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1. PURPOSE
As Council are aware further reports were awaited from GNS Science for the Natural Hazards Plan
Change 3.
This report provides an overview of that Phase 2 GNS Science work on landside risk analysis of debris
inundation for the Kaikoura District. This work follows on from the GNS Science report titled
“Deterministic mapping of potential landslide debris inundation in the Kaikōura District – GNS Science
Consultancy Report 2019/102” which was received by Council on 25th March 2020.
The Phase 2 work builds on the Phase 1. The Phase 1 work identified potential landside areas and
mapped possible volumes. Phase 2 allows risk to be assigned to these areas by identifying local
personal risk (LPR) and annual individual fatality risk (AIFR).
As anticipated, when applying risk thresholds, the potential areas for inundation has significantly
reduced across the district.
The Council can now formally receive the report. It is being provided to the Hearing Commissioners –
who meet on 9 and 10 November. Unless Council believes any further consideration is required, the
GNS report will now be considered by the Hearings Panel.
Attachment 1:
i.
District-scale landside risk analysis of debris inundation for the Kaikōura District– GNS
Science Consultancy Report 2021/89
2.

RECOMMENDATION

It is recommended that the Council:


Receives the following report:
o District-scale landside risk analysis of debris inundation for the Kaikōura District– GNS Science
Consultancy Report 2021/89.



Notes that a variety of inputs can be used for local personal risk (LPR) and annual individual fatality
risk (AIFR). Plan Change 3 has used the “Upper Scenario Risk Threshold” and assumed that a
person would be present 24 hours per day. This more conservative approach is in line with the
views of community risk workshops held as part of the process. This creates a threshold for
requiring a resource consent.



Notes that the Phase 2 work provides a range of risk thresholds. Occurrence greater than or equal
to 10-4 (1 in 10,000 years), a similar approach to that used by Christchurch City Council) has been
considered as the appropriate threshold to determine if resource consent is required.
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Notes that a 10-4 threshold results in a reduced mapped area for debris than previously notified
within the Natural Hazards Plan Change 3.



Notes that the Debris Flow Fan Overlay and the Landslide Debris Inundation Overlay will be
merged into a single overlay titled “Debris Inundation Overlay”.

3.

DISCUSSION

District-scale landside risk analysis of debris inundation for the Kaikōura District
This phase 2 study used the mapped areas in the Kaikōura District phase 1 study and applies risk
threshold to these areas. This has created a range of risk thresholds for areas mapped in the phase 1
study.

Figure 1: The project area – Based on Phase 1
The study utilises state-of-the-art techniques in the correlation of landslide source-area data with
rainfall and seismic shaking data to derive susceptibility plots; it then uses GIS-based runout analyses
based on global empirical runout data to identify areas that can be affected by landslides of a range
of types and volumes, and hence to estimate the risk to life (LPR) to people occupying building in these
areas.
These state-of-the-art techniques allow for a number of variable inputs to be used to determine the
risk thresholds. For example, rainfall thresholds are determined by NIWA but variability exists with
regard to which climate change projection is used as input data. Landslides themselves have different
probability of occurrence based on different levels of rainfall or ground motion. For the GNS report
this has been mapped as “Mean” and “Upper” scenarios. Mean being the mean standard deviation
and upper being the 84th percentile. The previous debris areas notified in the District Plan did not
contain any risk thresholds, rather contained volume thresholds.
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Examples of the difference in the models can be seen in figures 2 to 5 below. Figure 2 is the initial
modelling for debris floods and flows, figure 3 is what Council notified for the plan change, figure 4
the local personal risk mean and figure 5 the local personal risk upper.

Figure 2 – Phase 1 – Debris Modelling

Figure 3 – Notified Plan Change 3 Debris Flow Fan Overlay and Land Side Debris Inundation Overlay
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Figure 4 – Local Personal Risk Mean – Based on Draft Phase 2

Figure 5 – Local Personal Risk Upper – Based on Draft Phase 2
Key for figures 4 & 5:
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The level of risk mapped within the report is mapped within bands of 10-1 to 10-2. For the report this
ranges from 10-1 to less than 10-7 (1 in 10 years to 1 in 10,000,000 years) the latter being unlikely to
occur yet not impossible.
Other Risk Factors:
As identified in Council’s Section 32 report for Plan Change 3 community risk workshops were
undertaken. A consistent view came from the community risk workshops that certain natural risks are
intolerable and should be more tightly controlled by the District Plan. This was the case for some of
the debris inundation and active faults scenarios. Given this, the upper thresholds have been used for
inputs into the GNS report. This is considered appropriate as the report is intended to be used to
support Plan Change 3 to create a trigger for resource consent assessments for restricted discretionary
activities. The resource consent process then allows for detailed assessment.
The risk to an individual will differ based on how long an individual is on site. This is why for example
the railway through areas subject to landslide are still considered to be safe yet it may not be safe to
build a dwelling. The Christchurch City approach that led to red zoning assumed a person was present
16 hours a day. We have used a more precautionary approach of 24 hours a day as we are not
considering red zoning (red zoning being a more “dramatic” outcome) but rather looking at a threshold
that would trigger the requirement to seek a resource consent and have more site-specific detailed
assessments. (Note “present” does not mean the “same” person present).
Any change in variables result in a change to mapped risk thresholds.
Another factor which must be considered is that the GNS report provides a range of local personal risk
(LPR) but does not provide an indication of what level the LPR is unacceptable. “Land use planning
that takes into account natural hazard risk requires a value judgement over what is deemed an
acceptable or unacceptable risk.”1
In applying the desire expressed in community risk workshops in regard to risk, guidance has been
taken from work following the 6.2 magnitude Christchurch Earthquake that caused 185 fatalities,
“On 1 October 2012, the New Zealand cabinet confirmed the following criteria to be used for residential
zoning decisions in the Port Hills (taken from Jacka, 2015).
1. Green zone is where the AIFR< 10-4 and where land damage and any life risk ≥10-4 could be
addressed on an individual basis.
2. Red zone is where (a) AIFR ≥10-4 when adopting the model assumptions in Table S3, or (b)
there is potential for immediate cliff collapse or landslide caused or accentuated by the
Canterbury earthquake sequence with associated risk to life, and (c) an engineering solution
to mitigate the life risk is judged not desirable and would (amongst over factors) be uncertain
in terms of detailed design, and/or be disruptive for landowners, and/or not be timely, and/or
not be cost effective, and put the health and wellbeing of residents at risk.”2
In addition to Quigley et at a number of publications has been used from Christchurch City.
The use of probabilities/occurrence of fatality risk from the Christchurch work is illustrated in the
following Figure 6 table:

M. Kilvington W.S.A. Saunders 2015, “I can live with this” The Bay of Plenty Regional Council public
engagement on acceptable risk. GNS Science Miscellaneous Series 86.
2 M. C. Quigley et al. 2020: Earth science information in post-earthquake land-use decision-making: the 2010–
2011 Canterbury earthquake sequence in Aotearoa New Zealand
1
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Figure 6 – Fatality Risk – Selected Causes, source Christchurch City Council.
That (Jacka’s) 2015 use of ≥10-4 was seen as an acceptable threshold to determine properties’ future
uses. We are not considering red zoning but using these as a trigger for requiring a resource consent,
so together with the Community risk workshop views, we have used a precautionary approach and
≥10-4 is seen as an appropriate threshold for consents.
We have used upper scenarios for the GNS work, ensuring an upper range climate change scenario is
factored into the GNS work, and finally that a person will be present 100% of the time.
It is noted that events may still occur in area with less risk threshold however these are less likely.
In summary some key findings from GNS were:
 When applying a risk threshold for debris flow areas the area of potential inundation can be
significantly reduced.
 The GNS report does not identify which risk threshold should be used.
 GNS recommended Kaikōura determine what level of risk is appropriate.
 The local person risk (LPR) assumes a person will be present 100% of the time therefore the LPR
values are equivalent to annual individual fatality risk (AIFR) if a person is present 100% of the time.
 Rainfall induced landslide extend further than earthquake induced landside and the report does
not consider the combination of both, (earthquakes in saturated land for example).
4. FINANCIAL IMPLICATIONS AND RISKS
Nil – the project is tracking within budgets
5.

COMMUNITY OUTCOMES SUPPORTED
Community
We communicate, engage and
inform our community

Environment
We value and
environment

Development
We promote and support the
development of our economy

Future
We work with our community and
our partners to create a better
place for future generations

protect

our
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Services
Our services and infrastructure
are cost effective, efficient and fitfor-purpose

6. SIGNIFICANCE OF DECISION
The report is not considered to be significant in terms of Council Significance and Engagement Policy.
7. RELEVANT LEGISLATION
Resource Management Act 1991, Local Government Official Information and Meetings Act 1987.
8. COMMUNITY VIEWS
Community meetings and workshops have occurred which address natural hazards, natural hazard
risk, and potential policy responses.
Formal notification of draft provisions is required for any plan change, and provided the opportunity
for the community to lodge a submission on the draft provisions.
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