of some of the cliffs made by GNS 

Science and members of the Port Hills Geotechnical Group identified a few 

locations where about 1–2 m or more of the cliff edge had failed. To take 

the lack of data into account, a conservative approach was adopted and 

the Annual Individual Fatality Risk (AIFR) model from cliff-top recession 

calculated for Nayland Street (in the pilot study area) was used.  At 

Nayland Street the width of the AIFR zone is 4 m.  The AIFR within this 

zone is estimated to be more than 10-4/year. 

 

4.5 Cliff-top recession is likely to occur during discrete events. Therefore, if a 

portion of the cliff top collapses in a future event (e.g, an earthquake) then 

the AIFR zones will accordingly migrate parallel with the new cliff edge. 

 

4.6 To take these issues into account and to make the risk assessment robust 

to future cliff-top recession, "earthquake event" lines are shown on the 

maps in GNS Science reports CR2012/57 and CR2012/124. These lines 

represent the possible maximum recession position of the cliff edge given 

future earthquakes with associated peak ground accelerations in the 2.0 g 

range, similar to those on 22 February and 13 June 2011. These lines do 

not mean that the entire cliff in front of them, and extending to the cliff 

edge, is likely to recess, but that any given part of the cliff in this area could 

recess back to this line given a future event of this magnitude. 

 

4.7 Thus each line can be considered a worst-case scenario in an individual 

earthquake. The width of each earthquake event zone is equal to the width 

of the maximum cliff-top recession. For Nayland Street this width is 3–4 m. 

 

4.8 On 4 February 2014 CERA officials asked GNS Science to answer 

questions raised by Mr Ian Connor in a letter from him to Mr Roger Sutton 

dated 17 December 2013. The response of GNS Science to these 

questions was sent to Mr Connor on 4 March 2014 in the form of a GNS 

Science Letter report (CR2014/37LR11), contained in Appendix 1 to this 

Rebuttal Evidence.  Many of the issues raised by Mr Connor in his 

                                                   
11

 GNS Science Client Report CR2014/37LR. 4 March 2014. 8 Balmoral Lane, Christchurch: Land Zoning (in Appendix 1) 
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statement filed on 20 February 2015 were discussed by GNS Science in 

report CR2014/37LR and for this reason I have included it in Appendix 1. 

 

4.9 I disagree with the following assertions in Mr Connor’s statement filed on 

20 February 2015.  

 

4.10 Paragraph 2 of Mr Connor’s statement states that the process used in the 

zoning of 8 Balmoral Lane did not involve any site-specific inspection or 

investigation of the property and hence has been based on:  

 

(a) incorrect geological information; 

 

(b) incorrect assessment that mass land movement damage has 

occurred to the property; and 

 

(c) incorrect evaluation that there is earthquake damage to the 

property - there is no cliff-top recession. 

 

4.11 The reasons for my disagreement are as follows. 

 

4.12 I disagree that there were no site-specific assessments because: 

 

(a) I can confirm that field verification of the risk results was carried 

out by consultants of the Port Hills Geotechnical Group, 

including the slope below 8 Balmoral Lane;  

 

(b) I can also confirm that a field visit was carried out at 8 Balmoral 

Lane by Dr Mark Yetton on 29 November 2011. I am aware 

that Dr Yetton also carried out numerous "reconnaissance" 

visits to the site following each main earthquake (22 February, 

13 June and 23 December 2011 earthquakes) (refer to report 

CR2014/37LR); and 

 

(c) I have also been to the site several times during field visits that 

I have made in the Port Hills over the past four years. 
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4.13 I disagree that incorrect geological information was used because my 

understanding is that the cliff below 8 Balmoral Lane is formed of similar 

geological materials to other cliffs that failed elsewhere in the Port Hills 

during the 2010/11 Canterbury earthquakes. The two main rock types 

present below the site are the ones responsible for most of the debris 

avalanches and cliff-top recession that occurred further south towards 

Redcliffs. 

 

4.14 I agree that no mass land movement damage has occurred to the property 

because no cliff-top cracks were mapped on the property by either GNS 

Science or the Port Hills Geotechnical Group consultants.  One of these 

consultants, Dr Mark Yetton, carried out a detailed field inspection of the 

property on 29 November 2011 and no cliff-top cracking was evident at 

that time (GNS Science report CR2014/37LR).  Reconnaissance 

inspections were also made earlier by Dr Yetton, after each of the main 

earthquakes in 2011. 

 

4.15 Even though no damage may have occurred to the property during the 

2010/11 earthquakes, it is my opinion that there is a risk of cliff collapse at 

this site, which could in the future affect the property.  I come to this 

opinion by reference to the documented descriptions and advice specific to 

the site, including: 

 

(a) I understand that boulders did fall from the northern slope on 

22 February and 13 June 2011, indicating the slope beneath 

the property was unstable, like many similar slopes in the Port 

Hills (refer to CR2014/37 for photos); 

 

(b) I understand that scaling of the slope was carried out by 

Consultants URS Ltd between 19 October and 14 December 

2012 and the work package was signed off and accepted by 

Christchurch City Council on 8 March 201312.  However, it 

should be noted that the following statement is included in the 

work package made by URS Ltd: 

 

                                                   
12

 Port Hills Rockfall Risk Remediation, 8 March 2012. Completed Work Package Summary. Sector 3. Work Area 03R001SR. 
Christchurch City Council site reference: A131. 
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"It is recommended that the sections which are still 

slightly overhanging should be reviewed and possibly 

deconstructed (low energy blasting) to provide long-term 

stability and minimise the possibility of weathering or 

erosion destabilising these sections. A significant block 

was identified, which has well defined natural defects 

behind the boulder. As it currently stands, this boulder is 

well supported on a flat base and is wedged back into the 

slope. For long-term stability it is recommended that this 

boulder either be bolted in place or removed due to the 

open defects allowing a path-way for weathering. One 

issue with removing this boulder is that the top of the 

boulder is located just in front of or under the fence of the 

property above; removing this may undermine the 

property."   

 

(c) Mr Bell in his report13 (appended to Mr Connor's submission 

289) states that:  

 

"We strongly advise the rock anchor placement outlined 

in this report, however, to ensure long-term security of 

the house site and adjacent land". 

 

(d) The statement by Mr Bell, the statement by URS Ltd, and the 

observations of rocks that fell from the site during the 2010/11 

Canterbury earthquakes all imply that damage to the slope 

occurred during the 2010/11 Canterbury earthquakes and 

remediation works, comprising anchors (Mr Bell) or 

scaling/blasting (URS Ltd) are needed to stabilise the slope. 

 

(e) As per the summary contained in GNS Science report 

CR2014/37, it is my view that at present, it is not possible to 

rule out that collapse of the cliff edge at 8 Balmoral Lane could 

occur in a future earthquake, because, in my opinion:  

 

(i) Instability of the slope was recorded for the 22 February 

and 13 June 2011 earthquakes and URS Ltd, and Mr Bell  

have recommended remediation be carried out;  

 

                                                   
13

 Bell Consulting Limited. Cliff and Dwelling Stability – No. 8 Balmoral Lane – Christchurch. Letter dated 26 July 2014. 
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(ii) The dimensions of the slope are similar to other unstable 

slopes mapped in the Port Hills that had cliff-top 

recession during the 2010/11 earthquakes;  

 

(iii) GNS Science cannot anticipate where a future 

earthquake might occur below the Port Hills. A future 

earthquake with similar or larger ground accelerations to 

those experienced on 22 February and 13 June 2011 at 

8 Balmoral Lane could lead to a collapse from the slope;  

 

(iv) The slope is unlikely to be as strong now as it was on 22 

February and 13 June 2011 because of accumulated 

earthquake-induced fracturing and deformation of the 

rock mass. Hence the recommended remediation works 

by the consultants mentioned at paragraph 4.15(d) 

above; and 

 

(v) Stability assessments based on visual inspections alone 

are not adequate to assess how a slope may perform in a 

future earthquake. Refer to my evidence in chief dated 13 

February 2015, paragraphs 6.20 and 6.24. 

 

4.16 I therefore disagree that the evaluation of earthquake damage to the 

property was incorrect for the reasons given in paragraph 4.15 of this 

rebuttal statement. 

 

4.17 Mr Connor, in his statement filed 20 February 2015, has appended a report 

by ENGEO Ltd14 that estimates the risk from Cliff Collapse (cliff top 

recession), at this site.  The main results of this report are: 

 

(a) The cliff face below 8 Balmoral Lane appears to be man-made 

and shows very limited signs of instability.  

 

(b) The likely failure mode of the cliff is further cooling joint defined 

blocks falling off, and is therefore unlikely to affect the house.  

                                                   
14

 ENGEO. Geotechnical Risk Assessment for 8 Balmoral Lane, Redcliffs. ENGEO Reference: 11791_1 
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(c) Our risk assessment has been completed on a conservative 

basis and suggests that the annual individual fatality risk at the 

site is approximately 1.8 x 10-5, which is almost one order of 

magnitude below CERA’s limit of tolerability.  We therefore 

consider that the house at 8 Balmoral Lane is suitable for 

continued occupation. 

 

4.18 I do not agree with the results of the ENGEO risk assessment for the 

following reasons: 

 

(a) The risk assessment does not follow an independently peer 

reviewed methodology.  It is not possible to replicate the risk 

assessment method and results from the steps outlined in the 

report, as not every step has been discussed and the 

calculations given in the report in my opinion appear to be 

incorrect (page 8, paragraph 1: 0.019 x 100/(30 x 10) = 0.57, 

based on this equation the correct result should be 0.0063). 

The risk calculation does not appear to follow the 

independently peer reviewed method contained in the GNS 

Science reports (CR2012/57 and CR2012/124); and 

 

(b) In the GNS Science risk assessments, P(H) is a function of the 

volume of debris that could fall from the cliff in a future event 

and the annual frequency of that event occurring, spanning the 

range of events and representative volumes that could fall from 

the cliff. To estimate the area of cliff top that could be lost in an 

event, a ratio of the volume lost to the area of cliff top lost was 

used by GNS Science, based on measurements of failure 

volumes and areas lost from the cliffs in the Port Hills during 

the 2010/11 Canterbury earthquakes. Using this ratio, for every 

100 m3 (not 100 m2, as stated in the ENGEO report page 7, last 

paragraph) of debris falling from the cliffs about 1.6–1.9 m2 

(area) of cliff top could potentially be lost.  
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4.19 In my opinion the ENGEO report: 

 

(a) Incorrectly uses an area (m2) rather than a volume (m3) to 

estimate the area of cliff top that could be lost. In the GNS 

reports a range of failure volumes (and the associated cliff top 

areas lost) were used to represent the range of potential events 

that could fall from the cliffs. The ENGEO method does not 

appear to use a range of failure volumes nor does it appear to 

assess the risk from a range of events and associated volumes 

and areas of cliff top lost; 

 

(b) Does not state how the area lost, in a representative event, has 

been distributed across the cliff top, as the area lost reduces 

with distance back from the cliff edge; 

 

(c) Incorrectly calculates the probability of a person falling if 

present on an area of cliff-top that fails, because of (a) and (b) 

above. In addition, the person could be anywhere on the cliff 

top and not just confined to the dwelling; and  

 

(d) The values adopted by ENGEO to represent the probability of a 

person being present (occupancy) and vulnerability are 

inconsistent with those values used by GNS Science. In 

particular the ENGEO report recommends a probability of a 

person being present of 25% (page 8, paragraph 3) as the 

recession area is in the garden and therefore not occupied 

much. However, ENGEO previously calculated the probability 

of a person being present within an area of cliff collapse and 

falling using the dwelling footprint (page 8, paragraph 2) and 

not the garden.  

 

4.20 Based on (a) and (b) above, I consider the AIFR calculated in the ENGEO 

report is incorrect. 

 

4.21 I have carried out a sensitivity assessment of the cliff-top recession risk, 

using the peer-reviewed risk model adopting the Nayland Street data (from 

report CR2012/57), and then varied the following model assumptions to 
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those used in the ENGEO report. However, please note that GNS Science 

does not advocate using such values in the risk assessment; they have 

been used here for comparison purposes only: 

 

(a) Probability of a person being present (P person present) from 

90% (used in the GNS assessments) to 25% (as used in the 

ENGEO report);  

 

(b) Vulnerability from 100% (used in the GNS assessments) to 

75% (as used in the ENGEO report); and 

 

(c) Reduced the volume of debris leaving the slope (for each 

representative event) by a "random" factor of 10 (i.e. one order 

of magnitude reduction), to take into account the smaller nature 

of the cliff at 8 Balmoral Lane in comparison to the larger 

Nayland Street cliff.  

 

4.22 The results are shown in Figure 1 below.  All other values and 

assumptions (other than those stated in paragraph 4.21 above are 

consistent with those used in report CR2012/57 for risk scenario C. The 

results show that the risk is relatively insensitive to the given changes in 

values used by ENGEO.  

 

4.23 Even when the more optimistic (lower) values proposed by ENGEO are 

used in the assessment, along with the random reduction of the failure 

volumes that could source from the cliff,  the risk estimates do not reduce 

to below 10-4/year. 

 

4.24 Although not shown in Figure 1, the risk results, as discussed in report 

CR2012/57 are most sensitive to changes in the annual frequency of the 

representative earthquake events. For discussion on earthquake event 

frequencies please refer to Dr Matthew Gerstenberger’s evidence in chief. 

 

4.25 Based on this discussion I believe that, although the cliff-top recession risk 

at this site is possibly overestimated because this cliff is smaller than the 

Nayland Street cliff used to estimate the risk, the risk is still equal to or 
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greater than 10-4/year within a zone 3–4 m wide from the cliff edge, and 

taking into account the uncertainties associated with the risk estimates.  
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Figure 1. Sensitivity of the risk estimates at Nayland Street (from report CR2012/57) to 

changes in the values used for the given parameters in the ENGEO report . 

 

 

Dr Christopher Ian Massey 

27 February 2015 
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Appendix 1: GNS Science Client Report CR2014/37LR. 4 March 2014. 8 Balmoral Lane, 

Christchurch: Land Zoning 



Letter Report No: CR 2014/37 LR 
Project No: 430W4030 
 

DISCLAIMER 

This report has been prepared by the Institute of Geological and Nuclear Sciences Limited 

(GNS Science) exclusively for and under contract to Canterbury Earthquake Recovery Authority. 

Unless otherwise agreed in writing by GNS Science, GNS Science accepts no responsibility for any 

use of, or reliance on any contents of this Report by any person other than Canterbury Earthquake 

Recovery Authority and shall not be liable to any person other than Canterbury Earthquake Recovery 

Authority, on any ground, for any loss, damage or expense arising from such use or reliance. 
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 Institute of Geological and Nuclear Sciences Limited 

1 Fairway Drive, Avalon 

Lower Hutt 5010 

PO Box 30368 

Lower Hutt 5040 

New Zealand 

T +64-4-570 1444 

F +64-4-570 4600 

www.gns.cri.nz 

 
4 March 2014 
 
 
Ian Connor 
8 Balmoral Lane 
Redcliffs 
Christchurch 8081 
 
Attention: Ian Connor 
 
 
Dear Mr Connor, 

8 Balmoral Lane, Christchurch: Land Zoning 

On 4 February 2014, Roger Sutton of the Canterbury Earthquake Recovery Authority 
(CERA) passed your letter, dated 17 December 20131, to me. Mr Sutton asked me to answer 
the comments and questions in your letter that were relevant to the rockfall risk work carried 
out by GNS Science, in particular the work contained in GNS Science report CR2012/1242: 
Canterbury Earthquake 2010/11 Port Hills Slope Stability: Life-safety risk from cliff collapse in 
the Port Hills. 

We will respond to each of your comments/questions as they appear in your letter where we 
can, and where the question is relevant to the work GNS Science undertook for the above 
mentioned report.  

1. Comment: As we pointed out at the meeting, the re-zoning of our property appears to 
be the result of the misapplication of a suburb-wide risk model for cliff-top collapse, 
without local verification for the site at #8. 

Reply: The suburb-wide risk model (detailed in report CR2012/124) has been applied 
correctly to the slope below 8 Balmoral Lane. In the first version of the report the section of 
slope between 4 and 8 Balmoral Lane had wrongly been left off the maps, even though this 
section of slope had been assessed as part of this work. We sincerely apologise for this 
mistake. The mistake was brought to our attention by Don Macfarlane (chair of the Port Hills 
Geotechnical Group), on 4 December 2012, who advised us that this section of slope should 
be on the maps, as the homes at the slope bottom (Nos. 156 and 156A) had been issued  
 

                                                 
1  Letter to Dr J. Kuppec and J. Scott of the Canterbury Earthquake Recovery Authority, from Mr I. Connor of 

8 Balmoral Lane, Redcliffs, Christchurch. 17 December 2013.  
2  Massey, C.I.; McSaveney, M.J. and Heron, D. 2012. Canterbury earthquakes 2010/11 Port Hills Slope 

Stability: Life-safety risk from cliff collapse in the Port Hills, GNS Science Consultancy Report 2012/124. 
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with Section124 notices, as the slopes above them were assessed (by PHGG at the time) as 
being unstable and falling within the assessment criteria. The slope was therefore added to 
the maps in the GNS Report2 and used in the CERA re-zoning. 

2. Comment: There are no mass land movement effects on the land at #8. As pointed out 
to John Scott on 5th December, the two cracks in the carpark at the south side of our 
property, shown on the GNS mass land movement map 1, are not related to mass land 
movement, nor cliff stability. The cracks have been caused by the cracking and 
outwards rotation of the retaining wall at the north side of the carpark, as shown in 
attached copy of the damage claim e-mail we sent to EQC. 

Reply: No cliff-top cracks have been mapped on your property by either GNS Science or the 
PHGG consultants. Dr M. Yetton (PHGG consultant) carried out a detailed field inspection of 
your property on 29 November 2011, and no cliff top cracking was evident at that time. 
Reconnaissance inspections had been made earlier by M. Yetton, after each of the main 
earthquakes in 2011. 

3. Comment: The later GNS report2 specifically excludes “cliffs modified by man-
cutting…unless they were originally abandoned coastal cliffs” (Sec 1.3). The north cliff 
to #8 is wholly a manmade cutting for the road to Sumner, started in mid-1860s. It was 
progressively cut and stabilised as it was formed. 

Reply: We were aware when carrying out the work for the report2 that part of the slope below 
8 Balmoral Lane was a man-made cut, and that other parts were natural. It was decided by 
GNS Science and PHGG consultants that the slope should be included in the area-wide risk 
assessment for the following reasons: 

a. Although it is possible to make a judgement over which parts of the slope are 
natural/man-made – based on the 1940 aerial photographs of the site and field 
mapping – the cut was made over 100 years ago (over 150 years if we adopt the date 
of 1860, as stated in your letter). At that time rock-slope engineering practices were 
quite different to those used today. GNS Science is not aware of any engineering-
design details of “stabilisation works” relating to the cutting of this slope. In addition, 
100 to 150 years is a long time for a cut slope, and weathering processes, including 
unprecedented earthquake shaking can only have reduced the stability of the slope. 

b. Man-modified slopes were not assessed as stated in the GNS report2. The criteria used 
to identify and exclude man modified slopes from the assessment was: a) those that 
had been recently engineered – where there was evidence of e.g. rock bolts, dowels, 
mesh, dentition works or other engineering  works; and/or b) slopes that had been 
entirely formed by quarrying. 

c. The slope is greater than 10-m high and inclined at angles of greater than 45 (Figure 
1). Boulders did fall from the upper part of the slope during the 2010/11 Canterbury 
Earthquakes (Figure 2). Based on the dimensions shown in Figure 1, we have plotted 
the slope below 8 Balmoral Lane on the graph of other unstable slopes in the Port Hills 
that were identified, inspected and included in the risk assessment (Figure 3). This 
shows that the slope below 8 Balmoral Lane is comparable to the other similar unstable 
slopes elsewhere in the Port Hills. 
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4. Comment: The GNS reports and the CERA re-zoning map 4, base cliff top recession 
and fall risk on a 4 m setback from the cliff top. The GNS maps show the east cliff top 
at 2.3 m from the house. The actual measurement is 5.5 m, which puts the house 
outside the model-assessed cliff-top recession 10-4 risk zone. 

Reply: As far as we are aware, the CERA zoning policy adopted the dwelling footprint, which 
includes decked areas. The sections 1 to 4 (Figure 1) show the estimated distances from the 
slope crest – defined by a convex break in slope, where the angle below the break is ≥45. 
These distances are based on the July 2011 LiDAR topographic-survey carried out by New 
Zealand Aerial Mapping Ltd. (errors are estimated to be < 1 m). The measured distances are 
all less than 4 m (Figure 4). Four meters was the width of the life-risk zone, the CERA zoning 
policy at the time was the life-risk zone (of 4 m) plus an earthquake event line (an additional 
4 m), giving a total width of 8 m. Earthquake event lines represent the possible maximum 
recession position of the cliff given a future earthquake with ground accelerations similar to 
those recorded for the 22 February and 13 June 2011 earthquakes. These lines do not mean 
that the entire cliff in front of them, and extending to the cliff edge, is likely to recede, but that 
any given part of the cliff in this area could recede back to this line in a future event of similar 
magnitude. 

5. Comment: There has been no collapse or recession of either the north or east #8 cliff 
top line in any of the E/Qs. Only individual rocks fell off mid-height from north cliff in 
22nd February and 13th June 2011 E/Qs. No rocks fell off the east cliff in the 22nd 
February E/Q, only one boulder out of mid-height in the 13th June E/Q. Both cliffs are 
very stable now – no rocks have fallen out in subsequent aftershocks. 

Reply: It is correct that no cliff top recession was mapped at the crest of this slope by 
Dr M. Yetton (PHGG consultant) at the time of his inspection on 29 November 2011. This is 
the reason that no Section 124 notice was given to the dwelling (Dr M. Yetton, pers. comm.). 
However, it should be noted that the Section 124 application criteria was backward-looking, 
i.e., it only used evidence of damage that occurred during the earthquakes. The GNS 
Science risk assessment2 on the other hand is forward-looking; we discuss this in more detail 
later in this letter. 

Boulders did fall from the northern slope during the 22 February and 13 June 2011, 
earthquakes, indicating the slope was unstable, like many similar slopes in the Port Hills 
(Figure 3). Scaling of the slope was carried out by PHGG Consultants URS Ltd. between 
19 October and 14 December 20123 and the work package was signed off and accepted by 
Christchurch City Council 8 March 2013. However, it should be noted that the following 
statement is included in the work package made by URS Ltd. consultants: 

“It is recommended that the sections which are still slightly overhanging should 
be reviewed and possibly deconstructed (low energy blasting) to provide long-
term stability and minimise the possibility of weathering or erosion destabilising 
these sections. A significant block was identified, which has well defined natural 
defects behind the boulder. As it currently stands, this boulder is well supported 
on a flat base and is wedged back into the slope. For long-term stability it is 

                                                 
3  Port Hills Rockfall Risk Remediation, 8 March 2012. Completed Work Package Summary. Sector 3. Work 

Area 03R001SR. Christchurch City Council site reference: A131. 
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recommended that this boulder either be bolted in place or removed due to the 
open defects allowing a path way for weathering. One issue with removing this 
boulder is that the top of the boulder is located just in front of or under the fence 
of the property above; removing this may undermine the property.”   

It does not state in this work package3 that the slope is stable.  

Since the 13 June 2011 earthquake there have been only two further earthquakes – on the 
23 December 2011 – that are known to have triggered rockfalls. However, the epicentres of 
these earthquakes were many kilometres away from 8 Balmoral Lane and the recorded peak 
ground accelerations at the sensors closest to 8 Balmoral Lane were about 0.2 g (horizontal), 
compared to about 1 g and 0.8 g for the 22 February and 13 June 2011 earthquakes 
respectively. Therefore, absence of rockfalls in these earthquakes does not provide evidence 
that rockfalls will not occur in future earthquakes. 

6. Comment: The GNS report research and methodology is largely derived from study of 
the Nayland Rd cliff characteristics, verified with other cliff characteristics, The model 
developed in the reports is noted to be of only qualified relevance to low stable cliffs 
with only individual rock falls are: 

Reply: For cliff top risk zone estimated for Nayland Street was applied to these other slopes 
shown in the report2. This was done because the Nayland Street slope represented the 
upper end of the height range of those slopes included in the report2. It is acknowledged that 
smaller (in height) cliffs may not recess as much during a given earthquake. However, even if 
a 2 m risk zone was used (representative of slopes at the lower end of the height range), with 
a further 2 m for the earthquake event line, parts of the dwelling footprint of 8 Balmoral Lane 
would be on the edge of the combined risk zone. 

The debris avalanche risk assessment, however, relied entirely on data from those slopes 
discussed in the report2 and not the slope at Nayland Street.     

The GNS Science risk assessment is forward-looking, unlike the Section 124 process. The 
slope below 8 Balmoral Lane is not stable. This was shown by its behaviour during the 
22 February and 13 June 2011 earthquakes. There are still columns of basalt lava at the 
slope crest that have been described as unstable3.  

It has been noted on slopes elsewhere in the Port Hills (studies by GNS Science for 
Christchurch City Council) that the earthquakes have reduced the strength of rock masses by 
inducing fracturing and deformation. This has made them more susceptible to damage in 
future earthquakes and at lower peak ground accelerations.  

7. Comment: The latest GNS model2 for cliff top recession has still not been verified at 
more than “a few” local sites. There doesn’t appear to have been any verification of the 
model at #8, where its application is an aberration, as the #8 cliffs are lower and of only 
two stable rock types. 

Reply: Every slope included in the GNS Science risk maps has been field checked by the 
PHGG consultants including 8 Balmoral Lane (refer to Figure 4). Please refer to our previous 
comments. The “two stable rock types” are the ones responsible for most of the debris 
avalanches and cliff-top recession that occurred around the corner at Redcliffs.  



 
 
 
 

Page 5 of 10 

GNS Science 

8. Question: There is no evidence of any cracking or cliff top recession movement on the 
#8 property, apart from the unrelated cracking the carpark. There are no other cracks 
on the property, and there has been no movement of the house foundations. 

Answer: Please refer to our previous reply under comment 5). 

9. Comment: The minutes note that the “GNS Science model may locally over or 
understate life risk for particular properties, due to localised effects that were averaged 
out by area-wide models”. That appears to be exactly what has happened at #8. In the 
CERA rezoning announcement commentary 4, it states the risk to #10 Balmoral Lane 
is overstated. The #10 cliff referred to is contiguous with the #8 east cliff – it’s the same 
cliff, and it appears the life risk is certainly overstated. (Note – the #6 Balmoral Lane 
quarry cliff is on the other side of the #6 property from #8 so is not related to potential 
life risk at the #8 property). 

Reply: As far as we are aware 8 Balmoral Lane was reviewed by the Panel. Please refer to 
our previous reply under comment 3). 

10. Comment: The minutes re-iterate that the studies have not assessed “man-made cliffs 
in areas without pre-existing slopes, or cliffs that were not formerly coastal cliffs”. As 
above, it is not appropriate to apply the model to what Dr Keith Turner referred to, in 
the video presentation of the reasons for the zoning of our property, as the “gap” 
between GNS-assessed cliff collapse modelling on the east side of our property and 
the “quarry” cliff modelling on the west side of No.6 Balmoral Lane. 

Reply: Please refer to our previous reply under comment 3) 

11. Comment: The minutes re-state the GNS qualification that the model may overstate 
the risk to life from cliffs at just over 10 m height, and where the model has boundary or 
edge effects, which is the situation at #8. This was also stated In the CERA rezoning 
announcement commentary. 

Reply: This is correct the model may overstate the risk for slopes just over 10 m in height; 
however, please refer to our previous reply under comment 3) and Figure 3.  

12. Comment: We are not aware of any inspection of our property by Dr Turner’s review 
group, or site verification of the model conclusions, which may explain the apparent 
mis-application of the model to #8. If the group did inspect our property, it was without 
our knowledge. The original Green zoning followed extensive site inspection and 
verification by Port Hills Geotech Group geologists. 

Reply: Dr M. Yetton (PHGG) inspected the cliff top of your property after each of the main 
earthquakes and in more detail on 29 November 2011 and found no cracks. No Section 124 
notice was issued to 8 Balmoral Lane as there appeared to be no cracking at the cliff crest, 
and the Section 124 placement criteria were backward looking. However, D. Macfarlane 
(chair PHGG) notified GNS Science on 4 December 2012 that a mistake had been made and 
that the slope should be included in the GNS Science risk assessment as it fulfilled the 
criteria. The slope was subsequently included. 



 
 
 
 

Page 6 of 10 

GNS Science 

IN SUMMARY 

At present, it would be professionally unethical to say that collapse of the cliff edge at 8 
Balmoral Lane would NOT occur in a future earthquake. This statement is based on: 

 Instability of the slope recorded for the 22 February and 13 June 2011 earthquakes;  

 The dimensions of the slope are similar to other unstable slopes mapped in the 
Port Hills that had cliff-top recession during the 2010/11 earthquakes;  

 We cannot anticipate where a future earthquake might occur in the Port Hills. A future 
earthquake with similar or larger ground accelerations than those experienced during 
the 22 February and 13 June 2011 earthquakes at 8 Balmoral Lane – could lead to a 
collapse from the slope; and 

 The slope is unlikely to be as strong now as it was at the time of the 22 February and 
13 June 2011 earthquakes as a result of accumulated earthquake-induced fracturing 
and deformation of the rock mass. 

The GNS Science risk assessment is being used (with other information) by Christchurch 
City Council (CCC) to help them make robust land use planning decisions going forward. It is 
therefore possible that building in areas that were “red zoned” will become a cautionary 
activity. However, these decisions are still be debated by the policy makers. 
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Figure 1 Map and cross sections for 8 Balmoral Lane. The cross sections are generated from the July 2011 
airborne LiDAR survey and the orthorectified aerial photograph was captured by New Zealand Aerial Mapping 
Ltd. 
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Figure 2 8 Balmoral Lane, 24 March 2011, after the 22 February 2011 earthquake – note boulders at the 
slope toe. Photograph taken by C. Massey, GNS Science. 

 
Figure 2b 8 Balmoral Lane, 21 June 2011, after the 13 June 2011 earthquake – note boulders at the slope 
toe. Photograph taken by M. Yetton, Geotech Consulting Ltd. 
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Figure 3 Slope angle and height graph for those unstable slopes in the Port Hills that were included in the 
risk assessment contained in GNS Science report CR2012/124.  The slope at 8 Balmoral Lane – characterised by 
Sections 1 to 4, Figure 1 – are also shown for comparison purposes.  

 
Figure 4 Northwest corner of the dwelling at 8 Balmoral Lane (Figure 1), 29 November 2011. Photograph by 
M. Yetton, Geotech Consulting Ltd. The distance to cliff edge from the comer of dwelling is about 2 to 3 m. The 
cliff edge is to the left of the bushes, that are planted in Loess inland of the slope edge. 


