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ABSTRACT 

At the heart of a resilient community is building on land with a low instability risk. With population 

growth driving development in Northland new buildings are intersecting the area’s complex and 

commonly unstable geology on a frequent basis. For Northland to be building a resilient community 

it is essential the engineers, geologists and technicians assessing land stability are equipped to do it 

well. They need to remember to look past the natural inclination to please the client with a positive 

result, ensuring we are building resilient communities by building on only the right land. 

In assessing land stability there is a lot of “grey” and significant judgement is required. This paper 

sets out to demonstrate some of the key tools in land stability assessment by presenting observations 

from six known landslips in a range of settings across North Auckland and Northland. In these 

assessments the author reflects, “without prior knowledge could the site have been identified as 

potentially unstable?”.  

The paper presents use of site observations, site setting, historic and recent aerial photography, 

LIDAR, text references and mapped geology as the basis of the assessments. It intends to provide 

cases that can be used to build judgement for assessing land stability in Northland and to serve as a 

reminder that relic observable landslip features often do have ongoing intermittent movement.  

1 INTRODUCTION 

The challenge of limiting residential development to adequately stable land, or suitably stabilised land, is an 

ongoing process. It is a human issue, fraught with all our various challenges and vagaries – different 

individual experience and knowledge, different technical training, differing past mentors, differing views and 

opinions, differing regulatory approaches, commercial pressures, client expectations and finally varying 

definitions of “acceptable”. A reminder of the ongoing nature of this task is highlighted by landslides that 

have recently occurred in Whangarei during earthworks to prepare a site for development. The site is in a 

zone denoted by engineering geological mapping in 1975 as has having “high susceptibility of failure of 



 

2 

 

natural slopes” (Brown, 1975). High risk instability zoning for the site has continued to the present. The site 

had remained undeveloped for many years due to the known challenges. 

The most effective method of ensuring a resilient community, with respect to land stability, is building on 

land with a low instability risk. This is very important for small scale development where mitigation is often 

uneconomic. This paper presents six case studies of known landslips as a reminder of the tools and 

information sources that can assist engineers, geologists, and technicians in identifying high risk land. For 

each site comment is made as to if, without prior knowledge of movement, the site could have been 

identified as potentially unstable. The case studies overview a range of landslip types, settings, and geology. 

This paper is not intended as a guide on how to assess land stability, nor does it seek to present all the 

available methods and information sources available. It is intended to compliment and develop the existing 

knowledge of those working in the geotechnical engineering/engineering geology field in Northland. It is 

hopefully particularly relevant to those nearer the start of their career in the geotechnical field. 

Along with the technical aspects of this field there is also a client/job management aspect. The reader is 

reminded to set yourself up to be able to complete an unbiased assessment of the stability of a site. Assessing 

a site as stable is often an easier route for the project but this should in no way be allowed to influence our 

assessment. When a client calls, don’t make promises you can’t keep by committing to or implying a likely 

favourable outcome where it may not be so. Where issues may be evident tell the client the honest truth 

about the setting of their site and set yourself a realistic scope that can provide the right answers. The land, 

and any associated issues, were already in existence and are owned by the client - not you. An assessment 

that the land might be unstable is the honest truth – it is never you “creating” a problem for the client.  

A brief desktop study has never been so practical and easy to do upfront. By the end of a 15 minute phone 

call you can review aerials on Google Earth, review Google Street View, review the geological map online, 

check the hazard zoning (if available) and LiDAR for all of Northland has now been released.  

2 RESOURCES USED 

A list of the main resources used in this paper is given below. We no longer have to hire a light plane to see 

our sites from the air, as suggested by one paper presented at a 1980’s NZGS conference! 

• Retrolens.nz for historic aerial photo images 

• Google Earth for more recent aerial images  

• Google Street View in google maps for current and older street view images 

• GNS Qmap 1:250,000 Geological maps and other 1:25,000 to 1:100,000 scale maps for urban areas or 

specific regions. The accompanying texts, regional geological sections and local geology stratigraphy are 

also valuable resources so reliance on online GIS layers alone is not recommended  

• GNS online Landslip Database https://data.gns.cri.nz/landslides/index.html 

• Local Council GIS webviewers for LiDAR based contours and copies of terrain models supplied on hard 

drives 

• Hazard zoning reports and GIS layers on local Council GIS systems 

• Stereo pair photo software to allow on-screen viewing, panning and zooming of aerial photo stereo pairs. 

This makes the best use of the high resolution historic aerial images we can now freely access. Free 

software can be downloaded here: http://stereo.jpn.org/ and red blue glasses are cheap on Trade Me 

• QGIS software which is free and opensource. It is particularly useful for smaller companies without 

inhouse GIS support to produce and manipulate terrain shaded models with/without aerial image overlay 

• Region specific geology books, such as “Out of the Ocean, into the Fire” by Bruce Hayward 

https://data.gns.cri.nz/landslides/index.html
http://stereo.jpn.org/
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The references included at the end of this paper also include several papers and articles that may be of use to 

the reader. Many of these can be obtained from the library on the NZGS website.  

3 CASE STUDIES 

The six case studies below are of sites that all have strong evidence of actual movement having occurred 

within the last 15 years. Accordingly, these sites are not just “high risk”, they are/were indeed unsuitable for 

development in accordance with the Building Code unless mitigation measures that are robust, reliable and 

economic could be completed. 

3.1 Lingham Crescent, Torbay, Auckland North Shore 

While this example is in Auckland it is equally relevant to some areas of Northland. It was first known to the 

author in 2007, when creeping movement was observed to be affecting a dwelling. Previous repairs to the 

dwelling were evident and a concrete block wall, approximately 2 m in height, already rebuilt with a piled 

toe, was suffering from excessive rotation/deflection. The landslip extent and nature became much more 

notable in the winter of 2008 when the landslip moved several hundreds of millimetres over a period of about 

two weeks. Several surrounding houses were evacuated, and movements were reduced with the installation 

of drilled drainage. The landslip was subsequently remediated with a series of in-ground reinforced concrete 

retaining walls and ground anchors. 

The site is underlain by the East Coast Bays Formation. The 1969 aerial photo shows the roading 

infrastructure for the area under construction, with housing construction inferred in the 1970’s. The landslip 

location is shown on the GNS online landslip database. The approximate location of the landslip is annotated 

on a 1950 aerial photo below: 

The site was seen as fit for development in the early 

1970’s but clues to the unstable nature are evident 

without knowledge of actual movement. In Figure 1 

the main east-west ridgeline has formed with a 

highly irregular shape. While the actual landslip 

location is obscured with bush, multiple relic 

landslip scarp features are evident both to the north 

and south along the ridgeline. From the common 

landslip features and irregular shape of the ridgeline 

it can be inferred that many slopes in the area 

naturally have low levels of stability.  

If the site is viewed in the wider context, it will be 

noted that it is less than 5 km from the southern 

margin of the Northland Allochthon. It is reasonably 

widely accepted that the emplacement of the Allochthon has disturbed the East Coast Bays Formation in this 

area, making it much more landslip prone that the same unit within Central Auckland. If assessed without 

prior knowledge of actual movement, the site should have been able to be identified as being at high risk of 

instability, although the particular location may not have been identified.  

3.2 Don Buck Road/Jammen Drive, Massey 

The occurrence of two landslips below Don Buck Road in Massey are documented within publicly available 

property file information from Auckland Council. The first landslip occurred in 2007 during earthworks to 

develop Jammen Drive and was limited to the development site and consequently remediated. The second 

occurred in 2015 during earthworks to extend Jammen Drive and resulted in damage to upslope properties. 

2008 landslip 

indicative location 

Figure 1: 1950 Aerial Photo annotated with 

indicative landslip location. Sourced from 

retrolens.nz and licensed by LINZ CC-BY 3.0  
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Movement was measured at 13.5m depth.  The property file information documents an inground wall to 

remediate the land on the upslope properties. The site geology is mapped as being underlain by the East 

Coast Bays Formation and the landslips likely occurred on low strength bedding planes.  

Figure 2 below shows the approximate landslip locations on an extract of a Figure included in the 2001 

NZGS conference proceedings (Tilsley et al 2001). Figure 2 was based on a 1:5,000 regional scale mapping 

project for Auckland Council planning purposes. 

 

Figure 2: Part extract of Figure 1 from the 2001 paper titled “Land Development Zones for Structure 

Plans” (Tilsley et al 2001). Reproduced with permission. 

The inclusion of the subject area as an excerpt in their paper is entirely coincidental. What is evident is that 

they have mapped a clear landslip feature and zoned the area as “Land may be unsuitable for development; 

severe limitations”. The hazard zoning study had accurately identified the stability risks of the site that 

became very evident when earthworks to enable development of the site twice triggered movement. The 

landslip morphology of the site may be reasonably clearly observed on the 2001 Auckland Council Geomaps 

image and 1940 aerial photos. With suitable review of either the hazard zoning study or the aerial images the 

site could be readily identifiable as being at high risk of instability. 

3.3 Hihitahi Rise, Paihia 

A landslip extending across Hihitahi Rise, immediately west of the intersection with Te Haumi Drive has 

been known for some time. Hihitahi Rise and Te Haumi Drive extend along moderately broad crested 

ridgelines modified to have adequate width for housing development on both sides. The ridgelines are steep 

sided and elevated 30 m to 50 m above the valley bases. This landslip is unusual in that it comprises a deep 

seated (>20 m by inclinometer monitoring) defect-controlled slide within Greywacke (Waipapa Group). It is 

a style of failure rarely observed and often not considered in stability assessments in Greywacke. It is 

therefore a useful case to see if the unstable nature of the site may have been able to be identified in advance. 

A review of the QMap does not provide any unusual indications; volcanic and melange zones in the 

greywacke are shown on in the surrounding area but not at this site. The slopes are bush clad and geomorphic 

features are not readily visible on Google Earth. A near complete dwelling is visible in 2004 and later 

demolished due to landslip damage.  

The earliest aerial photo available is 1953. The site is covered in scrub, but it is readily apparent that the 

ridgelines in the wider area are sharper, indicating likely earthworks during development of the area. In 1971 

bush is maturing further obscuring the site. Earthworks are visible in 1981, with the width of cleared area 

much greater in the landslip zone, indicating greater than average cutting or more likely filling. 

Approximate 2007 

landslip location 

Approximate 2015 

landslip location 
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The 1953 aerial photos were viewed stereoscopically onscreen using a red/blue anagram. The photos 

provided a vivid 3D effect and slope features in the wider area were readily apparent, a reminder of the 

importance to view aerial photos as stereo pairs where available. In places you literally peer through the trees 

to see the ground. Typical landslip morphology is not readily apparent, although the typical sharp ridgeline is 

absent in the landslip location which has a broader crested saddle at lower elevation to the adjacent ridgeline. 

The north facing slope within the landslip appears to have a subtly bulging shape and the cross-valley slope 

appears steeper than typical of the surrounding area. The signs are subtle and easily missed.  

  

Figure 3a & 3b: 1953 Aerial Photo image (left) with annotated landslip location (red line) and red-blue 

anagram stereopair (right). Photos sourced from http://retrolens.nz and licensed by LINZ CC-BY 3.0  

Several years back the author traversed the site and observed the stream in the gully below. The south side of 

the gully had several shallow slumps visible that were suggestive of toe movement into the stream, resulting 

in erosion and oversteepening of the slope immediately above the stream. Again, this was subtle, particularly 

in comparison to streams below Allochthon slides where toe movement can be very evident.  

While no evidence is available, it is inferred possible that movement may have been evident from damage to 

the road pavements and services in the first decade after formation in the early 1980’s. With appropriate 

observation it is quite likely the landslip could have been identified prior to the construction of dwellings in 

the early 2000’s that were subsequently damaged. This inference is based on the reoccurrence of movement 

several times in the last two decades and the current very significant vertical offsets in the Hihitahi Rise 

pavement. It may have been difficult to identify the slide prior to development (the possible presence of 

natural surface features is unknown) but likely possible to identify once roads had been formed and some 

intermittent displacement of pavement had occurred. 

3.4 Signal Station Road, Omapere, Hokianga Harbour 

Signal Station Road is located immediately south of the Hokianga Harbour entrance and traverses 1 km east-

west mid-slope along an approximately 500 m wide (north-south) slope that rises approximately 120 m in 

elevation from the sea to a north facing subvertical conglomerate escarpment. Landslip movement has been 

evident for many years on State Highway 12 around the turnoff to Signal Station Road which gives an early 

indication that the geology in the wider area may also be landslip prone.  

The mapped geology of the area comprises Omapere Conglomerate with Otueka Formation and 

Waiwhatawhata Formation in the lower portion of the slope. These units will only be familiar to those with 

local experience as they are limited to the areas north and south of the outer portion of the Hokianga 

Harbour. The text accompanying the map notes the presence of “intercalated centimeter-bedded mudstone 

intervals” in these units and they overlie the Northland Allochthon. More detail of the geology of the area is 

provided in the book “Out of the Ocean and Into the Fire” (Hayward 2017). This includes a description of the 

deposition of the units and of the Waimamaku Anticline that runs WNW-ESE to the south of the Hokianga 
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Harbour. A nearby cross-section based on surface geology and the 3 km deep Waimamaku-2 drillhole is 

given, showing the anticline and conglomerate/allochthon interface. A local field guide map of the local area 

and photos of a number of exposures are also given towards the end of the book. 

A review of the aerial photos of the area around Signal Station Road and consideration of geomorphology 

pose some questions. How did the escarpment at the top of the slope, including subvertical exposed 

conglomerate faces, form? Does the northward bulge of the shoreline into the harbour indicate anything? 

How has incision of the Hokianga Harbour affected the slope? Could the deeper geology have adverse out of 

slope bedding associated with the Waimamaku Anticline, low strength bedding shear in the intercalated 

mudstones and an out of slope dipping conglomerate/allochthon interface at depth? 

 

Figure 4: 23/08/2013 Google Earth Image annotated with assessed upslope extent of large-scale intermittent 

landslip movement (red dashed line) and locations of observed road offsets (yellow dots) 

The 1942 aerial photos viewed as stereo pairs provide more insight. The northeast face of the south harbour 

head comprises a linear feature that continues inland to the escarpment above Signal Station Road. The land 

to the northeast of the linear feature appears displaced downwards to the northeast in a series of blocks. This 

linear feature aligns with the western end of the subvertical conglomerate escarpment and appears to align 

with a fault mapped at the conglomerate/allochthon interface on Qmaps to the southeast. The author infers 

the fault, or similarly aligned defect, continues and forms a side release plane. The full area downslope of the 

escarpment has a blocky appearance and somewhat irregular features. Viewing the stereo pairs in 

combination with the published geological information (Isaac 1996, Hayward 2017) is suggestive that the 

landform has been formed by large scale instability extending from the sub-vertical escarpment at the 

ridgeline and down to below sea level. 

In 2018 the white lines along the edges of Signal Station Road were observed by the author to be displaced 

by half the line width. Matching displacements were observed in two locations 450 m apart, suggesting the 

land between the locations had displaced downslope by 30 mm or so. The offset locations match observable 

geomorphic features in the aerial photos and is inferred to demarcate a smaller (but not small) zone of 

recently active movement within the larger inferred landslip extent. The road offset is also visible in 2019 

Google Street View images, although they are more evident in the field. It is concluded that the full slope has 

very likely formed by large-scale land sliding and is still subject to intermittent complex landslip movement. 

The total magnitude of landslip movement is possibly indicated by the height of the conglomerate 

escarpment, which is inferred to be a backscarp exposed as the landslip body has moved down and away.  
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Figure 5a, b & c: View looking east showing painted white line offset by landslip movement (a & b). View 

looking west at the same feature following rainfall, with the surface water highlighting a small vertical offset 

through the road. 

The full area around the Hokianga Harbour is known to be prone to instability, identifying the site as high 

risk based on location alone. Without specific site observations of movement, it is possibly unlikely that the 

scale of inferred instability of the area would be readily identified, particularly if the assessment did not start 

by looking at a regional scale and giving consideration of the full slope (i.e. thinking big).   

3.5 Paul Road – Mangawhai Road Intersection 

A landslip occurred on Mangawhai Road at the Paul Road intersection in 2017 and was remediated by the 

Kaipara District Council by installation of an in-ground palisade wall. The landslip had a well-defined 

headscarp extending across approximately 80% of the road pavement width. The site is mapped as being 

underlain by the Pakiri Formation (Waitemata Group). In many locations further to the south the Pakiri 

Formation can be very competent (for example the large near vertical road cutting on SH1 at Pohuehue) but 

at its northern extent it is often tectonically weakened from the Northland Allochthon emplacement. 

The headscarp extent correlates well with an observed bulging lobe within the downslope paddock. This 

downslope lobe is inferred to comprise the landslip toe. It is however likely that the landslip is part of more 

complex movement within the wider slope. 

When viewed as stereo pairs the slope features are 

poorly defined in the 1961 aerial photos likely due 

to a lack of contrast from the lighting and low 

topographical relief, although surrounding trees 

have a clear 3D appearance. The 1966 photos show 

the slope features much more clearly, but the photos 

were taken from a much higher altitude and the 

photos lack resolution to clearly see the lobe feature, 

although it is faintly visible. Slope features can be 

much more clearly defined in the 17/05/2006 

Google Earth aerial photo, which has suitable 

lighting on the colour photo. The lobe downslope of 

the landslip headscarp can be clearly defined in the 

Google Earth image, and the feature was confirmed 

by inspection of the site. 

LiDAR contours on the Auckland Council Geomaps 

vaguely indicate the toe lobe, although it would likely be more defined if a terrain shaded model were 

produced. The contours indicate a 9m fall over 45m horizontal distance between the headscarp and toe – an 

average of 1V:5H or 11°, indicating a very low strength failure plane must exist.  

Figure 6: 17/06/2006 Google Earth Image. 

Approximate landslip extent annotated with red 

line for scarp and dashed yellow line for toe lobe 
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The susceptibility of the site to landsliding should have been able to be determined by site features (i.e. the 

presence of the toe lobe) and the hummocky nature of the surrounding area. Given the small scale of the lobe 

feature and poor lighting in the 1961 aerial photos, the Google Earth image with the best lighting to show 

geomorphic features was the most useful. The location of the landslip extending to near the ridgeline crest 

and occurrence on a comparatively flat slope within the Pakiri Formation serve as a reminder to not overlook 

geomorphic features even if they initially seem improbable. 

3.6 Isola St, Whangarei 

A landslip moving intermittently across the backyards of several properties on Isola St, Raumanga, 

Whangarei has been known since the area was developed in the 1970’s. Other issues in the area are also 

known. Upon becoming aware of the issues, the properties have often been on sold to new sometimes 

unknowing owners, although the presence of the landslip was recently disclosed during marketing of one 

property. The 1942, 1968, 1970, 1981 and 1984 aerial photos have poor overlap and/or trees in the area of 

interest. Earthworks are visible in 1970 for development of the area. The 1979 stereo pairs show the area 

reasonably well with limited tree cover and sufficient houses have been developed for location references.  

By far the most effective view of geomorphic features is revealed using the QGIS hillshade function with the 

2009 Hatea, Waiaroahi, Raumanga digital elevation model (DEM) produced from LiDAR data and available 

from Northland Regional Council. QGIS (free and open source) can be used to change the view angle and 

lighting on the DEM and aerial images and property boundaries can be overlain by connecting to the 

appropriate LINZ layers. This is achievable for the average engineer/geologist with only a few hours of 

effort to get going and is straightforward after the initial set up. Some images created are shown below: 

 

 

Figure 7: Terrain shaded images with boundary overlay and with/without aerial image overlay. Different 

shading effects used between left and right images. Terrain model provided by NRC. Image (0.1m Northland 

Urban Areas) and boundaries licensed by LINZ CC-BY 3.0 as web map service. 

While geomorphic features suggesting landslip movement are evident in the above images, there is a far 

simpler method of determining this area might be unstable – a landslip is mapped on the 1:25,000 Geology 

of the Whangarei Urban Area map (White & Perrin 2003). 

Isola St 



 

9 

 

4 REFERENCES & USEFUL DOCUMENTS 

Brown, I.R. 1975, Whangarei City Corporation, Engineering Geological Mapping for Urban Development, N.Z. 
Geological Survey Unpublished Engineering Geology Report EG229, Lower Hutt, Department of Scientific and 
Industrial Research. 

Burt, M. 2002, Slip Remediation in Onerahi Chaos (Northland Allochthon), Proceedings of ANZ Young Geotechnical 
Professionals Conference, Rotorua, March 2002, New Zealand, Australian Geomechanics Society & New Zealand 
Geotechnical Society. 

Crawford, S.A.& Millar, P.J. 1998, The design of permanent slopes for residential building development. Project 95/183 
for the EQC Research Foundation, New Zealand, Earthquake Commission. 

East, G.R.W. 1998, Highway Slip Remedial Measures within the Auckland/Northland Roading Network, Roading 
Geotechnics ’98, Proceedings of Technical Groups, Vol. 24 Issue 1(G) pp. 217-227, Auckland 1998, New Zealand, 
The Institute of Professional Engineers New Zealand. 

East, G.R.W., George, A.K. & High, R. 1998, Alpurt Northern Motorway Extension – Sector A; Engineering Geology 
and Geotechnical Investigation, Roading Geotechnics ’98, Proceedings of Technical Groups, Vol. 24 Issue 1(G) pp. 
101-107, Auckland 1998, New Zealand, The Institute of Professional Engineers New Zealand. 

East, G. R. W. & George, A.K. 2001, Roading in Northland Allochthon Terrain – Auckland and Northland, Engineering 
and Development in Hazardous Terrain, Proceedings of Technical Groups Volume 29 Issue 2 pp. 353-364, 
Wellington, New Zealand, The Institute of Professional Engineers New Zealand. 

Edbrooke, S.W. (compiler) 2001, Geology of the Auckland area, Institute of Geological & Nuclear Sciences 1:250,000 

geological map 3, Lower Hutt, New Zealand, Institute of Geological & Nuclear Sciences Limited. 

Edbrooke, S.W. & Brook, F.J. (compilers) 2009, Geology of the Whangarei area, Institute of Geological & Nuclear 

Sciences 1:250,000 geological map 2, Lower Hutt, New Zealand, Institute of Geological & Nuclear Sciences Ltd. 

Hancok, G.T. & Nelis, S. 2009, Landslides caused by the June-August 2008 rainfall in Auckland and Wellington, GNS 
Science Report 2009/04, Lower Hutt, New Zealand, Institute of Geological & Nuclear Sciences Limited. 

Hayward, B.W. 2017, Out of the Ocean, Into the Fire, History in the rocks, fossils and landforms of Auckland, 
Northland and Coromandel, Lower Hutt, Geoscience Society of New Zealand. 

Herald on Sunday, 2012, Landslide and legal loophole strand families, (available at 
https://www.nzherald.co.nz/residential-property/news/article.cfm?c_id=76&objectid=10805458) 

Ali, I. 2019, Report on slumped Whangarei land blames rain and nearby earthworks, (available at 
https://www.nzherald.co.nz/residential-property/news/article.cfm?c_id=76&objectid=12273257) 

Isaac, M.J. (compiler) 1996, Geology of the Kaitaia area, Institute of Geological and Nuclear Sciences 1:250 000 
geological map 1, Lower Hutt, New Zealand, Institute of Geological & Nucelear Sciences Limited. 

New Zealand Press Association, 2009, Emergency engineering as landslide threatens homes, (available at 
http://www.stuff.co.nz/national/557620/Emergency-engineering-as-landslide-threatens-homes) 

Rogers, N.R. & Taylor, D. 1986, As safe as houses, New Zealand Engineering, 1 April 1986. 

Soil & Rock Consultants 2007, Slip Remediation Works; 41-49 Chamberlain Road; Massey, Arnack Developments Ltd, 
New Zealand, Soil & Rock Consultants. 

Tilsley, S.C.; Williams, A.L. & Toan, D.V. 2001, Land Development Zones for Structure Plans, Engineering & 
Development in hazardous terrain; Proceedings of Technical Groups, Vol 29, Christchurch, August 2001, New 
Zealand, The Institute of Professional Engineers. 

Tonkin & Taylor Ltd 2005, Coastal Structure Plan; Slope instability hazard potential and effluent disposal potential; 
Oakura to Langs Beach, Whangarei District Council, New Zealand, Tonkin & Taylor Limited. 

Tonkin & Taylor Ltd 2016, Don Buck Landslide Remediation; Design Report, Earthquake Commission, New Zealand, 
Tonkin & Taylor Limited.  

White, P.J. & Perrin N.D. 2003, Geology of the Whangarei Urban Area, Institute of Geological & Nuclear Sciences 
1:25,000 map 26, Lower Hutt, New Zealand, Institute of Geological & Nuclear Sciences Limited. 

Winkler, G.E.  2003, Geotechnical Engineer of the Northland Allochthon, Geotechnics on the Volcanic Edge, 

Proceedings of New Zealand Geotechnical Society Symposium, pp. 91-100, Tauranga 2003, New Zealand, The Institute 

of Professional Engineers New Zealand. 

https://www.nzherald.co.nz/residential-property/news/article.cfm?c_id=76&objectid=10805458
https://www.nzherald.co.nz/residential-property/news/article.cfm?c_id=76&objectid=12273257
http://www.stuff.co.nz/national/557620/Emergency-engineering-as-landslide-threatens-homes

	Case studies to support stability assessments for resilient development in Northland
	1 Introduction
	2 Resources Used
	3 Case studies
	3.1 Lingham Crescent, Torbay, Auckland North Shore
	3.2 Don Buck Road/Jammen Drive, Massey
	3.3 Hihitahi Rise, Paihia
	3.4 Signal Station Road, Omapere, Hokianga Harbour
	3.5 Paul Road – Mangawhai Road Intersection
	3.6 Isola St, Whangarei

	4 References & Useful documents

