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1. INTRODUCTION

1.1 My full name is Mark David Yetton.  My experience and qualifications are set 

out in my Evidence in Chief dated 13 February 2015.  This evidence is also 

prepared in accordance with the Environment Court Practice Note 2014.

2. SCOPE

2.1 This supplementary evidence is provided in response to a direction from the 

Hearings Panel (Panel) following a successful appeal to the High Court 

regarding the question of whether there should be a certification regime in 

respect of Cliff Collapse Hazard Management Areas 1 and 2 (CCHMA 1 & 2 

respectively).  The Panel has sought expert evidence as to whether this 

hazard is amenable to a certification regime, consistent with and/or in addition 

to the certification regime for rockfall hazards as determined in the Panel's 

decision for this matter dated 17 July 2015.

3. MATTERS CONSIDERED

3.1 In preparing this supplementary statement, I have considered and continue to 

rely upon the evidence that I provided to the Panel in respect to this matter, 

namely:

(a) Evidence in Chief dated 13 February 2015;

(b) Rebuttal Evidence dated 27 February 2015; and

(c) Supplementary Evidence dated 6 March 2015.

3.2 I have also read the statements of evidence other relevant witnesses provided 

to the Panel, being:

(a) Evidence in Chief of Dr Charles Ian Wright dated 13 February 2015;

(b) Rebuttal Evidence of Dr Charles Ian Wright dated 27 February 2015;

(c) Evidence in Chief of Don Macfarlane dated 13 February 2015; and

(d) Evidence of Thomas Richard Justice dated 15 December 2015.
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3.3 I have also read:

(a) the Panel's decision dated 17 July 2015, with particular regard to the 

certification regime for rockfall that the Panel directed be included in 

the Replacement District Plan;

(b) the decision of the High Court dated 27 November 2015 allowing the 

appeal by KI Commercial Limited; 

(c) the Panel's Minute dated 1 December 2015;  and

(d) the Memorandum of Counsel for the Crown dated 9 December 2015.

4. SUMMARY OF PREVIOUS EVIDENCE ON CERTIFICATION

4.1 I provided Supplementary Evidence dated 6 March 2015 on the possibility of 

rock source removal as a means to entirely remove rockfall (boulder roll) 

hazard, and ultimately permanently remove or modify rockfall hazard 

management areas 1 and 2 in the Replacement District Plan via a process of 

certification.  This should not be confused with rock removal as a means of 

mitigating and reducing rockfall risk, where the removal or some rock (or 

rocks) may form part of an overall mitigation strategy to reduce the risk but not 

to permanently address the potential hazard and seek change to management 

areas in the Replacement District Plan.

4.2 I stated my opinion that relatively few sites are amenable to rock source 

removal to permanently remove or reduce hazard.  This is because over time 

periods of years, to tens of years, rock weathers and moves incrementally.  

This process progressively opens rock joints and creates more loose rock at 

the outcrop or bluff face.  In addition, rock that has persistent, closely spaced 

and unfavourably oriented natural joints can still fail after excavation and rock 

removal under extreme earthquake shaking, despite an absence of obviously 

loose rock at the current exposure face (this is known as kinematic instability). 

4.3 There are two situations where rock removal may be sufficient to entirely 

remove hazard for boulder roll.  The first is where the rock source has a 

relatively small surface area, low slope angle, and is free of closely spaced 

joints.  In such situations it may be possible to remove all currently loose rock, 

and bury the rock surface under topsoil that will re-vegetate, thereby reducing 
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the extent and speed of future rock weathering.  It is important that the addition 

of soil on the cleaned off rock surface does not create a new soil slope stability 

hazard, and that is why the low slope angle is necessary for this approach to 

be successful.  This situation is very rarely the case in cliff collapse rock 

source areas where steep rock faces are the potential rock source.

4.4 The second situation that I outlined in my Supplementary Evidence of 6 March 

2015 is where a steep or overhanging rock face has been entirely removed by 

milling, rock breaker excavation, or carefully designed and supervised blasting.  

It is this second situation that may be potentially applicable in limited cases for 

the permanent removal of cliff collapse hazard.  The resulting face needs to 

have had sufficient rock removed to be entirely cut back into undisturbed, fresh 

and undilated bedrock and not be left so steep as to have rock under 

significant tensional loading (i.e. cut batters less than 45 degrees, overall slope 

45 degrees or less).  Benching to create flat intermediate surfaces where small 

rock can fall and come to rest is often an important component in this 

engineered approach.  Clearly benching tends to be large scale works, 

relatively expensive, and can potentially be very disruptive to existing 

vegetation, soil stability and surface water runoff.  Works of this type require 

careful evaluation, design, and supervision.

4.5 In both cases I recommended the work should be evaluated, designed, 

supervised and signed off by an appropriately qualified and experienced 

engineering geologist and a chartered geotechnical engineer.  The works, 

once complete, should be independently peer reviewed by similarly qualified 

practitioners.  Both groups (designers and peer reviewers) should clearly state 

that in their professional opinion the hazard has been permanently removed 

before any consideration should be given to ultimately changing the status of 

any rockfall hazard management area overlays.

4.6 I also outlined a process of ground truthing that might lead to future changes in 

the boundaries of the rockfall management areas via a certification process.  

This included the consideration of site specific factors of importance to boulder 

roll, such as local topography (the shedding and concentrating effects of spurs 

and gullies), the detailed underlying slope conditions (underlying materials that 

affect rock bounce height) and modelled runout limits based on 2D rockfall 

modelling.  This process of ground truthing is not applicable to cliff collapse 

areas where large volumes of rock travel over existing talus or newly laid talus 
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and are generally insensitive to local topography and material details in the 

runout area.

5. CERTIFICATION FOR CCMA 1 AND 2

5.1 From a theoretical and technical perspective I believe that cliff collapse hazard 

is suitable for certification of the type directed by the Panel.  However, I 

consider the potential justification for any changes to the existing cliff collapse 

management areas is narrower than for the rockfall (boulder roll) process.

5.2 In my opinion the potential justification for any changes fall into one of four 

categories.  The first is the question of whether the slope is actually a cliff 

based on the GNS definition.  The two relevant GNS Cliff Collapse reports1 

define cliffs as slopes steeper than 45 degrees and exceeding 10m in vertical 

height.  Always in nature there are “edge effects” where one landform grades 

into another.  In rare cases it might be argued that some significant portion of 

the cliff is not really a cliff but is actually a gentler or lower slope than the GNS 

defined limits and thus is potentially not subject to the cliff collapse process. 

5.3 The GNS cliff definition also presumes the cliff is made of rock (as opposed to 

soil), has formed in rock by a natural process (implying considerable age), and 

is not a man-made excavation.  Man-made excavations are frequently fresher 

(the weathered and loosened outer rind of rock has been removed) and are 

therefore generally stronger.  Thus the second possible rationale is that the 

cliff is not composed of material comparable to the rock types that were 

observed to fail so dramatically in the 2011 earthquake sequence, and which 

generated very large volumes of rock debris and associated cliff top retreat.  In 

an instance where the material is not rock or the excavation is man-made, a 

site does not fit the cliff definition, and therefore it may be appropriate to 

reduce or remove the existing cliff collapse hazard zoning by means of 

certification (i.e. the AIFR may then be less than the threshold of 10-4  for 

CCMA2).

5.4 A third rationale is that the cliff (rock source) has been removed by means of 

benched excavations of the general type outlined in paragraph 4.4 above.  

Practically this can only work as a potential means for modifying the hazard 

1 Canterbury Earthquakes 2010/11 Port Hills Slope Stability: Pilot study for assessing risk from cliff collapse. GNS Science 
Consultancy Report 2012/57; March 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; May 2012.
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areas for cliff bottom sites because the cliff top is being cut away.  Such works 

are never going to be feasible for the great majority of cliff sites.  Either the 

cost issue, or the land ownership issue, or both are going to be major 

limitations.  Rock removal would also need to be over a wider width than just 

the cliff immediately uphill of the target area because of the frequent deviation 

of falling debris from the most direct fall line (generally up to thirty degrees 

each side of the direct fall line).  Thus the areal extent of the necessary works 

rapidly becomes extreme.

5.5 In most cases, and particularly for high cliffs (> 20m vertical height), I do not 

consider a recalculation of the AIFR using alternative estimates of potential 

rock failure volumes to be the right mechanism to document or certify any 

changes.  In my opinion the main test should be “is the current GNS cliff 

collapse hazard management areas applicable”, in which case the AIFR is as 

per the GNS estimates which established the cliff collapse hazard 

management areas, or “are there valid reasons at this site why the cliff 

collapse hazard management areas do not apply”, in which case the AIFR is 

less than the threshold adopted for the relevant cliff collapse management 

area and certification can state this.  

5.6 Rarely do I think it is useful or constructive to undertake alternative attempts at 

estimating the volume of debris that could come from a cliff collapse event.  In 

my opinion that is likely to become much too subjective and the only 

defensible data on potential future rock failure volumes for high cliffs (i.e. > 

20m vertical height) is that used originally by GNS.  This by its nature is an 

average estimate, but at least has been derived from reality.

5.7 For cliffs less than 20m in vertical height there are some reasonable 

alternative analysis methods as presented in GNS Science Reports carried out 

for Cliff Street and Quarry Road cliff collapse assessments (CR 2014/73 Cliff 

Street [15m high cliff] and CR2014/75 Quarry Road [20m high cliff]).  However, 

analysing the stability in this way requires more sophisticated investigation and 

analysis methods than those typically used to assess rockfall hazard and is 

therefore time consuming and expensive.  In these rare instances this is 

potentially a fourth rationale that could be used to recalculate the AIFR and via 

certification remove or amend the current CCHMA management areas 

identified in the replacement district plan.
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5.8 Other possibilities for improving the rock strength in a cliff face such as deep 

ground anchors, rock bolts, shotcrete etc are all forms of mitigation, not hazard 

removal.  While effective for the design life of the mitigation materials, this is 

not something that will make a permanent change and therefore should not be 

considered as a justification for hazard removal or amendments.

5.9 I have read over the rationales for recommending changes to the cliff collapse 

hazard areas presented earlier in the hearings by Dr Ian Wright (two sites2) 

and Don Macfarlane (two sites3) in their evidence of February and March 

2015, and then had subsequent discussions with them to help me better 

understand the sites that they had looked at.  I understand that in all these 

cases either edge effects and/or material variation were the basis of their 

reasoning.  

5.10 While rock removal was proposed as a possible means of removing the cliff 

collapse hazard management area at one cliff collapse site (2 Cannon Hill 

Crescent4), Dr Wright correctly noted in his evidence that any such removal 

work had to physically precede any change to the current area boundary and 

most importantly meet satisfactory standards.  I would observe that, in those 

instances, it is difficult if not impossible to certify such work as appropriately 

removing the hazard in advance of the work being carried out.

6. EVIDENCE OF MR JUSTICE

6.1 Mr Justice provides a draft of a certification regime to include Cliff Collapse 

Management Areas in the existing certification regime established for rockfall 

(boulder roll).  In general I consider this to be a workable draft that can apply to 

both CCMA 1 and 2.  I would suggest the additional GNS references noted in 

paragraph 5.8 above be included in the draft with reference to the use of 

alternative cliff collapse rock volume estimates to recalculate AIFR, but only 

where cliffs are 20m or lower in vertical height. 

6.2 I do not expect there to be many instances where it is possible to remove or 

amend the current CCMA 1 in the replacement district plan. This is highest risk 

area closest in to the base of the cliff. The only obvious way this could happen 

is if source removal has been carried out as outlined earlier in paragraph 4.4, 

2 51 Heberden Ave, Submission 789, Dr Ian Wright, Evidence in Chief, 13 February 2015, paragraphs 6.24 – 6.27 and Lyttelton 
Port, Submission 915, Rebuttal evidence of Dr Ian Wright, 27th February 2015, paragraphs 4.1-4.5.
3 Taylors Mistake, various baches in two areas, Don Macfarlane Evidence in Chief 13 February 2015, paragraphs 6.1-6.6.
4 Submission 789, Rebuttal evidence of Dr Ian Wright, 27th February 2015, paragraphs 11.1-11.3
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whereby the cliff itself has been largely excavated away by benching back the 

area uphill of the site, and also extending each side of the site for a significant 

distance.  From a practical perspective such works would most likely involve 

significant cost and land ownership requirements that are likely to outweigh 

any actual or perceived benefit.

Mark David Yetton
22 December 2015


