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1. INTRODUCTION 

1.1 My name is Kelvin Raymond Berryman. I am a Principal Scientist, and 

Director of the Natural Hazards Research Platform at the Institute of 

Geological and Nuclear Sciences Limited ("GNS Science"). By training I am 

an earthquake geologist and natural hazard specialist, but for the past 

decade I have primarily undertaken science management roles and acted as 

an interface between research and its application.  

1.2 I have been employed by GNS Science since its inception in 1992, and 

before that by its predecessors – New Zealand Geological Survey and DSIR 

Geology & Geophysics. I joined the NZ Geological Survey in 1974. I hold 

degrees of Bachelor of Science with first class honours, and Doctor of 

Philosophy (Ph.D.) in Geology from Victoria University of Wellington. I am a 

Fellow of the New Zealand Society for Earthquake Engineering (elected 

2012), and a member of Geosciences Society of New Zealand, the 

Seismological Society of America and the Earthquake Engineering Research 

Institute.  

1.3 My honours and appointments include: the Otto Glogau award of the New 

Zealand National Society for Earthquake Engineering in 1993 & 2000; the 

Hochstetter Award of the Geological Society of New Zealand in 1995, a NZ 

Science and Technology Bronze Medal by the Royal Society of New Zealand 

in 2000, and Joyner Memorial Lecture Award of the Seismological Society of 

America in 2013. In 2011 I was invested as a Companion to the Queens 

Service Order for services to science and Canterbury earthquake recovery.  

1.4 I have been involved in research into natural hazards and hazard and risk 

assessment, in both New Zealand and overseas, since 1974. I have authored 

or co-authored more than 300 peer-reviewed publications, predominantly on 

physical hazards, but many publications also extend into engineering design 

and planning for natural hazard risk. Along with other GNS staff, I developed 

the National Seismic Hazard Model of New Zealand ("NZNSHM") that serves 

as the basis for the seismic provisions of the New Zealand building code.  

1.5 Many of the peer-reviewed publications I have authored or co-authored have 

been consulting reports on seismic hazard assessments in New Zealand 

ranging from a city to national scale. I have also undertaken hazard studies 

for major projects in New Zealand and overseas for a wide range of 

structures, including hydro-electric dams, high-rise buildings, power stations, 
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oil storage facilities, and nuclear facilities (in Australia and Japan). In 2005 I 

led a national project to estimate tsunami risk in New Zealand which was 

computed in terms of risk to life and economic losses. 

1.6 I have been providing the Crown, particularly the Ministry of Civil Defence 

and Emergency Management ("MCDEM") and the Canterbury Earthquake 

Recovery Authority ("CERA") with my expertise in relation to earthquake 

hazard and consequential effects such as liquefaction, landslide and tsunami 

risk specifically since the 4 September 2010 earthquake. In a more general 

way I have been assisting Christchurch City Council, Environment 

Canterbury, energy companies and other government agencies and State 

owned enterprises for several decades. 

2. CODE OF CONDUCT 

2.1 I confirm that I have read the code of conduct for expert witnesses as 

contained in the Environment Court’s practice note (which will take effect on 

1 December 2014).  I have complied with the practice note when preparing 

my written statement of evidence, and will do so when I give oral evidence 

before the hearings panel.   

2.2 The data, information, facts and assumptions I have considered in forming 

my opinions are set out in my evidence to follow.  The reasons for the 

opinions expressed are also set out in the evidence to follow. 

2.3 Unless I state otherwise, this evidence is within my sphere of expertise and I 

have not omitted to consider material facts known to me that might alter or 

detract from the opinions that I express. 

3. SCOPE 

3.1 I have been engaged by the Crown to provide an overview of the current 

hazardscape of Christchurch, the associated natural hazard constraints, and 

risk management options for Christchurch in relation to the Christchurch 

Replacement District Plan ("Replacement Plan"), particularly for Proposal 3 

(Strategic Directions).   

3.2 In summary, my evidence will address the following:  

(a) The Canterbury Earthquake Sequence ("CES") and other elements of 

the current hazardscape of Christchurch. 
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(b) Whether the CES has changed the risk profile of Christchurch. 

(c) The natural hazard constraints facing Christchurch. 

(d) The level of risk from natural hazards and potential management 

options. 

3.3 A list of the key documents that I have consulted in preparing my evidence is 

attached as Appendix KRB1. 

3.4 In preparing my evidence I sought assistance from Dr Wendy Saunders, 

Senior Natural Hazards Planner at GNS Science and Emily Grace, Natural 

Hazards Planner at GNS Science.   Both Dr Saunders and Ms Grace have 

reviewed and contributed to my evidence. 

3.5 There are significant uncertainties and limitations in the data pertaining to 

most, if not all, natural hazards and associated risks in Christchurch. While 

data on the impacts of the CES are abundant and form a good basis for 

recovery measures, the CES does not provide a basis for planning for all 

hazards or even the appropriate benchmark for all aspects of earthquake risk 

provisions (for example, the ground shaking levels were at a level suitable for 

evaluation of critical facilities such as hospitals, but too severe for 

benchmarking appropriate damage levels for residential construction). 

3.6 I have also had to assume that policy settings in relation to life risk as 

encapsulated in Port Hills zoning decisions1 are an appropriate basis for life 

risk considerations in the Replacement Plan. These zoning decisions were 

themselves influenced by earlier guidance in New Zealand including Ministry 

for the Environment guidance for buildings across active faults, safety 

assessment of large dams, and flood risk associated with a possible breach 

of the Karori Dam in Wellington, where some houses were purchased and 

residents removed from the risk zone. There are no equivalent policy settings 

or even discussion with respect to determining an acceptable economic risk 

as it applies to natural hazards. This represents a major gap in policy and 

planning.  A dialogue between an informed public, planners, policy teams, 

and social scientists is needed before truly effective planning mechanisms 

can be developed to address economic risk management.  

                                                
1
 See http://cera.govt.nz/port-hills/review-process-for-the-port-hills for details 

http://cera.govt.nz/port-hills/review-process-for-the-port-hills
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4. EXECUTIVE SUMMARY 

4.1 My evidence provides an overview of natural hazards pertaining to 

Christchurch city in the context of the Replacement Plan, particularly in 

relation to the Strategic Directions contained in Proposal 3 of the 

Replacement Plan.  I discuss the impacts of the CES which saw damage 

accruing during 2010 and 2011, the ongoing recovery from the CES, and 

other hazards that the Replacement Plan needs to consider and provide for.  

4.2 Recovery from the Canterbury earthquakes only identifies one set of 

constraints for the Replacement Plan.  There are a number of other possible 

and likely future constraints. It is important that the Replacement Plan 

recognises and manages future hazards as well. 

4.3 A key issue for the Replacement Plan is to address compounding or 

cumulative risk over the planning horizon. Natural hazards are often 

considered on an ad hoc basis, one peril at a time with risk management 

provisions identified individually. However, natural hazards can often present 

as compounding issues. For example an earthquake may cause damage or 

induce liquefaction in the foundation of flood protection stopbanks reducing 

flood flow capacity until repairs are made. During the period of lowered flood 

protection, a river flood has a heightened likelihood of breaching the barrier 

resulting in significantly increased risk. In my opinion, the joint probability of 

risk is a more important consideration in assessing appropriate risk 

management options than an individual hazard risk. Similarly, some locations 

may be subject to numerous hazards and the cumulative risk needs to be 

considered in an integrated manner within the planning horizon, not one 

hazard at a time as and when they occur. For example, coastal sites may be 

subject to coastal erosion, storm surge and tsunami, all of which are 

independent hazards. The site may also be subject to exacerbated risk 

because of sea level rise predictions as a result of climate change. Thus, the 

appropriate planning policy or interventions need to consider acceptable 

levels of risk after considering the cumulative contribution from each separate 

hazard.  The cumulative contribution from each separate hazard should be 

identified for the purposes of considering natural hazards risk in the Strategic 

Directions Proposal of the Replacement Plan. 

4.4 A key requirement for the Replacement Plan is to define acceptable risk from 

natural hazards. The policy decisions around the Crown’s land zoning 

decisions and precedent New Zealand experience (see paragraph 3.6 above) 
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provide guidance for life risk issues for slope instability in the Port Hills (see 

section 5.10.3 of the Replacement Plan).  However, in my opinion, the Plan 

needs to at least develop a framework within which acceptable levels of 

future economic losses can be assessed and then appropriate planning 

interventions considered should the economic risks be deemed to be 

unacceptable.  

5. THE CES AND THE CURRENT HAZARDSCAPE OF CHRISTCHURCH 

5.1 Earthquakes of the CES, which began with the Darfield earthquake on 4 

September 2010, have caused extensive shaking damage to the built 

environment including commercial and residential buildings, liquefaction 

further damaging buildings and in-ground infrastructure, subsidence, and 

landslide. Exacerbated flooding has possibly occurred locally as a 

consequence of the subsidence. 

5.2 Earthquake activity continues to be significantly elevated. In the year prior to 

the 4 September 2010 Darfield earthquake there were seven earthquakes of 

magnitude 3 and above in a region covering Banks Peninsula, greater 

Christchurch and westward across the Canterbury Plains. In the one year 

period from 3 September 2013 to 3 September 2014 there were 52 

earthquakes of magnitude 3 and above in the same area. In other words the 

seismicity rate remains significantly elevated (approx. 7 times greater) even 

four years after the initiating event of the sequence. Thus, there remains a 

decreasing but still significant likelihood (7% in the coming year from 1st 

October 2014) of a further damaging earthquake above magnitude 6 in the 

region.2 

5.3 Heavy rainfall events have occurred in the Christchurch area in the last few 

years, but they have not been at unprecedented levels, and have been 

similar to events in the 1970s. Snow, hail and strong wind has also affected 

the region, but again not at unprecedented levels. 

6. WHETHER THE CES HAS CHANGED THE RISK PROFILE OF 

CHRISTCHURCH 

6.1 The risk profile in Christchurch has changed in a number of ways following 

the CES.  The key changes are discussed below.  

                                                
2
 http://info.geonet.org.nz/display/home/Canterbury+Aftershocks 
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6.2 Liquefaction risk is worse now because of lowering ground levels due to 

compaction, tectonic subsidence and removal of silt ejected to the land 

surface during at least five liquefaction-causing earthquakes and 

aftershocks3. This risk has been anticipated in the ‘flat land’ land zoning 

decisions4. 

6.3 Flood risk may be worse in some localised areas because of tectonic 

subsidence and compaction due to earthquake shaking. 

6.4 Rock fall risk is higher in parts of the Port Hills because rock masses have 

been dilated (i.e. gaps have opened).  Heavy rainfall, as well as aftershocks, 

have and may continue to trigger rock fall that was in the past less likely prior 

to the CES. 

6.5 The hydrological condition of the Heathcote estuary has also changed. 

Because of tectonic uplift, the estuary has a diminished storage capacity of 

water. Therefore, there is the possibility of major erosion or accretion of the 

Brighton Spit as the coastal configuration seeks to achieve a new equilibrium 

condition. Robust information on possible future coastal changes is needed 

to inform decision making in this area. This comment is based on a general 

rather than specialised knowledge, and to understand this situation better, 

specialists in coastal geology and coastal processes would need to be 

involved. The Heathcote estuary and Brighton spit area is also prone to sea 

level rise, storm surge and tsunami.  

7. THE NATURAL HAZARDS CONSTRAINTS FACING CHRISTCHURCH  

7.1 The natural hazards constraints affecting Christchurch include:  

(a) Earthquakes and related events such as tsunami, river flood, rockfall 

and landslide (gullying in loess has always been a problem).  While the 

risk of earthquakes is decreasing there is still an elevated level of risk 

when compared with the pre September 2010 levels.  

(b) Severe weather including rain storms, hail, snow and wind. 

(c) Compounding hazard events including:  

                                                
3
 Cubrinovski, M., Henderson, D., Bradley, B., 2012:  Liquefaction  impacts in residential areas in the 2010-2011 

Christchurch earthquakes.  In Proceedings of the International Symposium on Engineering Lessons Learned from 
the 2011 Great East Japan Earthquake, March 1-4, Tokyo, Japan.   
4
 For example, see http://cera.govt.nz/flat-land-residential-red-zone/residential-red-zone-settlement-information  

http://cera.govt.nz/flat-land-residential-red-zone/residential-red-zone-settlement-information
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(i) sea level rise resulting from climate change modelling and 

exacerbated storm surge , accelerated coastal erosion and 

inundation; and  

(ii) further earthquake activity causing damage to stop-banks being 

followed by river flood events that exceed the reduced capacity 

because of liquefaction damage.  

8. THE LEVEL OF RISK FROM NATURAL HAZARDS AND POTENTIAL 

MANAGEMENT OPTIONS 

8.1 On a New Zealand-wide basis Christchurch could be classified as being in a 

moderate ‘all-hazard’ zone – less than Wellington and Hawkes Bay, for 

example, but higher than Dunedin and Auckland. 

8.2 The notified Strategic Directions Proposal  originally set out the level of risk 

from natural hazards for the Replacement Plan to achieve in Objective 

3.6.5(a) as follows: that “the risk to people, property, infrastructure and 

environment from natural hazards is avoided or reduced to acceptable 

levels.”  

8.3 However, I understand that following discussions between parties, the 

Council and the Crown consider that Objective 3.6.5(a) can be amended in 

the manner suggested in attachment A to the evidence of Mr Peter Eman for 

the Council, as follows: 

"The risk to people, property, and infrastructure and the environment 

from natural hazards is avoided or reduced to acceptable levels." 

8.4 I do not have major concerns regarding the amendment to Objective 3.6.5(a) 

, which ensures that a consideration of natural hazard risks is not limited to 

just people, property and infrastructure.  The wider environment can also be 

subject to natural hazard risks, including natural resources and ecosystems.  

I offer qualified support for the amendment because natural hazards are 

natural processes and therefore part of the natural environment. To what 

extent society should control some elements of the natural environment to 

protect other elements of the natural environment is a value judgement. 

Where there are severe negative impacts of ‘natural hazard’ processes on 

highly regarded elements of the natural environment it may be desirable to 

mitigate the impact.  
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8.5 I agree that the reference to "acceptable levels" can be deleted from 

Objective 3.6.5(a), as long as either: 1) acceptable levels of risk are included 

in the Definitions; or 2) the Natural Hazards Proposal ascertains what level of 

risk is to be achieved (either by definitions or a framework to determine levels 

of risk).  This will ensure Objective 3.6.5(a) can be achieved. I note that 

Section 3.4.5(b) of the Strategic Directions proposal refers to the 

management of natural hazards risks to ‘acceptable levels’ as an issue to be 

addressed.  This will need to be addressed in the Natural Hazards Proposal, 

and I provide comment in paragraph 8.7 below in response to this.   

8.6 A key aspect of risk based planning is to use plans to avoid or control 

development in risk areas, mitigate risk in existing developments, and 

prescribe restrictions on building type, use, occupancy, and density in high 

risk areas. The appropriate approach to manage the threat of natural hazards 

is to consider the vulnerability and exposure to the severity of the hazards - 

how many people are exposed and what are the potential economic losses?  

In other words, the level of risk must be determined. If the risks are 

unacceptable then controls need to be implemented. I understand that risk-

based land use planning and economic impact modelling can determine 

whether life or economic risks are above the level that society deems 

acceptable. My understanding is that risk-based planning provides a method 

for determining what the community considers to be an ‘acceptable’ level of 

risk. Risk-based planning therefore appears to be an appropriate approach 

for the management of risk.  Objective 3.6.5(a) seeks to meet this criteria by 

allowing for avoidance or mitigation (via risk reduction).  When this level of 

risk should be avoided or reduced should be decided through engagement 

with technical specialists and the community. This will provide certainty to 

both communities and applicants for when risks should be avoided or 

reduced. 

8.7 Section 3.4.5(b) of the Strategic Directions proposal identifies the definition of 

acceptable levels of risk as an issue to be addressed. My comments here are 

provided to frame that issue.  Definitions or a framework to determine 

acceptable levels of risk need to be measurable, achievable, relevant and 

timely (i.e. SMART).  A starting place for these criteria is to either define 

levels of risk, or provide a framework for determining these levels, that is 

measurable, achievable, relevant and timely.  A failure to do so will 

potentially result in perverse planning outcomes, where risks are accepted 

even when society in general would regard the risk to be unacceptable.  
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Providing a definition or framework to determine risk levels will provide 

certainty to decision makers, applicants and land owners.  The Crown's 

submission on Proposal 2: Definitions (at pages 46 to 47) requests that 

definitions or a framework for determining levels of risk be provided for 

certainty and clarity.   

8.8 I have read paragraphs 3.4.5(a) and (b) of the Strategic Directions Proposal 

as amended by Mr Eman in attachment A of his evidence.  I understand that 

these paragraphs do not constitute an objective or a policy.  I accept Mr 

Eman's amendment to paragraph 3.4.5(a) so that it also refers to the 

potential for significant harm to the environment, conditioned by my 

comments in point 8.4.  

8.9 I have read the supplementary evidence of Ms Janice Carter, and I agree 

with her suggestion to add a link from the natural hazards objective in the 

Strategic Directions Proposal to the Natural Hazards Proposal (Proposal 5), 

as it will assist plan users to identify other relevant natural hazards objectives 

and policies. 

Approach for the management and mitigation of those risks 

8.10 No one mitigation option will generally achieve the strategic objective. A 

combination of engineering, planning, building controls and emergency 

management actions will almost certainly comprise the best approach.  Some 

level of social impact and damage to property, infrastructure and the 

environment, from hazard events must be accepted because risk cannot be 

reduced to zero. Understanding how economic losses might be transferred 

away from the city can also play a significant part in deciding on appropriate 

natural hazard mitigation. Community, economic analysis, governance, and 

evidence-based research all play a crucial role in risk-based decision-

making. These processes are not yet enacted in a consistent manner in New 

Zealand, or globally for that matter.  

9. CONCLUSION 

9.1 I have presented an overview of natural hazards pertaining to Christchurch 

city and relate this overview to the strategic objectives and provisions of the 

draft Replacement Plan. The evidence pertains to the impacts and now the 

recovery from the CES which saw damage accruing during 2010 and 2011, 

and looks ahead to other future hazard events or processes that the 

Replacement Plan needs to consider. 
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9.2 On a New Zealand-wide basis Christchurch can be classified as being in a 

moderate ‘all-hazard’ zone – less than Wellington and Hawkes Bay, for 

example, but higher than Dunedin and Auckland. 

9.3 Recovery from the Canterbury earthquakes provides one set of constraints 

for the Christchurch Replacement District Plan, but does not identify all 

possible or likely future constraints. A planning document such as the 

Replacement Plan needs to look to manage future hazard and risk as well. 

This should include flooding and sea level rise (with associated water table 

changes), coastal erosion, storm surge inundation, and tsunami. 

9.4 Key issues for the Replacement Plan are to address compounding risk over 

the planning horizon, and to establish acceptable risk criteria for the impacts 

of foreseeable natural hazard events that are possible in Christchurch. Only 

after the hazards have been characterised and the acceptable risk criteria 

have been developed (with associated community engagement) can, in my 

opinion, land use planning controls offer appropriate mitigation.  

 

Kelvin Raymond Berryman  

Dated 25th November 2014
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Appendix KRB1  - List of documents consulted 

1. MCDEM Hazardscape report;  

2. GNS reports on rockfall and landslide risk in the Port Hills;  

3. EQC/Tonkin and Taylor reports on geotechnical issues with ground 

conditions in eastern suburbs of Christchurch;  

4. Central City Blueprint plan;  

5. Christchurch City Council flood risk report of 2014;  

6. GNS and NIWA reports on tsunami risk in the Canterbury region;  

7. Ministry for the Environment and GNS reports and website on risk-based 

land use planning for natural hazard risk reduction; and  

8. Several special issues of peer reviewed journals including the New Zealand 

Journal of Geology and Geophysics, Bulletin of the New Zealand Society for 

Earthquake Engineering, Seismology Research Letters, and Earthquake 

Spectra. 

 

 
 


