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LIQUEFACTION ASSESSMENT SUMMARY 

This liquefaction assessment has been undertaken in general accordance with the guidance document 
‘Assessment of Liquefaction-induced Ground Damage to Inform Planning Processes’ published by the 
Ministry for the Environment and the Ministry of Business, Innovation and Employment in 2017. 

https://www.building.govt.nz/building-code-compliance/b-stability/b1-structure/planning-engineering-
liquefaction-land/ 

Client Invercargill City Council 

Assessment undertaken by Tonkin & Taylor Ltd, PO Box 13 055, Christchurch 8141 

Extent of the Study Area The Study Area aligns with Invercargill City Council (ICC) boundary. 

Intended RMA planning 
and consenting purposes 

To provide ICC with a district-wide liquefaction vulnerability assessment to 
identify areas of land potentially susceptible to liquefaction. The technical 
report and resulting map outputs will be used to inform building consent 
applications, along with land use and subdivision consents.  

Other intended purposes Not applicable 

Level of detail Level A and B (basic and calibrated desktop assessment) 

Notes regarding base 
information 

The available base information provides enough information for a Level A 
(basic desktop assessment) level of detail across the Study Area, and in 
some areas for a Level B (calibrated desktop assessment). The main factor 
controlling this level of detail is the spatial extent of the available 
geotechnical investigations and groundwater information across the Study 
Area. Further studies could be undertaken at higher levels of detail once 
additional information becomes available. 

Other notes This assessment has been made at a broad scale across the district and is 
intended to approximately describe the typical range of liquefaction 
vulnerability across neighbourhood-sized areas. It is not intended to 
precisely describe liquefaction vulnerability at individual property scale. This 
information is general in nature, and more detailed site-specific liquefaction 
assessment may be required for some purposes (e.g., for design of building 
foundations). 

A key consideration of the liquefaction vulnerability categorisation 
undertaken in accordance with the MBIE/MfE Guidelines (2017) is the 
degree of uncertainty in the assessment. Discussion about the key 
uncertainties in this assessment is provided in Sections 3.3 and 3.4 of this 
report.  

 

 

https://www.building.govt.nz/building-code-compliance/b-stability/b1-structure/planning-engineering-liquefaction-land/
https://www.building.govt.nz/building-code-compliance/b-stability/b1-structure/planning-engineering-liquefaction-land/
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1 Introduction 

The purpose of this report is to summarise the approach adopted for the assessment of liquefaction 
vulnerability in the Invercargill City Council (ICC) area by Tonkin & Taylor Ltd (T+T) and the associated 
results. This assessment has been undertaken in accordance with the Ministry of Business 
Innovation and Employment (MBIE) & Ministry for the Environment (MfE) guidance document: 
Planning and engineering guidance for potentially liquefaction prone land (referred to as the 
MBIE/MfE Guidance (2017) (MBIE/MfE, 2017)). This assessment provides a risk-based assessment of 
liquefaction vulnerability across the district. Figure 1.1 shows the extent of the Study Area. 

 

Figure 1.1: Map showing the extent of the Study Area. 

This report includes: 

• The context in which this assessment has been undertaken, the intended purposes for its use, 
and a summary of previously-collated information about liquefaction across the Study Area 
(Section 2). 

• A summary of collated base information that is relevant to the assessment of liquefaction for 
the Study Area (Section 3.2). 

• Analysis of the uncertainty associated with the collated base information (Section 3.3). 

• The evaluation of groundwater levels and earthquake scenarios to be assessed, and the 
delineation of the Study Area into zones of similar expected ground performance (Sections 
4.1, 4.2, and 4.3). 

• The assessment of liquefaction vulnerability as determined from the performance criteria 
provided in the MBIE/MfE Guidance (2017) (Section 4.3). 

• Discussion about the results of this assessment and a summary of the key conclusions 
(Section 5). 
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The liquefaction vulnerability assessment and the layout of this report follows the risk management 
process recommended in ISO 31000:2018, as shown in Figure 1.2. 

 

Figure 1.2: Risk management process defined in ISO 31000:2009, which has been used to guide the liquefaction 
vulnerability assessment and the layout of this report - from MBIE/MfE Guidance (2017). Note, this figure has 
been slightly modified in the ISO 31000:2018 standard, however the general concepts remain unchanged. 

It is emphasised that the discussion in this report regarding vulnerability categories and options for 
further geotechnical assessment relate only to liquefaction hazard. There are various other natural 
hazards and geotechnical constraints which would also need to be considered as part of any future 
land development or building activities. 
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2 Context 

2.1 MBIE/MfE Guidance (2017) 

The MBIE/MfE Guidance (2017) presents a risk-based approach to the management of liquefaction-
related risk in land use planning and development decision-making. The guidance was developed in 
response to the Canterbury Earthquake Sequence 2010-2011 as a result of recommendations made 
by the Royal Commission of Inquiry into Building Failure caused by the Canterbury Earthquakes1. 

The focus of the MBIE/MfE Guidance (MBIE/MfE, 2017) is to assess the potential for liquefaction-
induced ground damage to inform Resource Management Act (RMA) and Building Act planning and 
consenting processes.  

The MBIE/MfE Guidance (2017) provides a performance-based framework for categorising the 
liquefaction vulnerability of land to inform planning and consenting processes. That framework is 
based on the severity of liquefaction-induced ground damage that is expected to occur at various 
intensities of earthquake shaking. Figure 2.1 shows the recommended liquefaction vulnerability 
categories for use in that performance-based framework.  

 

Figure 2.1: Recommended liquefaction vulnerability categories for use in liquefaction assessment studies to 
inform planning and consenting processes - from MBIE/MfE Guidance (2017). 

As shown in Figure 2.1, the liquefaction vulnerability categories established in the MBIE/MfE 
Guidance (2017) are a function of both the precision in the categorisation and the degree of 
uncertainty in the assessment. To provide guidance on how to manage these aspects, 
recommendations are provided in the MBIE/MfE Guidelines (2017) for the minimum level of detail 
required in the liquefaction assessment for specific applications. Figure 2.2 shows the categories 
used to define the levels of detail for liquefaction vulnerability studies.  

 

Figure 2.2: Categories of level of detail used to define the levels of detail for liquefaction vulnerability studies - 
from MBIE/MfE Guidance (2017). 

 
1 The MBIE/MfE Guidance (2017) does not provide technical guidance on liquefaction analysis or earthquake engineering. 
Detailed information about this topic can be found in the NZGS/MBIE Earthquake Geotechnical Engineering Practice series 
(NZGS/MBIE, 2016) (NZGS/MBIE, 2017). 
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District-scale studies, such as this one, are typically undertaken to a Level A or Level B level of detail. 
Level C and Level D assessments are typically associated with site-specific development to support 
subdivision and building consent applications.  

It is important to note that district-scale studies typically result in categorisation of the land into one 
of the top three vulnerability categories of “Liquefaction Category is Undetermined” or “Liquefaction 
Damage is Unlikely” or “Liquefaction Damage is Possible”. The categorisation of the liquefaction 
vulnerability of the land within Invercargill City into one of the categories shown in Figure 2.1 is one 
of the key deliverables of this assessment.  

The key feature defining each level of detail is the degree of “residual uncertainty” in the 
assessment, such that the residual uncertainty is typically reduced as the level of detail in the 
liquefaction assessment increases. It is likely that substantial residual uncertainty will remain in 
some locations, and this has been acknowledged, recorded, and clearly conveyed. Further 
information about the level of detail hierarchy and residual uncertainty is provided in Section 3.1. 
Section 3.3 discusses the key sources of uncertainty associated with this assessment. 

2.2 Background to this project 

Invercargill City Council (ICC) has commissioned this project to identify areas of land within the Study 
Area that have potential for liquefaction-induced ground damage. The Study Area spans across a 
variety of landscapes that have varying vulnerability to liquefaction-related hazards. This assessment 
is intended to improve the understanding of liquefaction vulnerability in the Study Area and will 
produce a liquefaction vulnerability map that can be utilised by different stakeholders. The outputs 
of the assessment will have two specific uses, the first being related to recent changes to the 
Building Code and the second being Resource Management Act applications.  

Regarding the Building Code changes, in November 2019 the Building Code was amended with 
respect to ground prone to liquefaction and/or lateral spreading. The changes were: 

• Limiting the application of the B1 Acceptable Solution (B1/AS1) so that it may not be used on 
ground prone to liquefaction or lateral spreading. 

• Limiting the application of B1/AS1 Foundation Design buildings to those that are on “Good 
Ground” that is not prone to liquefaction or lateral spreading. 

The outputs of the vulnerability assessment provides information to users that relates to these two 
Building Code amendments.  

Regarding Resource Management Act applications, the outputs of the vulnerability assessment will 
provide applicants with a base information source to determine the liquefaction vulnerability for the 
land associated with their resource consent application. This information will allow the applicant to 
address the potential liquefaction hazard in the early stages of their project and may result in the 
hazard being mitigated or taken off the table prior to the building consent stage. 
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2.3 Liquefaction hazard 

Liquefaction is a natural process where earthquake shaking increases the water pressure in the 
ground in some types of soil, resulting in temporary loss of soil strength.  

The following three key elements are all required for liquefaction to occur: 

1 Loose non-plastic soil (typically sands and silts, or in some cases gravel). 

2 Saturated soil (i.e., below the groundwater table). 

3 Sufficient ground shaking (a combination of the duration and intensity of shaking). 

These elements are shown in Figure 2.3 , and Figure 2.4 summarises the process of liquefaction with 
a schematic representation. 

 

Figure 2.3: Three key elements required for liquefaction to occur - reproduced from MBIE/MfE Guidance (2017). 

 

 

Figure 2.4: Schematic representation of the process of liquefaction and the manifestation of liquefaction ejecta 
- reproduced from MBIE/MfE Guidance (2017). 

Liquefaction can give rise to significant land and building damage through, for example, the ejection 
of sediment to the ground surface, differential settlement of the ground due to volume loss in 
liquefied soil and lateral movement of the ground (known as lateral spreading). These effects are 
summarised in Table 2.1.  These consequences can have severe impacts that range from land 
damage through to social disruption as seen in the 2010-2011 Canterbury Earthquake Sequence. 
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Table 2.1: Overview of potential consequences of liquefaction (reproduced from MBIE/MfE 
Guidance (2017)) 

Land • Sand boils, where pressurised liquefied material is ejected to the surface (ejecta). 

• Ground settlement and undulation, due to consolidation and ejection of liquefied soil. 

• Ground cracking from lateral spreading, where the ground moves downslope towards 
an unsupported face (e.g., a river channel or terrace edge). 

Environment • Discharge of sediment into waterways, impacting water quality and habitat. 

• Fine airborne dust from dried ejecta, impacting air quality. 

• Potential contamination issues from ejected soil. 

• Potential alteration of groundwater flow paths and formation of new springs. 

Buildings • Distortion of the structure due to differential settlement of the underlying ground, 
impacting the amenity and weather tightness of the building. 

• Loss of foundation-bearing capacity, resulting in settlement of the structure.  

• Stretch of the foundation due to lateral spreading, pulling the structure apart.  

• Damage to piles due to lateral ground movements, and settlement of piles due to 
downdrag from ground settlement. 

• Damage to service connections due to ground and building deformations. 

Infrastructure • Damage to road, rail, and port infrastructure (settlement, cracking, sinkholes, ejecta). 

• Damage to underground services due to ground deformations (e.g., ‘three waters’, 
power, and gas networks). 

• Ongoing issues with sediment blocking pipes and chambers. 

• Uplift of buoyant buried structures (e.g., pipes, pump stations, manholes and tanks). 

• Damage to port facilities. 

• Sedimentation and ‘squeezing’ of waterway channels, reducing drainage capacity. 

• Deformation of embankments and bridge abutments (causing damage to bridge 
foundations and superstructure).  

• Settlement and cracking of flood stopbanks, resulting in leakage and loss of freeboard. 

• Disruption of stormwater drainage and increased flooding due to ground settlement. 

Economic • Lost productivity due to damage to commercial facilities, and disruption to the 
utilities, transport networks, and other businesses that are relied upon. 

• Absence of staff who are displaced due to damage to their homes or are unable to 
travel due to transport disruption. 

• Cost of repairing damage. 

Social • Community disruption and displacement – initially due to damage to buildings and 
infrastructure, then the complex and lengthy process of repairing and rebuilding.  

• Potential ongoing health issues (e.g., respiratory and psychological health issues). 
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The risk identification and analysis undertaken for this assessment considered how the severity of 
these consequences at any particular location can vary depending on a range of factors, such as: 

• Soil condition – Liquefaction typically occurs in loose non-plastic soils i.e., silts and sands and 
in some cases loose gravels. Liquefaction does not typically occur in soils with higher plasticity 
such as clay and does not occur in rock or dense gravel. Additionally, the way in which a soil 
was deposited (e.g., by a river, an estuary, or the sea) can influence how the soil profile is 
layered. If there are thick continuous layers of liquefied soil, then this can have more severe 
consequences than if there are thinner isolated layers of liquefied soil interbedded between 
layers of non-liquefied soil. 

• Depth to groundwater – Soil can only liquefy if it is fully saturated, so deeper groundwater 
can mean there is a thicker surface “crust” of non-liquefied soil at the ground surface that 
helps to reduce the consequences from liquefaction below. 

• Strength of earthquake shaking – Stronger shaking can mean that greater thickness of the soil 
profile liquefies, resulting in more severe consequences. 

• Proximity to free faces or sloping ground – For lateral spreading to occur, liquefiable soils 
must be within close proximity to a free face (such as a river channel or a road cut) or sloping 
ground. Typically, a location that is closer to these topographic features will sustain more 
severe consequences than a location that is further away. 

2.4 Previous liquefaction studies 

In 2012, GNS Science (GNS) undertook a liquefaction susceptibility assessment for Invercargill City 
Council (Glassey, P.J., & Heron, D. W., 2012) to update a previous ground shaking and liquefaction 
susceptibility report written in 1993 (Van Dissen, Lindqvist, & Turnbull, 1993). The report was 
commissioned to support Invercargill City Council updating the District Plan.  

GNS developed simplified correlations between mapped surface geology and the response of the 
ground to earthquake shaking in terms of liquefaction susceptibility. The 2001 geological map of the 
Invercargill City area (Thomas & Turnbull, 2001) and NZS1170 (Standards New Zealand, 2002) were 
used as the basis for this assessment. The study did not incorporate any subsurface investigation 
information, or explicitly address uncertainty in the base information and conclusions. 

The study classified land within Invercargill City into the following liquefaction susceptibility 
categories: negligible, low, moderate, high or very high. 
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3 Risk Identification  

3.1 Level of detail 

This section outlines the risk identification that has been carried out for the liquefaction vulnerability 
assessment for the Study Area.  

The first task is the determination of the level of detail required for the intended purposes (refer to 
3.1.1). This requires consideration of the key features associated with each level of detail as 
established by the MBIE/MfE Guidance (2017) and consideration of ICC’s intended purposes for 
undertaking the liquefaction vulnerability assessment. 

The second task is review of the base information currently available for this liquefaction 
vulnerability assessment (refer to Section 3.2). The base information that has been reviewed for this 
Study Area includes the following: 

• Ground surface levels (refer to Section 3.2.1). 

• Geology and geomorphology (refer to Section 3.2.2). 

• Geotechnical investigations (refer to Section 3.2.3). 

• Groundwater (refer to Section 3.2.4). 

• Seismic hazard (refer to Section 3.2.5). 

• Historical observations of liquefaction (refer to Section 3.2.6). 

3.1.1 Level of detail required for intended purposes 

The MBIE/MfE Guidance (2017) provides recommendations about the minimum level of detail likely 
to be appropriate for a liquefaction assessment, depending on the intended purpose, 
likelihood/severity of ground damage and the development intensity2. With increasing accuracy and 
detail of assessment, the residual uncertainty is typically reduced. The concept of residual 
uncertainty is important because it informs the suitability of the available information and helps 
guide risk evaluation and risk treatment. 

The target level of detail for the assessment was discussed in a workshop held with the Project Team 
from Invercargill City Council and T+T on 20 October 2021. Following the workshop, the Project 
Team confirmed that a Level A (Basic Desktop Assessment) level of detail across the majority of the 
Study Area would be suitable for the intended purposes of the assessment and a Level B (Calibrated 
Desktop Assessment) would be targeted in specific areas of the district that were identified by ICC, 
see Figure 3.1 and Figure A1 in Appendix A.   

 
2 Refer to Section 3.5 of the MBIE/MfE Guidance (2017) for further detail. 
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Figure 3.1: Target level of detail for the Study Area – Level A (Basic Desktop Assessment) and Level B 
(Calibrated Desktop Assessment). 

3.2 Base information currently available 

This section of the report collates and documents the available base information and describes how 
the information was used in the risk assessment process.  

3.2.1 Ground surface levels 

The ground surface level of the Study Area is characterised by five digital elevation models (DEM). 
Four of the DEMs have been derived from LiDAR and cover the Invercargill central city, Bluff, 
Kennington and Otatara areas. All four of these DEMs have a 1 m horizontal resolution. These DEMs 
were all mapped in the same series of flights in April 2013. The fifth DEM has been derived from the 
LINZ Topo50 20 m contours and has an 8 m horizontal resolution. This DEM covers the entire Study 
Area. The LiDAR derived DEM provides data with a higher degree of precision and accuracy than the 
contour derived DEM. Table 3.1 provides information about the DEMs that are available for this 
liquefaction vulnerability assessment and Figure 3.2 shows the extent of each of these DEMs across 
the Study Area. 
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Table 3.1: Available DEM datasets for the Study Area 

Year of acquisition Acquired by DEM horizontal resolution Coverage of Study Area 

2013 NZ Aerial Mapping Ltd 1 m Bluff 

2013 NZ Aerial Mapping Ltd 1 m Kennington 

2013 NZ Aerial Mapping Ltd 1 m Invercargill 

2013 NZ Aerial Mapping Ltd 1 m Otatara 

2012 Geographx 8 m Entire 

 

 

Figure 3.2: Spatial extent of the DEM datasets available within the Study Area. 

As shown in Figure 3.3 and Figure A2 in Appendix A, the ground surface elevation for the Study Area 
is relatively flat, with areas in the south west and north east that reach above an elevation of 20 m. 
The Study Area is defined by coastal and alluvial lowlands, alluvial terraces, and sedimentary ranges 
to the south-west. 
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Figure 3.3: Ground surface elevations derived from the 1 m DEM and 8 m DEM across the Study Area. 

A topographical screening tool was developed to provide a means of identifying different 
topographical features from the DEM datasets.  

This screening tool is based on the method proposed by Stepiniski and Jasiewicz (Stepinski & 
Jasiewicz, 2011) and considers single elevation points from a DEM dataset in relation to adjacent 
elevation points at a set distance. The adjacent elevation points are interpreted to be above, below, 
or in-line with the initial elevation point, and an algorithm is used to categorise these patterns into 
broad landform classifications, which are known as geomorphons. For the purposes of this 
assessment, three landform types were considered. These geomorphons were: 

• Flat land, 

• Valley and toe slopes, and 

• Sloping land. 

The geomorphons generated from this algorithm are shown in Figure 3.4 and on Figure A3 in 
Appendix A.  
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Figure 3.4: Geomorphons produced by the screening tool across the Study Area. 

3.2.2 Geology and geomorphology 

The following section outlines the geological map used and describes the development of a 
geomorphology map for the Study Area.  

Geology 

The geology of Invercargill City Council is represented by a 1:250,000 scale geological map compiled 
by GNS, entitled The Geology of the Murihiku area (Turnbull & Allibone, 2003). This geological map is 
a compilation of approximately 31 Published scientific reports and papers, 16 published map sheets, 
38 theses, and 22 unpublished maps. Figure 3.5 shows the main geological units within the Study 
Area.  
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Figure 3.5: Main geological units associated with the Study Area (Turnbull & Allibone, 2003). 

Geomorphology 

Geomorphic terrains have been defined and mapped to help identify areas of potential liquefaction 
vulnerability. This assessment utilised the 1:250,000 geological map, the ground surface levels from 
the DEMs, the results of the topographical screening tool (geomorphons), and current and historical 
aerial imagery. Geomorphic terrain categories have been defined based on their general 
susceptibility to liquefaction following the MBIE/MfE Guidance (2017) and research by (Youd & 
Perkins, 1978). Terrains expected to be underlain by silt, sand and gravel sediments (e.g. flood plains 
etc.) are more likely to be vulnerable to liquefaction. As a result, these terrains have been 
categorised in more detail for this assessment compared to the various types of hill country within 
the Study Area, which are less likely to be vulnerable to liquefaction.  

The geomorphic mapping process identified seven different geomorphic terrains across the Study 
Area. These geomorphic terrains are described as follows:  

• Reclamation fill: Uncontrolled and engineered fill, reworked natural soils or construction 
waste, inferred to be > 3m thick.  

• Coastal dunes and shorelines: Representing both sand dune systems and beach ridges within 
the area. Dune systems associated with the present-day shoreline are typically to the west of 
the project area, comprising sand dunes which are actively subject to windblown and coastal 
processes, both onshore and inland. Gravel dominant beach ridges are identified to the south 
of the project area. Difficult to map accurately in some areas due to anthropogenic landform 
changes. 
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• Alluvial lowland and swamps: This terrain is typically characterised by low lying, flat 
topography comprising streams, rivers, estuaries and swamps. It represents significant 
wetland and swamp deposits visible at 1:25,000 scale.  Difficult to map accurately in some 
areas due to anthropogenic landform changes and slight changes in elevation. This terrain is 
one of the youngest in the project area. 

• Alluvial plains and river flats: This terrain represents the sediments deposited from the active 
and historic river systems within the district. The surface of this terrain typically increases in 
elevation in a landward direction from the coast. This terrain is one of the youngest in the 
project area. 

• Alluvial terraces: Terrain characterised by gently rolling low terraces, often up to 30m above 
sea level, formed as glacial outwash terraces. Covers land to the north and east of the project 
area. The terraces typically comprise Pleistocene-age or older alluvium. Elevated above active 
coastline and represent historic shorelines in district. 

• Coastal terraces: This terrain is characterised by low terraces of previous shorelines, set back 
from the modern-day shoreline in the south-east of the project area. This unit is often capped 
with peat, mapped in the Alluvial lowland and swamps terrain. This terrain is likely to be 
younger shorelines in front of historic shorelines shown in the district. 

• Hills and ranges: Terrain characterised by elevated topography which is often capped with 
residual soils. Covers the hills around Bluff to the south of the project area.  It represents the 
oldest terrain in the project area.  

The geomorphic map of the Study Area is shown in Figure 3.6 and Figure A4 in Appendix A. The full 
terrain descriptions can also be found in Table 1 in Appendix A. 

 

Figure 3.6: Geomorphic map of Study Area. 
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3.2.3 Geotechnical investigations 

Existing geotechnical investigations from the publicly available New Zealand Geotechnical Database 
(NZGD) and from T+T’s records have been considered for this assessment. This includes 143 Cone 
Penetration Tests (CPT), 24 Boreholes (BH), 25 Test Pits (TP), and 17 Hand Augers (HA). The number 
of investigations within each geomorphic terrain is shown in Table 3.2. Note that neither coastal 
terraces nor hills and ranges have any subsurface information available. 

Table 3.2: Geotechnical investigation count from NZGD and T+T’s records by geomorphic terrain 
as at 01 October 2021. 

Geomorphic terrain CPT count (No.) BH count (No.) TP Count (No.) HA count (No.) 

Coastal dunes and shorelines 7 0 0 0 

Alluvial lowlands and swamps 53 6 0 12 

Alluvial plains and river flats 50 0 12 0 

Alluvial terraces 6 8 13 5 

Reclamation fill  27 10 0 0 

Most of the geotechnical investigations in the Study Area are concentrated around the Invercargill 
city centre and the Bluff industrial area. Figure 3.7 shows the location of the geotechnical 
investigations available on the NZGD as at 01 October 2021. This is also shown on Figure A5 in 
Appendix A. 

 

Figure 3.7: Geotechnical investigations available on the NZGD as at 1 October 2021. Note there are fewer 
investigations shown on this figure than in Table 3.2 because the figure does not include all of the 
investigations from T+T’s records. All geotechnical investigations that T+T has permission to upload are 
currently available on the NZGD. 
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3.2.4 Groundwater 

Within the Study Area, there are 348 mapped bore locations recorded in the Southland 
Environmental Data database as of November 2021. The bores have been installed for a variety of 
reasons (e.g., water supply, water monitoring etc.). Based on the Environmental Data portal 
(Environmental Southland, 2022) there are no wells within the study area for the specific purpose of 
groundwater monitoring. We have carried out an analysis of groundwater measurement data and 
two existing groundwater models (T+T 2019, and the National Water Table surface).  

The spatial distribution of the in-situ groundwater data is shown in Figure 3.8. The spatial 
distribution of water bodies across the Study Area is shown in Figure 3.9. This provides useful 
information because the groundwater is likely to be shallow near these mapped water bodies.  

The groundwater depths selected for the various geomorphic terrains are summarised in Section 
4.1. 

 

Figure 3.8 Spatial distribution of in-situ groundwater data in the Study Area. 
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Figure 3.9 Spatial distribution of water bodies within the Study Area. 

Sea level rise 

Sea level rise (SLR) has the potential to elevate groundwater levels in low-lying areas within close 
proximity to the coast. These low-lying areas are generally highly valued for development and as a 
result, are typically associated with townships across New Zealand. Preliminary research suggests 
that in some locations the effects of SLR on liquefaction vulnerability could be wide reaching  
( (Quilter, Ballegooy, & Reinen-Hamill, 2015), (Risken, Fraser, Gadsby, & Ruttler, 2015) and (Tonkin & 
Taylor Ltd, 2020)). 

Groundwater systems respond hydraulically to sea-level rise, where either the water table rises the 
same amount as sea level rise (1:1 ratio), or water tables rise less than sea level. In addition, the 
effect of sea level rise may decrease with an increasing distance from the coast (Befus, Barnard, 
Hoover, Hart, & Voss, 2022). Due to the complexity of the effect of SLR on the shallow groundwater 
table, a conservative approach (insofar as it predicts shallower groundwater levels) is to use a 1:1 
ratio when assessing sea-level rise. 

Based on the modelled impact of SLR in NZ, RCP4.5 (median) would see SLR of 0.5 m by 2090, and up 
to 0.9 m under RCP8.5 H+. In addition, coastal flooding will likely become more frequent as seas 
continue to rise, with large events occurring on average on a yearly basis once SLR reaches 0.45m 
(expected between 2055-2060 and 2100) (NIWA, 2018). 
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3.2.5 Seismic hazard 

Soils that are susceptible to liquefaction require a particular level of shaking (duration and intensity 
of ground shaking) to cause them to liquefy. A key source of uncertainty in liquefaction analyses is 
the intensity of shaking that will occur at a particular location in future earthquake events. The 
following is a summary of the available seismic hazard information for the Study Area.  

Tectonic setting  

The Study Area is positioned on the Pacific tectonic plate, east of the active Australian-Pacific plate 
boundary, the Alpine Fault. The majority of faults identified in the Southern South Island region are 
related to the Alpine Fault continental collision zone and are shown on Figure 3.10, which illustrates 
the known active faults in the area (Stirling, et al., 2012). 

 

Figure 3.10: Known active faults in the Southern South Island. Faults 518, 525, 532, 533, and 534 are the closest 
to Invercargill City (from the National Seismic Hazard Model (NSHM) for New Zealand (Stirling, et al., 2012) 

Seismic hazard information available for this assessment 

The primary sources of seismic hazard information used as reference for this assessment is the New 
Zealand Transport Agency Bridge Manual (New Zealand Transport Agency, 2018). For routine 
engineering projects, the NZTA Bridge Manual is currently the commonly accepted method for 
determination of seismic hazard for liquefaction analysis in New Zealand in the absence of a site-
specific assessment or regional study.  
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However, it should be noted that that the seismic information for New Zealand is continually being 
updated. For example, recent research completed by (Cubrinovski, Bradley, Wentz, & Balachandra, 
2021) shows that the NZTA Bridge Manual and NZS 1170.5 (structural loading standard) may 
under-predict or over-predict the seismic hazard in parts of New Zealand.  

Seismic hazard design parameters 

Estimated Peak Ground Accelerations (PGA) and Magnitude (Meff) for 1 in 25-year, 1 in 500-year and 
1 in 1000-year return period earthquakes for Invercargill and Bluff based on the NZTA Bridge Manual 
methodology (New Zealand Transport Agency, 2018) are provided in Table 3.3. These are based on 
Class D and E site class parameters, as these are the most likely classes that would be encountered 
when liquefiable soils are present. For ‘typical’ buildings (i.e. Importance Level 2), the 25-year return 
period represents the Serviceability Limit State (SLS) event, whilst the 500-year return period 
represents the Ultimate Limit State (ULS) event. 

Table 3.3: Seismicity considered for the Study Area1 

Town Return period and estimated PGA Magnitude (Meff) 

1 in 25 1 in 500 1 in 1000 

Invercargill 0.05 0.20 0.26 6.1 

Bluff 0.05 0.18 0.24 6.1 

1 1 Estimated Peak Ground Accelerations (PGA) and Magnitude (Meff) for 1 in 25-year, 1 in 500-year and 1 in 
1000-year return period earthquakes based on the NZTA Bridge Manual methodology (NZTA, 2018). 

2  

The 1 in 1000-year event scenario is used as a sensitivity test for the liquefaction vulnerability 
classification. This test is particularly relevant in the case of the Invercargill Study Area which has 
relatively low seismicity, as it provides an indication of liquefaction susceptibility at higher shaking 
levels.  

3.2.6 Historical observations of liquefaction 

Based on our review, there has been no evidence of liquefaction recorded from historic earthquakes 
in the Study Area. A 2006 GNS report (Southland District Council Lifelines Study) (Glassey, P.J., 2006)   
stated that there had been few earthquakes in eastern Southland, particularly when compared to 
western Southland and Fiordland where significant earthquakes have been recorded. Several larger 
earthquakes in western Southland were recorded to have caused moderate shaking in the east of 
the district, however there was no further record of the impact of the shaking within the Invercargill 
Study Area.   

The August 2003 M7.2 Fiordland Earthquake was recorded at multiple locations (referenced in the 
GNS 2006 report). In Invercargill the recorded PGA was 0.02 g which is likely too low to trigger 
liquefaction and no evidence of liquefaction was recorded.  
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3.3 Uncertainty assessment  

This section of the report presents an assessment of the uncertainty associated with the base 
information available for the Study Area. The key output from this assessment is determination of 
the level of detail supported by the available base information.  

3.3.1 Ground surface levels 

The most significant uncertainty related to assessment of ground surface levels is the result of the 
low resolution of the Topo50-dervied DEM which is used in this assessment for areas of the district 
not covered by the higher resolution LiDAR-derived DEM (Figure 3.2). This DEM is very low 
resolution as it was created by digital interpolation of the 20 m contour dataset associated with the 
1:50,000 topographical data available for New Zealand.  

As a result, this DEM dataset has a significantly lower resolution compared to the 1.0 m LiDAR-
derived DEM and may misinterpret landform features across the Study Area. This DEM dataset often 
misrepresents flat land features, which are often associated with liquefaction susceptible soils. For 
instance, it evenly extends contours between the 0 and 20m contour, which misrepresents smaller 
scale terraces or topographical features within the area. 

To manage this source of uncertainty, the 8m DEM and the geomorphons that have been derived 
from it have been used only to assess the general characteristics of the terrains and landforms that 
make up the Study Area rather than to define discrete boundaries between terrains. In these areas, 
current and historical aerial imagery has been preferred to define geomorphic boundaries. 

Figure 3.11 compares the resolution of the 1.0 m LiDAR-derived DEM and the 8.0 m Topo50 20 m 
derived DEM, demonstrating the clearly evident difference in detail. 

 

Figure 3.11: Comparison between the resolution of the 1.0 m LiDAR-derived DEM (shown with dashed outline) 
and the 8.0 m Topo50 20 m derived DEM. The yellow arrow highlights an area of flat land that is 
misrepresented in the Topo50-derived DEM. 
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3.3.2 Geology and geomorphology 

The key uncertainties associated with the geology and geomorphology are discussed below.  

Uncertainty due to the precision of mapping and the accuracy of boundaries between terrains 

The geomorphic map was developed at a scale of approximately 1:25,000 and based on desktop 
review of various data sources (Section 3.2.2). At this scale, there is uncertainty associated with the 
locations of the boundaries between the different geomorphic terrains.   

Additionally, the geological map of the Murihiku area (Turnbull & Allibone, 2003) that was used 
during the geomorphic mapping process was produced at a 1:250,000 scale. It was evident during 
the geomorphic mapping that some of the geological boundaries shown on the geological map did 
not align with the latest elevation data or with aerial imagery.  

Uncertainty due to anthropogenic landform changes  

Some anthropogenic landform changes, in particular those associated with large infrastructure or 
land development projects, can result in changes to the severity of liquefaction-related land damage 
under seismic load. An example of this is the Bluff Harbour area where historic aerial imagery and 
the LiDAR-derived DEM show the landforms in this area have been dramatically changed and altered 
during as the harbour was reclaimed and developed over time. As a result, it is likely that there are 
significant areas of unmapped fill within this area. Similar conclusions can be made for the western 
city centre, adjacent the estuary. Where obvious, these areas have been mapped as ‘reclamation 
fill’, however a detailed review to identify all such filled land is not within the scope of this study. 

Uncertainty regarding the liquefaction vulnerability of Alluvial Terraces 

The sediments comprising the geomorphic terrain mapped as ‘Alluvial Terraces’ are typically middle 
to late Pleistocene-aged weathered glacial outwash gravels with sands, silts, clays and some peat 
deposits. Due to the typical age of these sediments, there is some uncertainty associated with 
liquefaction vulnerability of this terrain. 

As sediments age, chemical and physical changes (particle interlocking and bonding) can occur 
between soil particles that increase the resistance of the soil to liquefaction triggering. This process 
is known as the “aging effect.” Furthermore, there is uncertainty associated with the actual age of 
the whole geomorphic terrain as it is mapped as ‘middle to late Pleistocene. The Pleistocene ranges 
from 11,700 years before present to over 2,000,000 years. For example, the Geology of the Murihiku 
area report (Turnbull & Allibone, 2003) notes that the deposits are “overlain by loess” and that in 
some areas these deposits have “mostly eroded” surfaces. As a result, there is significant uncertainty 
associated with the liquefaction vulnerability of the Alluvial Terraces terrain. 

Lateral spreading uncertainty  

Within all the geomorphic terrains, rivers and streams are present. The majority of these have been 
mapped using a GIS layer provided by MfE/LINZ. Within this dataset some existing streams are not 
mapped accurately: by not matching current aerial imagery or having discontinuities. It was not 
within the scope of this project to review or amend the river information. These waterways are used 
to calculate a potential lateral spreading area, by drawing a 200m wide buffer zone around mapped 
waterways. The inaccuracy in the waterway locations introduces uncertainty in the zones that may 
experience lateral spreading (however this does not have an impact on the liquefaction vulnerability 
category assigned for the current high-level assessment). 
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3.3.3 Geotechnical investigations 

There are a range of geotechnical investigations available on the NZGD within the Study Area. These 
geotechnical investigations can be used to estimate (both quantitatively and qualitatively) the 
expected liquefaction-related performance of the land. The key uncertainties associated with the 
geotechnical investigations are discussed below. 

Uncertainty due to spatial density of geotechnical investigations 

Compared to some other parts of New Zealand there are relatively few geotechnical investigations 
within the Study Area on the NZGD and within T+T’s records. As shown in Figure 3.7, the few 
available investigations are predominantly associated with Invercargill city centre. This low spatial 
density means that it is not possible to reliably calibrate the soil conditions from the available 
geotechnical investigations for the majority of the Study Area. In addition, it is likely that subsurface 
investigations have generally been undertaken in areas where poor quality, soft soils are present, so 
there is likely to be a systematic bias in the subsurface data toward poorer ground. 

Uncertainty due to variability in ground conditions within geomorphic terrains 

Within each geomorphic terrain there is a degree of natural variability in ground conditions that 
results in subsequent variability in expected liquefaction-related performance. Some geomorphic 
terrains, such as the Alluvial lowlands and swamps, are likely to have a low degree of variability and 
this is reflected in a relatively uniform estimate of liquefaction-related performance for a constant 
depth to groundwater. Other geomorphic terrains, such as the Alluvial plains and river flats, are 
likely to have much more variable soil conditions and this is reflected in a variable estimate of 
liquefaction-related performance for a constant depth to groundwater. This source of uncertainty is 
managed by considering the likely variability in soil conditions within each geomorphic unit as part of 
the liquefaction vulnerability categorisation process.  

Uncertainty due to geotechnical investigation data quality 

Each geotechnical investigation has inherent data quality issues. Some of these are readily 
identifiable, are logged as part of the investigation and can be allowed for in the analysis (e.g., post 
ground improvement investigations and portions of predrilled CPTs). Others are not readily 
identifiable without being able to refer to the data source and must be considered using engineering 
judgement (e.g., incorrectly logged borehole data). Some investigations on the NZGD did not contain 
data files (only having a scanned PDF). The relatively low concentration of geotechnical 
investigations within the Study Area and the level of detail targeted (i.e., Level A/B) mean that this 
source of uncertainty does not contribute significantly to the overall uncertainty in the assessment.  

3.3.4 Groundwater  

There are a number of in-situ groundwater data records within the Study Area, the majority of which 
are single measurements from boreholes. The key uncertainties associated with the available 
groundwater data are discussed below. While generally not critical for the Level A/B level of detail, 
these uncertainties become increasingly important in areas where quantitative analysis is required 
to support a higher level of detail. 

Uncertainty due to spatial density of groundwater data 

The available groundwater data records are predominantly widely spaced throughout the Study Area 
leaving significant gaps between these records. This makes meaningful interpolation of the depth to 
groundwater between locations with groundwater records challenging. Several of the geomorphic 
terrains within the Study Area have a relatively sparse coverage of in-situ groundwater data with 
clustered data, which could significantly bias the statistical assessment for the geomorphic zones if 
there is spatial and temporal variation not captured in the data. 
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Uncertainty due to length of groundwater data records  

Most of the groundwater data that T+T has been able to source to date is largely single point data, 
with no ongoing monitoring data readily available within the Study Area. Ongoing monitoring data 
provides information about the potential for shallower conditions throughout the year, as well as 
climatic variability which may also affect groundwater levels. These observed fluctuations inform the 
uncertainty relative to the adopted median groundwater level per geomorphic zone. Due to the lack 
of monitoring data in the Study Area, any climatic or seasonal effect on groundwater is not 
accounted for in this analysis. 

Uncertainty due to the effects of climate change 

Climate change introduces further uncertainty regarding the groundwater conditions that could exist 
at some time in the future when an earthquake occurs. The key effects of climate change on the 
future groundwater conditions may include: 

• Changes in the intensity and distribution of rainfall influencing the recharge rate of the 
groundwater surface. 

• Reduction in the depth to groundwater due to the effects of sea-level rise. 

3.3.5 Seismic hazard 

The National Seismic Hazard Model for New Zealand is currently being updated. This update could 
result in Invercargill and Bluff (the two towns listed in NZTA Bridge Manual within the Study Area) 
having a decreased or increased seismic hazard. As the liquefaction analysis has considered a range 
of PGA, this uncertainty is unlikely to significantly affect this assessment. 

3.3.6 Assess ground damage response against performance criteria 

The MBIE/MfE Guidance (2017) provides the performance criteria shown in Figure 3.12 to determine 
the liquefaction vulnerability category for a particular area of land. 

 

Figure 3.12: Performance criteria for determining the liquefaction vulnerability category – reproduced from 
MBIE/MfE Guidance (2017). 
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As discussed in Section 4.5.2 of the MBIE/MfE Guidance (2017), the performance criteria make 
reference to particular probabilities of a certain degree of damage occurring. These probabilities are 
intended to provide an indication of the level of confidence required to assign a particular category, 
rather than specific numerical thresholds to be calculated for each category. It is also important to 
recognise that these probabilities relate to the total effect of all uncertainties in the assessment, a 
characteristic that makes probabilistic calculation particularly challenging. 

For this liquefaction vulnerability assessment, the level of confidence has been evaluated 
qualitatively with these indicative probabilities used as guidance. As with any qualitative assessment, 
it is necessary to apply a degree of judgement to determine the liquefaction vulnerability category 
for each area of land within the Study Area and there is inherent uncertainty associated with this 
subjective process. 

3.4 Level of detail achieved in this assessment  

As shown in Figure 3.13 and on Figure A7 in Appendix A, a Level A (basic desktop assessment) was 
achieved across the majority of Study Area, with a few smaller areas achieving a Level B (calibrated 
desktop assessment).  

 

Figure 3.13: Level of detail achieved in this assessment (Level A and Level B). 
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4 Risk analysis 

The section outlines how the base information was analysed to categorise the liquefaction 
vulnerability of the land within the Study Area. The key tasks in this step involve the following: 

• Choosing groundwater levels to support the analysis. 

• Choosing earthquake scenarios to support the analysis. 

• Identifying sub-areas of similar expected performance. 

• Evaluating the expected degree of liquefaction-induced ground damage. 

• Assessing the liquefaction vulnerability category against the performance criteria. 

Each of these key tasks are discussed in further detail below. 

4.1 Groundwater levels for analysis 

As described in Section 3.3.4, within the Study Area the groundwater data points available are 
widely spaced and generally only have single measurements. This makes it challenging to establish 
representative groundwater levels to apply across a geomorphic terrain and to account for seasonal 
groundwater level fluctuations. However, based on the analysis of the available data, assumptions 
have been made for the purpose of qualitative screening, and engineering judgement has been 
applied to estimate the typical range of depth to groundwater in each of the geomorphic terrains as 
shown in Table 4.1. An accompanying evaluation of the potential effects of sea-level rise has also 
been made. 

Table 4.1: Assumed depth to groundwater and potential influence of climate change in each 
geomorphic terrain 

Geomorphic 
terrain 

Assumed depth to 
groundwater (below 
existing ground level) 

Potential influence of climate change on groundwater 

Alluvial lowlands 
and swamps 

0 – 2 m Likely to become shallower (located close to the coast so 
likely to be directly influenced by sea-level rise). 

Alluvial Plains 
and River Flats 

0 – 3 m Areas of low elevation adjacent to coastal margins are 
likely to become shallower (sea-level rise). Areas of high 
elevation could be affected (variable weather patterns). 

Alluvial terraces 2 – 4 m (however likely to be 
more variable than other 
alluvial terrains) 

Areas of lower elevation adjacent to coastal margins are 
likely to become shallower (sea-level rise). Areas of high 
elevation could be affected (variable weather patterns). 

Coastal dunes 
and shoreline 

1 – 3 m  Likely to become shallower (located close to the coast so 
could be influenced by sea-level rise). 

Coastal terraces 1 – 4 m Areas of low elevation adjacent to coastal margins are 
likely to become shallower. 

Hills and ranges  Ridge lines and elevated 
areas assumed to be more 
than 8 m depth  

Bottom of valleys and gullies 
assumed to be less than 4 m 

Areas of low elevation adjacent to coastal margins are 
likely to become shallower. Areas of high elevation 
unlikely to be affected (sea-level rise and variable 
weather patterns). 

Reclamation fill 1 – 3 m Likely to become shallower (located close to the coast so 
will be influenced by sea-level rise). 
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4.2 Earthquake scenarios for analysis 

The 500-year return period is the recommended minimum earthquake scenario for Level A and B 
studies (as per MBIE/MfE Guidance, 2017). The 500-year level of earthquake shaking (i.e., PGA and 
magnitude pairing) across the Study Area is above the level of shaking required to trigger 
liquefaction in most susceptible soils. This is the primary consideration in this qualitative assessment 
of liquefaction vulnerability (at a Level A/B level of detail). We have also used a series of additional 
PGA values for liquefaction analysis, including 25-year and 1000-year. 

4.3 Liquefaction vulnerability assessed against performance criteria 

4.3.1 Assigned liquefaction vulnerability categories 

Using the available information, the liquefaction vulnerability of each geomorphic terrain has been 
assessed against the performance criteria. Each terrain is then assigned one of the corresponding 
liquefaction vulnerability categories shown in Figure 4.1. The liquefaction vulnerability map of the 
Study Area is shown in Figure 4.2 and Figure B1 in Appendix B. 

It is emphasised that the discussion in this report regarding vulnerability categories and options for 
further geotechnical assessment relate only to liquefaction hazard. There are various other natural 
hazards and geotechnical constraints which would also need to be considered as part of any future 
land development or building activities.  

 

Figure 4.1: Recommended liquefaction vulnerability categories – from MBIE/MfE Guidance (2017). 
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Figure 4.2: Liquefaction vulnerability classification assessed against performance criteria. 

4.3.2 Calibration of expected liquefaction-induced ground damage 

For a Level B study, calibration of geological and geomorphic maps using subsurface investigations is 
required. For each geomorphic terrain in the Study Area, a relatively small number of investigations 
are available (Section 3.3.3), so the investigation data is unlikely to represent the variability of soil 
performance across the entire terrain.  

For calibration, liquefaction analysis for each geomorphic terrain has been undertaken, where that 
terrain has CPT data available. CPTs have been excluded from the analysis where there is more than 
5m of predrill, where there is no data, where the total depth is less than 3m, or where the CPT was 
carried out following ground improvement. The geomorphic terrains Hills and Ranges and Coastal 
Terraces do not have any available CPT data.  

We have adopted the following approximate characteristic LSN ranges for each degree of 
liquefaction-induced damage as shown in Table 4.2. 
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Table 4.2: Characteristic LSN adopted for the determination of liquefaction-induced ground 
damage 

Degree of liquefaction-induced ground 
damage 

Approximate characteristic LSN ranges used 
for this hazard study 

None to minor 0 – 16 

Minor to Moderate 16 – 25 

Moderate to Severe >25 

Notes: 
1. There is considerable uncertainty in estimating liquefaction-induced ground damage using severity index 

parameters such as LSN. These ranges are intended to provide a general indication of the damage that might 
typically be expected. However there can be a wide variation in land performance, even where ground 
conditions appear to be similar, with damage in some cases being much greater or less than inferred from the 
LSN index. 

2. These index values are intended only for use in this area-wide hazard assessment using the 
MBIE/MfE (2017) performance criteria. Different values or methodologies may be more 
appropriate for other purposes. 

3. These characteristic values utilise PL=15%. Alternate index values would need to be considered if 
other PL values are utilised. 

The outputs of this analysis for selected earthquake scenarios are shown below in Figure 4.3. For all 
geomorphic terrains for which investigation data is available, at the 25-year PGA (0.05g), the soils 
are not predicted to liquefy. Higher shaking levels at the 500-year (0.18 – 0.2g) and 1000-year (0.24 – 
0.26g) earthquakes are generally sufficient to cause liquefaction. Each CPT is plotted as a black line. 
The individual figure headers identify the selected groundwater depth and earthquake magnitude. 
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Alluvial lowlands and swamps 

 

Notes: number of CPT = 24 
The CPTs along the stopbank adjacent the estuary to the south of the airport have been removed from this analysis as they are 
unlikely to represent the soil conditions throughout the majority of the terrain.  

Alluvial plains and river flats  

 

Notes: Number of CPT = 10 
The CPTs at the wastewater treatment plant on the south side of Invercargill adjacent the estuary are not included in this 
analysis as CPT data is not available for these. Additionally, they are unlikely to represent the soil conditions throughout the 
majority of the terrain. 

Alluvial terraces 

 

Notes: Number of CPT = 6 
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Coastal dunes and shoreline 

 

Notes: Number of CPT = 7 

Reclamation fill 

 

Notes: Number of CPT = 27 

Figure 4.3: Earthquake scenario outputs for geomorphic terrains with CPT data available. 

4.3.3 The effects of sea level rise on liquefaction 

The assess the sensitivity of the various geomorphic terrains, we have carried out an assessment of 
the effect of changing groundwater depth on liquefaction vulnerability. LSN for the present-day 
median groundwater depth are compared to a sea level rise case with 0.5 m shallower groundwater 
depth for the two geomorphic terrains with more than 10 CPT available (reclamation fill, and alluvial 
lowland and swamps). Present-day groundwater depths are the median of the observed values, 
rather than the median modelled values. The results for reclamation fill and alluvial lowland and 
swamps are shown below in Figure 4.4.  

As previously discussed, there is not necessarily a direct relationship between sea level rise and a 
corresponding groundwater rise, and in some cases these CPT may not be close to the coast so the 
effect of sea level rise may be muted. In addition, the ‘present-day’ groundwater depth is subject to 
numerous uncertainties so will not necessarily represent groundwater depths. This analysis is 
provided for illustrative purposes. ‘Present-day’ is plotted in red, whilst the sea level rise scenario is 
plotted in blue. A consistent increase in LSN with shallower groundwater is clearly evident. Due to 
the high level nature of a Level A/B study, the effects of sea level rise, while clearly increasing the 
liquefaction hazard, will not materially change the outcomes of this assessment. 
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Figure 4.4: The effect of changing groundwater depth on liquefaction vulnerability 

4.3.4 Reclamation fill 

Typically, reclaimed land is formed by placing uncompacted or poorly compacted soil within existing 
waterways or the sea. These deposits are considered particularly susceptible to liquefaction as they 
are often loose and saturated (refer to Section 2.3 of the MBIE/MfE Guidance (2017)). Liquefaction 
analysis of existing subsurface data indicates these soils are susceptible to liquefaction.  

Reclamation fills are typically highly variable in nature which means there is a high degree of 
uncertainty associated with their soil characteristics.  

The Reclamation Fills mapped in the Study Area are low-lying and are adjacent to the coast. They are 
therefore likely to have shallow depth to groundwater (< 4 m) with the potential to be influenced by 
sea-level rise.  

In this terrain the potential for lateral spreading is consistent with the definition provided in the 
MBIE/MfE Guidelines (2017), that is in the presence of liquefaction-susceptible soils, lateral 
spreading is more likely to be possible in areas within 200 m of free faces more than 2 m high (such 
as the outer edges of reclaimed areas). 

Based on engineering judgement and in accordance with Section 4.5.2 of the MBIE/MfE Guidelines 
(2017), “…there is a probability of more than 15 percent that liquefaction-induced ground damage 
will be minor to moderate (or more) for 500-year shaking.” Therefore, the Reclamation Fills have 
been classified as “Liquefaction Damage is Possible”. 

4.3.5 Coastal dunes and shorelines 

The Coastal dunes and shoreline terrain is likely to comprise thick (> 5 m), Holocene-age deposits of 
sands and silts (which are susceptible to liquefaction) and are unlikely to contain a significant 
proportion of plastic sediments (which are not susceptible to liquefaction). These sediments are 
typically deposited in higher energy environments, which means the soils are likely to be denser 
than those found in lower energy environments. The densest soils are typically found within dune 
deposits adjacent to the open coast. Liquefaction analysis of existing subsurface data indicates these 
soils are susceptible to liquefaction to varying degrees. An exception to the above description is 
present on a few areas around Greenhills and Omaui, where the Coastal dunes and shorelines 
terrain is likely overlying sedimentary rocks. The sediments comprising this terrain in these locations 
are likely to be thin and are likely to behave more favourably than the majority of the sediments 
comprising this terrain.  
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Groundwater is also generally shallow (< 4 m) in this terrain because of the close proximity of the 
coastal margin and the low elevation. The proximity to coastal margins means that the depth to 
groundwater is likely to become shallower with sea-level rise. For these reasons, these terrains are 
identified as landforms that are commonly susceptible to liquefaction in Section 2.3 of the MBIE/MfE 
Guidance (2017).  

In this terrain the potential for lateral spreading is consistent with the definition provided in the 
MBIE/MfE Guidelines (2017), that is in the presence of liquefaction-susceptible soils, lateral 
spreading is more likely to be possible in areas within 200 m of free faces more than 2 m high. 

Based on engineering judgement and in accordance with Section 4.5.2 of the MBIE/MfE Guidelines 
(2017), “…there is a probability of more than 15 percent that liquefaction-induced ground damage 
will be minor to moderate (or more) for 500-year shaking”. Therefore, the majority of the mapped 
Coastal dunes and shoreline terrain has been classified as “Liquefaction Damage is Possible”.  

For the three small areas of this terrain where ground conditions are more likely to be favourable, 
with sedimentary rock located at or near the ground surface, there is greater uncertainty associated 
with the ground conditions and the depth to groundwater, and as a result there is currently 
insufficient information to characterise the expected land performance. Therefore, based on 
engineering judgement and in accordance with Section 4.5.2 of the MBIE/MfE Guidelines (2017), 
these areas of this terrain have been categorised as “Liquefaction Category is Undetermined” at this 
time.  

4.3.6 Alluvial lowlands and swamps 

Typically, soils found in this terrain are Holocene-aged and deposited in low energy environments 
forming loose and soft layers. The depth to groundwater is also likely to be shallow (< 4 m) within 
this terrain because it is generally associated with estuarine and swamp/wetland environments. The 
MBIE/MfE Guidance (2017) typically associates these alluvial terrains as being susceptible to 
liquefaction. Liquefaction analysis of existing subsurface data indicates these soils are susceptible to 
liquefaction. 

The characteristics of the soils comprising this terrain are highly variable in nature and vary spatially 
across the landscape. Alluvial sediments typically range from non-plastic sands and silts to plastic 
clays and silts. These soils typically contain soil layers that are susceptible to liquefaction.  

In this terrain the potential for lateral spreading is consistent with the definition provided in the 
MBIE/MfE Guidelines (2017), that is in the presence of liquefaction-susceptible soils, lateral 
spreading is more likely to be possible in areas within 200 m of free faces more than 2 m high (such 
as riverbanks, stop banks, streams and drainage ditches). 

Based on engineering judgement and in accordance with Section 4.5.2 of the MBIE/MfE Guidelines 
(2017), “…there is a probability of more than 15 percent that liquefaction-induced ground damage 
will be minor to moderate (or more) for 500-year shaking.” Therefore, the mapped alluvial lowland 
and swamp deposit terrain have been classified as “Liquefaction Damage is Possible”. 

4.3.7 Alluvial plains and river flats 

Typically, soils found in this terrain are Holocene-aged and deposited in low energy environments 
forming loose and soft layers. The depth to groundwater is also likely to be shallow (< 4 m) within 
this terrain because it is generally associated with active and historic river systems. The MBIE/MfE 
Guidance (2017) typically associates these alluvial terrains as being susceptible to liquefaction. 

The characteristics of the soils comprising this terrain are highly variable in nature and vary spatially 
across the landscape. Alluvial sediments typically range from non-plastic gravels, sands and silts to 
plastic clays and silts. These soils typically contain soil layers that are susceptible to liquefaction.  
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In this terrain the potential for lateral spreading is consistent with the definition provided in the 
MBIE/MfE Guidelines (2017), that is in the presence of liquefaction-susceptible soils, lateral 
spreading is more likely to be possible in areas within 200 m of free faces more than 2 m high (such 
as riverbanks, stop banks, streams, and drainage ditches). 

Based on engineering judgement and in accordance with Section 4.5.2 of the MBIE/MfE Guidelines 
(2017), “…there is a probability of more than 15 percent that liquefaction-induced ground damage 
will be minor to moderate (or more) for 500-year shaking.” Therefore, the mapped Alluvial Plains and 
River Flats terrain have been classified as “Liquefaction Damage is Possible”. 

4.3.8 Alluvial terraces 

This terrain comprises elevated land that is predominantly mid to late Pleistocene in age and 
includes sediments deposited in both high energy and low energy environments, which have both 
plastic and non-plastic behaviours. The older age of these sediments means that there is the 
potential for ageing effects to impact on liquefaction triggering as described in Section 3.3.2. As a 
result, there is significant uncertainty associated with the liquefaction vulnerability of this terrain. 

Due to the higher elevation of this terrain, the depth to groundwater is, on average, likely to be 
deeper (> 4 m) than the groundwater level in the previously described alluvial terrains. However, our 
analysis of available groundwater data indicates that there are some locations within this terrain 
where groundwater is shallower (< 4 m). These areas of shallow groundwater are most likely 
associated with gullies and streams that intersect the alluvial terraces. Note that these gullies are 
small and difficult to differentiate based on the information available and therefore many of the 
smaller gully features have not been mapped at the target scale for the geomorphic mapping 
(1:25,000). This also introduces a significant source of uncertainty into the assessment of this terrain.  

In this terrain the potential for lateral spreading is consistent with the definition provided in the 
MBIE/MfE Guidelines (2017), that is in the presence of liquefaction-susceptible soils, lateral 
spreading is more likely to be possible in areas within 200 m of free faces more than 2 m high (such 
as terrace edges and stream banks). However, as described above, there is currently significant 
uncertainty about the potential for ageing effects to impact on liquefaction triggering, and the depth 
to groundwater in this terrain.  

Due to the uncertainty associated with the ground conditions and the depth to groundwater, there 
is currently insufficient information to characterise the expected land performance. Therefore, 
based on engineering judgement and in accordance with Section 4.5.2 of the MBIE/MfE Guidelines 
(2017), in this terrain “Liquefaction Category is Undetermined” has been assigned at this time.  

As discussed in Section 3.3.6, in many of these areas the nature of the expected ground conditions 
suggests that if more detailed site-specific assessment was undertaken, it is likely that a category of 
“Low Liquefaction Vulnerability” could be assigned. For parts of this terrain, undertaking simple 
shallow hand auger boreholes to confirm soil properties and/or groundwater depths may be all that 
is required to determine which liquefaction vulnerability category applies3.  

  

 
3  Note that these comments only apply to site-specific studies undertaken for the purposes of satisfying Resource and 

Building Consent requirements. We are not suggesting that simple shallow hand auger boreholes would enable easy 
refinement of the liquefaction vulnerability category at a regional level.  
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4.3.9 Coastal terraces 

This terrain comprises elevated land that is predominantly mid to late Pleistocene in age and 
includes sediments deposited in both high energy and low energy coastal environments, which have 
both plastic and non-plastic behaviours. The older age of these sediments means that there is the 
potential for ageing effects to impact on liquefaction triggering. Furthermore, some younger alluvial 
lowland and swamp deposits overlie this terrain in some areas of the district. The are no subsurface 
investigations for this terrain. As a result, there is significant uncertainty associated with the 
liquefaction vulnerability of this terrain. 

Due to the slightly higher elevation of this terrain, the depth to groundwater is in some locations 
likely to be deeper (> 4 m) than the groundwater level in the previously described alluvial terrains. 
However, our analysis of available groundwater data indicates that there are some locations within 
this terrain where groundwater is shallower (< 4 m). These areas of shallow groundwater are most 
likely associated with swamps and streams that intersect or overlie this terrain. Note that these 
gullies are small and difficult to differentiate based on the information available and therefore many 
of the smaller gully features have not been mapped at the target scale for the geomorphic mapping 
(1:25,000). Additionally, this area only has the lower resolution DEM so the elevations of smaller 
scale topographical features are not visible. This also introduces a significant source of uncertainty 
into the assessment of this terrain.  

In this terrain the potential for lateral spreading is consistent with the definition provided in the 
MBIE/MfE Guidelines (2017), that is in the presence of liquefaction-susceptible soils, lateral 
spreading is more likely to be possible in areas within 200 m of free faces more than 2 m high (such 
as terrace edges and stream banks). However, as described above, there is currently significant 
uncertainty about the potential for ageing effects to impact on liquefaction triggering, and the depth 
to groundwater in the Coastal Terraces.  

Due to the uncertainty associated with the ground conditions and the depth to groundwater, there 
is currently insufficient information to characterise the expected land performance. However, as a 
large proportion of this terrain is overlain by alluvial lowland and swamp type deposits, “…there is a 
probability of more than 15 percent that liquefaction-induced ground damage will be minor to 
moderate (or more) for 500-year shaking”, in line with Section 4.5.2 of the MBIE/MfE Guidelines 
(2017) and engineering judgement. Therefore, the mapped coastal terraces terrain has been 
classified as “Liquefaction Damage is Possible”. 
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4.3.10 Hills and ranges 

This terrain comprises elevated landforms characterised by hills that are more rolling in nature. 
These land features ultimately depend on the underlying geological units (which are typically older 
than Pliocene aged). The ground conditions vary from exposed rock at the ground surface to thick 
deposits of residual soils.  

Based on the available information, it is likely that the residual soils within this terrain 
predominantly comprise plastic soils and rock that are not considered to be susceptible to 
liquefaction. However, while this terrain covers a small portion of the Study Area, there are no 
geotechnical investigations available to calibrate this assumption. Furthermore, minor valley systems 
within this terrain may contain alluvial deposits that may not have been captured within the 
geomorphic map (due to the 1:25,000 target scale of the geomorphic map). This introduces 
additional uncertainty into the assessment.  

The depth to groundwater is highly variable across this geomorphic terrain. As described in Section 
4.1 and Section 4.3, it has been categorised as follows:  

• In the elevated areas the depth to groundwater is likely to be more than 8 m. 

• In the minor valley systems, the depth to groundwater is likely to be highly variable depending 
on antecedent rainfall conditions and the position of the slope.  

In the minor valley systems, due to the uncertainty associated with the presence/absence of 
liquefaction-susceptible soils and the depth to groundwater, there is currently insufficient 
information to characterise the expected land performance. Therefore, in these locations this terrain 
has been classified as “Liquefaction Category Undetermined” at this time. 

In the elevated areas of the Hills and ranges terrain, rock is likely to be close to the ground surface 
and groundwater is likely to be deeper, however due to the low-resolution DEM available in this 
area we are unable to delineate between elevated and low-lying areas. This does not enable the 
boundaries between “Liquefaction Category is Undetermined” and “Liquefaction Damage is 
Unlikely” to be reliably mapped.  

Due to the uncertainty associated with the ground conditions and the depth to groundwater, there 
is currently insufficient information to characterise the expected land performance. Therefore, 
based on engineering judgement and in accordance with Section 4.5.2 of the MBIE/MfE Guidelines 
(2017), in this terrain “Liquefaction Category is Undetermined” has been assigned at this time. 
Unlike the other terrains within the Study Area that are categorised as “Liquefaction Category is 
Undetermined”, following site-specific assessment it is likely that the majority of this terrain could 
be categorised as “Liquefaction Damage is Unlikely” due to the presence of dense rock at or near the 
ground surface. For parts of this terrain, undertaking a site walkover and/or simple shallow hand 
auger boreholes to confirm soil properties and/or groundwater depths may be all that is required to 
determine which liquefaction vulnerability category applies.  
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5 Discussion and recommendations 

5.1 Results of this assessment 

T+T has completed a Level A and B assessment to assess the liquefaction vulnerability of the 
Invercargill City Council area in accordance with the MBIE/MfE Guidelines (2017). The key 
conclusions and recommendations are: 

• The land within the Study Area has been classified into one of two liquefaction vulnerability 
categories: “Liquefaction Category is Undetermined” or “Liquefaction Damage is Possible”. 
The currently available information does not support further classification of the land into the 
other more precise categories of “Very Low”, “Low”, “Medium” and “High”. 

This degree of liquefaction vulnerability categorisation precision is consistent with a district 
scale assessment (such as this) undertaken to a Level A/B level of detail.  

• The liquefaction outputs of this assessment provide a district-wide base layer which will be 
useful to help guide Resource Consent and Building Consent applications within the Study 
Area. In most cases, it is likely that further liquefaction vulnerability assessments will need to 
be completed to a higher level of detail to satisfy council and Building Code requirements.  

• To assess whether land is “prone to liquefaction or lateral spreading” within the context of the 
upcoming Building Code amendments we recommend the following: 

− Land that has been categorised as “Liquefaction Damage is Possible” is considered to be 
“prone to liquefaction or lateral spreading” and therefore does not meet the definition 
of “Good Ground” as outlined in the Building Code amendments. Note that subsequent 
liquefaction vulnerability assessment at a higher level of detail may result in 
reclassification of the land into a different category and whether it meets the definition 
of “Good Ground” should be reconsidered based on that new information. 

− Land that has been categorised as “Liquefaction Damage is Unlikely” is considered to be 
“not prone to liquefaction or lateral spreading” within the context of the definition of 
“Good Ground” as outlined in the Building Code amendments. Note there may be other 
reasons why the definition of “Good Ground” is not satisfied at a particular site (e.g., 
the presence of compressible or expansive soils) and the person specifying the 
foundation solution will need to undertake their own assessment for these factors 

− For land that has been categorised as “Liquefaction Category is Undetermined” as part 
of this assessment, there is currently insufficient information to determine whether it is 
“prone to liquefaction or lateral spreading” within the context of the definition of 
“Good Ground” as outlined in the Building Code amendments. Note that subsequent 
liquefaction vulnerability assessment at a higher level of detail will likely result in 
reclassification of the land into a different category and whether it meets the definition 
of “Good Ground” should be reconsidered based on that new information. 

As part of the liquefaction vulnerability assessment process, we have developed a geomorphic map 
of the Study Area that categorises the land into seven geomorphic terrains. This map has been 
developed at a scale of approximately 1:25,000 (i.e. high-level) for the specific purpose of 
categorising liquefaction vulnerability.  
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5.2 Potential future work to reduce uncertainties 

Invercargill City Council may choose to improve the resolution of the liquefaction vulnerability 
output to promote additional uses of the liquefaction vulnerability information. The two main areas 
where additional base information would be required to support more detailed studies are 
geotechnical investigations, groundwater information and ground surface elevation data. 

Potential steps to improve the available information are: 

• Geotechnical investigations: A key source of uncertainty in this liquefaction assessment is the 
lack of geotechnical investigation data throughout much of the Study Area. This information is 
important for both the assessment of liquefaction vulnerability and for other future 
applications.  

To help make more geotechnical investigation data available, council may wish to consider: 

1. Identification of geotechnical investigations from historical projects and uploading 
of these investigations onto the New Zealand Geotechnical Database (NZGD).  

2. Advocating uploading supporting geotechnical investigations onto the NZGD as part 
of the process of evaluating resource and building consent applications. Local 
engineering and scientific practitioners may need to be educated about why this 
sharing of information is important.  

3. Engagement of suitably competent geo-professionals to undertake geotechnical 
investigations within given areas of the Study Area where more information about 
the ground conditions is required (e.g., areas where a Level B, C or D level of detail 
is targeted). Table 3.5, 3.6 and 3.7 in the MBIE/MfE Guidelines (2017) provide 
additional information relating to higher level of detail studies. For example, if a 
land use or subdivision consent application was proposed for urban residential land 
that had been categorised as “Liquefaction Damage is Possible”, it would be likely 
that a Level B or Level C level of detail assessment would be required for the 
consent application. 

• Groundwater information: A key source of uncertainty in this liquefaction vulnerability 
assessment is the limited amount of groundwater information in the Study Area. While not 
critical for this Level A/B assessment, detailed information about shallow groundwater levels 
becomes increasingly important when targeting higher level of detail liquefaction vulnerability 
studies. It also provides a valuable data source for other purposes such as asset management 
and this information is likely to be particularly useful in areas where the effects of sea-level 
rise may influence groundwater conditions.  

To help facilitate the collection of more detailed groundwater data, council could consider 
installing a network of piezometers to monitor groundwater level fluctuations over time. This 
data could also be used to develop depth to groundwater surface models. 

• Ground surface elevation data: A key source of uncertainty in this assessment is the relatively 
low resolution DEM that was relied on outside of the areas where higher resolution LiDAR 
data was available. A LiDAR-derived DEM for the whole district would enable more accurate 
mapping of geomorphic boundaries, and better identification of smaller scale topographical 
features.  

 

The outputs of this assessment have been provided in a geospatial format which can be displayed 
and viewed on a GIS platform. 
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6 Applicability 

This report has been prepared for the exclusive use of our client Invercargill City Council, with 
respect to the particular brief given to us and it may not be relied upon in other contexts or for any 
other purpose, or by any person other than our client, without our prior written agreement. 

Recommendations and opinions in this report are based on data from individual geotechnical 
investigation locations. The nature and continuity of subsoil away from these locations are inferred 
and it must be appreciated that the actual conditions could vary from the assumed model.  

This assessment has been made at a broad scale across the defined Study Area and is intended to 
describe the typical range of liquefaction vulnerability across areas of similar ground conditions in an 
approximate way only. It is not intended to precisely describe liquefaction vulnerability at individual 
property scale. This information is general in nature, and more detailed site-specific liquefaction 
assessment may be required for some purposes (e.g. for design of building foundations). 
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Appendix A: Risk identification 

• Figure A1 – Target level of detail 

• Figure A2 – Ground surface elevation 

• Figure A3 – Geomorphons produced from topographical screening tool 

• Table A1 – Geomorphic terrain descriptions 

• Figure A4 – Geomorphic map of Study Area 
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• Figure A6 – Shallow groundwater monitoring locations within Study Area 
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Geomorphic 

Terrain
Geological Age Typical Groundwater Depth

Liquefaction 

Vulnerability 

Classification

Reclamation fill Holocene 1 - 3 m Possible

Coastal dunes and 

shorelines
Holocene 1 - 3 m

Possible and 

Undetermined*

Alluvial lowlands and 

Swamps
Holocene 0 - 2 m Possible

Alluvial Plains and 

River Flats
Holocene 0 - 3 m Possible

Alluvial terraces
Middle - Late 

Pleistocene

2 – 4 m (however likely to be more variable 

than other alluvial terrains)
Undetermined

Coastal terraces
Middle - Late 

Pleistocene
1 - 4 m Possible

Hills and Ranges Older than Pliocene

Ridge lines and elevated areas assumed to 

be more than 8 m depth. 

Sloping land assumed to be highly variable 

depending on antecedent rainfall and 

position on slope.

Bottom of valleys and gullies assumed to be 

less than 4 m

Undetermined

Terrain characterised by gently rolling low terraces, often up to 30m above sea level, formed as glacial outwash 

terraces. Covers land to the north and east of the project area. The terraces typically comprise Pleistocene-age or 

older alluvium. Elevated above active coastline and represent historic shorelines in district.

Invercargill CBD

*Three small areas of the Coastal dunes and shorelines terrain has been categorised as "Liquefaction Category is Undetermined" due to the likely presence of dense rock at or near the ground surface.

Representing both sand dune systems and beach ridges within the area. Dune systems associated with the present-

day shoreline, are typically to the west of the project area, comprising sand dunes which are actively subject to 

windblown and coastal processes, both onshore and inland. Gravel dominant beach ridges are identified to the south 

of the project area. Difficult to map accurately in some areas due to anthropogenic land use changes.

Tiwai point, Sandy Point

Appendix A Table A1: Description of geomorphic terrains

Terrain Description Type Location

Uncontrolled and engineered fill, reworked natural soils or construction waste, inferred to be > 3m thick.  Bluff harbour

This terrain is characterised by low terraces of previous shorelines, set back from the modern-day shoreline in the 

south-east of the project area. This unit is often capped with peat, mapped in the Alluvial lowland and swamps 

terrain. This terrain is likely to be younger shorelines in front of historic shorelines shown in the district.

Awarua

Terrain characterised by elevated topography which is often capped with residual soils. Covers the hills around Bluff 

to the south of the project area.  It represents the oldest terrain in the project area. 
Bluff  

This terrain is typically characterised by low lying, flat topography comprising streams, rivers, estuaries and swamps. It 

represents significant wetland and swamp deposits visible at 1:25,000 scale.  Difficult to map accurately in some areas 

due to anthropogenic land use changes and slight changes in elevation. This terrain is one of the youngest in the 

project area.

Awarua Wetlands

This terrain represents the sediments deposited from the active and historic river systems within the district. The 

surface of this terrain typically increases in elevation in a landward direction from the coast. This terrain is one of the 

youngest in the project area.

Along the Oreti River











 

 

Appendix B: Risk analysis 

• Figure B1 – Liquefaction vulnerability categories for Study Area 
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