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ABSTRACT 
 
Experience from natural hazard events highlights the importance of hazard, vulnerability and risk 
assessments in land use planning, to ensure the future resilience of communities.  Wanganui District 
Council is currently undertaking a review of its District Plan, and has identified the need to manage 
risks from land instability.  Investigation of the extent of land within Wanganui at risk of land slip has 
identified a list of Land Stability Assessment Areas which are priorities for further study.  Mapping of 
the distribution and characteristics of slope instability hazards was carried out within those areas.  
Instability features observed during the mapping include shallow seated topsoil and regolith slides, 
shallow seated slumps and slides on cut slopes, creep failures of soil and vegetation, earthflow-type 
failures of surficial soils, and larger deep seated landslide features in the underlying siltstone bedrock.  
Qualitative assessment of risks to people and property were used to define two levels of landslide 
hazard.  Areas classified as type A comprise land that is steep and shows evidence of instability, with 
a high risk of further instability and damage to property or life.  Areas classified as type B are marginal 
slopes, which have shallower slope angles but are still prone to instability.  The results of the mapping 
are incorporated into the District Plan through overlay maps and by introducing objectives, policies 
and rules that apply additional considerations and restrictions specific to the land instability issues 
present in each area.  This policy represents a proactive approach to development in hazard prone 
areas.   
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1 INTRODUCTION 
 
Natural hazards can cause severe damage and loss of life, as demonstrated recently by the 2010-
2011 Canterbury Earthquakes, the 2011 flooding in Queensland and the 2011 earthquake and 
tsunami in Japan.  These events highlight the importance of enhancing the resilience of society to 
natural hazards.  Planning measures provide a valuable mechanism to develop land in a sustainable 
manner and to achieve resilience.  These measures range from hazard mapping and dissemination, 
consideration of hazard effects in zoning land, and district plan rules to guide development to improve 
resilience (Brabhaharan, 2013).   
 
Wanganui District Council is currently undertaking a staged review of its District Plan, which includes 
investigating ways to manage natural hazards.  Wanganui District is affected by a number of natural 
hazards; in particular, parts of the urban area are susceptible to slope instability and erosion.  
Consideration of the extent of the land within the Wanganui District at risk of land slip has identified a 
list of Land Stability Assessment Areas which are priorities for further study.  These areas are being 
examined in a staged approach to identify the extent of susceptibility to land instability hazards.  The 
objective of this study was to identify areas prone to land instability and address the particular issues 
associated with subdivision, use or development of sites within those areas.  This paper presents the 
results of the study. 
 
2 STUDY AREA 
 
The Land Stability Assessment Areas identified for investigation of land instability issues consist of 
suburban areas in hilly terrain around Wanganui.  The study area consists of developed land, with 
existing residential properties, and undeveloped land typically on the steeper hillside slopes.   
 
To date, investigation has focused on the suburban areas of Durie Hill and Bastia Hill in eastern 
Wanganui, as shown in Figure 1.   
 



 
 

Figure 1. Location map 
 

3 STUDY METHODOLOGY 
 
The following approach was taken in carrying out this study: 

 Identify areas with potential for land instability issues for further study.  Wanganui 
District Council has identified 12 urban areas within the district with potential for land 
instability issues, which are being investigated in a staged approach.   

 Identify the geology and geomorphology of the study areas, through examination of 
stereo aerial photographs, a desk study of geology maps and other available 
information, and reconnaissance-level engineering geological mapping to observe and 
describe the geology and geomorphology of the study areas, and in particular to 
identify areas of instability and other hillslope features. 

 Characterise the slope angle of hillslopes and the hillside slope angles generally 
susceptible to instability.  The hillslope characteristics that influence the location and 
nature of instability features were identified during the desk study and mapping 
phases and captured onto a GIS platform.  The GIS database allows the distribution 
and extent of instability hazards and affected areas to be mapped spatially. 

 Carry out a simple qualitative assessment of the instability risks, to assist in 
differentiating areas of hillslope based on the slope instability risks. 

 Develop a classification scheme for the slope hazards, to enable areas of slope to be 
mapped based on their level of susceptibility to the hazards and the potential for 
consequent risks (referred to as Land Stability Assessment (LSA) Area 
classifications). 

 Produce LSA maps and recommend planning policies and rules to ensure that 
development avoids or mitigates the instability hazard potential. 
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4 GEOLOGICAL SETTING 
 
4.1 Geomorphology 
 
The study area consists of flat-topped hills in eastern Wanganui, that rise to c. 100 m above 
Whanganui River.  The hills are remnants of uplifted Quaternary marine terraces, and consist of 
broad, flat to gently sloping hilltops flanked by moderately steep to very steep hillsides.  
 
The terraces have been incised since their uplift, resulting in steep gullies and side slopes.  Slope 
angles generally range between 25° to 55°, with localised near-vertical sections of slope (cliffs and 
bluffs).   
 
Land use in the study area is predominantly residential, with residential development of the hillsides 
and crests beginning in the early 1900s.  Vegetation cover varies from grass and low scrub to mature 
exotic forest.   
 
4.2 Geology 
 
The Wanganui area is underlain by rocks belonging to the Shakespeare Group, comprising 
sandstone, siltstone, bioclastic limestone and conglomerate, and locally overlain by marine terrace 
deposits of marine sand, dune sand, volcanic sand and lignite bands with basal conglomerate.  These 
rocks are of Pleistocene age (NZGS, 1959; GNS Science, 2008).   
 
Observations made during the engineering geological mapping were that the siltstone and sandstone 
materials are exposed within the study areas.  These rocks are overlain on the hillslopes by variable 
thicknesses of colluvium and topsoil.  In areas where outcrop exposures of the soils were observed, 
these slope-derived deposits are generally less than 2 m thick, although this thickness increases 
down-slope and in gullies where more extensive fan and slip deposits have accumulated. 
 
5 SLOPE INSTABILITY HAZARDS  
 
The slope materials in the eastern Wanganui urban area are predominantly siltstone, sandstone and 
conglomerate of Quaternary age.  These are overlain by a surficial zone of soil comprised of highly 
weathered rock, colluvium, loess and topsoil.  These materials are susceptible to failure, particularly 
on sparsely vegetated slopes following prolonged or intense rainfall.  A range of instability features 
were recorded during the engineering geological mapping.  These include: 

 Topsoil and regolith slides, with areas of deflated/evacuated hillslopes showing 
evidence of previous failures;  

 Shallow seated slumps and slides on steep slopes (e.g. Figure 2a); 

 Creep failures of soil and vegetation; 

 Cracking and rotation of footpaths at slope crests (e.g. Figure 2b); 

 Earthflow-type failures of surficial soils; 

 Larger, deep-seated rotational landslide features, predominantly observed from 
analysis of historic stereo-pair aerial photos. 

 
Engineering geological mapping of landslides within the study areas has shown instability is apparent 
on hillsides with slope angles of greater than 40°.  Slope failures are common on hillsides with slope 
angles greater than 50°, and in particular include more deep seated failures.  An example of mapped 
instability features and slope angles is shown on Figure 3.  In some localised areas, slopes of less 
than 40° also showed instability features, however this was generally restricted to shallow translational 
failures of topsoil/regolith.  Slopes with angles of 30° to 40° are generally marginally stable. 
 



    
 

Figure 2. Typical slope instability features: (a) shallow seated slips on steep hillslopes and (b) 
progressive failure/rotation of footpath/road embankments 

 

 
 

Figure 3. Geomorphic map of typical instability features and associated slope angles 
 



6 RISK ASSESSMENT AND LAND USE PLANNING FOR SLOPE HAZARDS 
 
A qualitative risk assessment to property from failure of the hillslopes has been undertaken with 
reference to the guidelines for landslide susceptibility, hazard and risk zoning (AGS, 2007a) and 
landslide risk management (AGS, 2007b) published by the Australian Geomechanics Society.  A 
summary of the qualitative risk assessment is presented in Table 1.   
 
Table 1: Qualitative risk assessment table (AGS, 2007a) 

Likelihood
a 

Consequences to property
b

 1 
Catastrophic 

(200%) 

2 
Major 
(60%) 

3 
Medium 
(20%) 

4 
Minor 
(5%) 

5 
Insignificant 

(0.5%) 

A: Almost certain (10
-1

)
 

Very high Very high Very high High Moderate
c 

B: Likely (10
-2

) Very high Very high High Moderate Low 

C: Possible (10
-3

) Very high High Moderate Moderate Very low 

D: Unlikely (10
-4

) High Moderate  Low Low Very low 

E: Rare (10
-5

) Moderate Low Low Very low Very low 

F: Barely Credible (10
-6

) Low Very low Very low Very low Very low 
a
 Indicative approximate annual probability  

b
 Indicative approximate cost of damage as a percentage of the value of the property 

c
 For Cell A5, may be subdivided such that a consequence of less than 0.1% is Low Risk 

 

Two Land Stability Assessment (LSA) areas were proposed to assist the Council in its objective to 
manage the risks from instability hazards, as described below. 
 
6.1 Area A: Areas of high to very high landslide hazard risk 
 
Area A consists of slopes showing precedent for instability and having steep slope angles of greater 
than 40°.   
 
The slopes classified in this area generally comprise three parts, which are shown in Figure 4: 

1. A setback zone at the crest of the cliff, where failure of the slope below will 
undermine, or to allow for natural regression of the cliff to a more stable slope angle.  
For the purposes of this assessment, we have assumed a characteristic angle of 45° 
from the toe of the slope for defining the boundary between the setback zone and 
landsliding zone. 

2. The landsliding zone – the steep section of the cliff, where landsliding occurs, or has 
occurred in the past. 

3. The run-out zone, where landslide debris collects at the toe of the slope.   
 
The recurrence interval for failure is expected to be approximately 10 to 50 years, giving a likelihood of 
failure of almost certain to likely during the design life of buildings.  Such failures have the potential to 
cause extensive property damage and would likely require major engineering works for stabilisation, 
giving a consequence of failure of major to catastrophic.  The risk rating for such areas is therefore 
very high (shown as the darker grey area on Table 1), and is unacceptable.  On this basis, subdivision 
and new dwellings are actively discouraged within Area A. 
 



 
Figure 4. Typical cross-section through an Area A hillslope section 

 
6.2 Area B: Areas of moderate landslide hazard risk  
 
These areas have shallower slope angles of 30° to 40° but still show some evidence of instability.  
Failures may occur less frequently on these marginal slopes and/or may be smaller in extent, 
depending on site-specific conditions, such as the type and thickness of colluvium and the prevailing 
groundwater conditions.  Therefore the recurrence interval will be variable for marginal slopes – 
perhaps 50 to 1000 years, giving a likelihood of failure of likely to possible.  Property damage is likely 
to be less severe, and the structures may not be completely destroyed, giving a consequence to 
property of medium to major.  The level of risk to property is therefore moderate to high (shown as the 
lighter grey area on Table 1). 
 
Area B consists of marginal land, with a significant landslide hazard, requiring prior geotechnical 
investigation to confirm its suitability for development.  Assessment of the landslide hazard and risk to 
development is required prior to consideration of any development as part of the consenting process.  
The outcome of geotechnical investigations will determine if the risk to property is moderate, high or 
very high, depending on factors such as the thickness and type of colluvium and groundwater levels.  
An outcome of very high risk may mean the land will be unsuitable for development (and therefore re-
classified within Area A), whereas a moderate risk may mean the land can be developed, with 
mitigation measures designed and implemented to reduce the risk to low.  The geotechnical 
assessment needs to demonstrate that a low to very low risk can be achieved with mitigation. 
 
6.3 LSA Area Maps  
 
The results of the risk assessment have been used to produce LSA Area maps for hillslopes within the 
study areas, as shown in Figure 5.  The landslide hazard maps are being incorporated into Wanganui 
District Council’s District Plan by way of a Land Stability Assessment overlay on the district planning 
maps, as well as introduction of objectives, policies and rules relating to the LSA Areas.  The LSA 
Areas do not replace the existing Residential or Outer Commercial zone for properties, but apply 
additional considerations and restrictions specific to the land instability issues present in each area. 
 
 
 



 
 

Figure 5. Land Stability Assessment Area map  
 
 
 



7 CONCLUSIONS 
 
Early integrated focus on land use planning by town planners and geotechnical engineers is important 
to ensure that hazards and their consequences to the built environment are taken into consideration in 
zoning for urban development.  This requires these professionals to work together with focus on 
resilience from an early stage (Brabhaharan, 2013).   
 
Wanganui District Council is currently undertaking a review of its District Plan, and has identified the 
need to manage risks from land instability within the district.  Consideration of the extent of land within 
Wanganui at risk of land slip has identified a list of areas which have been prioritised for further study.  
Mapping of the distribution and characteristics of slope instability hazards was carried out within those 
areas.   
 
Qualitative assessment of risks to people and property were used to define two levels of landslide 
hazard.  Areas classified as type A comprise land that is steep and shows evidence of instability, with 
a high risk of further instability and damage to property or life.  Council is discouraging subdivision and 
new dwellings in these high risk areas.  Areas classified as type B are marginal slopes, which have 
shallower slope angles but are still prone to instability.  Geotechnical investigations should be carried 
out prior to any development proposal being submitted for resource consent.  The investigations are 
required for detailed assessment of the slope stability hazards.  The investigations and assessment 
will determine the risk to property from landsliding, and therefore whether the land is suitable for 
development, with mitigation measures implemented, or whether it is unsuitable for further 
development. 
 
Inappropriate land use planning can lead to unsuitable development of hazardous land.  This project 
sets a landmark framework for land use planning considering land instability hazards in developed 
urban areas.  The results of the study raise public awareness about the existence of natural hazard 
risks and facilitate an informed decision to ensure development avoids or mitigates the risk.  This will 
help achieve greater resilience of the community to natural hazards through a proactive approach to 
land use and development in hazard prone areas.   
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