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Disclaimers and Limitations 
This report (‘Report’) has been prepared by WSP New Zealand Limited exclusively for Dunedin City 
Council (‘Client’) in relation to the landslide monitoring at selected sites in Dunedin (Landslide 
Monitoring Long-Term SoW DCC Reference 9662). The scope of this report is to present the survey 
monitoring results and recommendations for future surveys for the site (‘Purpose’). The findings in 
this Report are based on and subject to the assumptions specified in the Report. WSP accepts no 
liability whatsoever for any reliance on or use of this Report, in whole or in part, for any use or purpose 
other than the Purpose or any use or reliance on the Report by any third party.   
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Executive Summary 
A recent survey of the Puketeraki site has been undertaken in July 2022 to assess the extent of 
movements compared with previous surveys. Deformations found to exceed the accuracy of the 
survey (±20 mm Horizontal, ±30 mm vertical) are presented in Table 1. 
 

Table 1: Summary of recorded displacements. 

 Horizontal Vertical 

Displacements from the previous survey 20 – 70 mm 0 mm 

Displacements from the original survey 90 – 3,870 mm 50 - 980mm 

 

The results indicate that deformation is continuing. We recommend the next survey to be 
undertaken in mid-2023 and a review of the viability of remote monitoring be completed in 
conjunction with WSP. 
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1 Introduction 
WSP New Zealand Limited (WSP) have been commissioned by Dunedin City Council (DCC) to 
undertake monitoring of 12 landslide sites around Dunedin. The purpose of monitoring is to 
identify the trend and magnitude of movements and provide recommendations for future 
monitoring. 
 
This report presents a summary of the factual survey monitoring results for the Puketeraki site, as 
well as monitoring recommendations. A mark displacement diagram is provided in Appendix A. 

2 Survey Monitoring 

2.1 Monitoring History 

Survey monitoring of the site has been undertaken at various intervals ranging from 2 weeks to 2.5 
years since the original survey network was established in 1992. Since 2003 surveys have been 
completed annually with the exception of 2019.  
 
Pre-2003 surveys have been condensed into annual data points in the monitoring charts 
presented in Appendix B.  

2.2 Methodology 

This year’s round of survey monitoring was undertaken by a WSP Surveyor on 29th July 2022, 
following a period of very high rainfall (refer Section 4 for further information). The equipment 
utilised were two Trimble R8-3 GNSS receivers. 

2.2.1 Field Survey  

The survey was undertaken using RTK GNSS, with two 30’’ occupations on a fixed 2.0 m pole as per 
the previous contractor’s survey. The following notes and changes to the methodology are 
recorded for future reference; 
 
• The ‘free control point’ IS 211 placed in 2021 within the Puketeraki lookout carpark for 

occupation of the local base-station was found bent over due to carpark grading. This mark 
was removed and replaced with new (IS 211a), in a similar location buried deeper. 

• An additional control point, bronze plaque EW5H was observed with 2 x 5’ static 
occupations using the 2.0 m pole. This mark was also in Karitane township on Kerr Street, is a 
LINZ 5th order Control Point and is Order 3 in vertical.  

• There had been very high rainfall in the weeks leading up to the survey that saw many slips 
occurring around Dunedin. An on-site resident confirmed it was the wettest he had seen the 
farm in a long time and there were numerous springs and water flowing over-land that 
normally do not occur. He also mentioned slips occurring on the steep, north facing slopes 
near the lookout carpark. These were photographed for record purposes. 

• Survey marks not shown on the mark displacement diagram in Appendix A can be located 
using the coordinates provided in Appendix C. 

2.2.2 Office Processing  

All survey data is processed using Trimble Business Centre post-processing software. Static data 
from permanent base station DUND has been combined with the local base station setup on IS 
211a. 
 
This year repeats the processing methodology of a single fixed Control point 103 with check on 105 
as used in 2021, with the new control point, IS 201 placed in 2021 on the corner of Eris and 
Stornoway Streets as an additional check. We note this mark was on the upper limit of 
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acceptability in the vertical which prompted an additional control point to be incorporated in the 
survey at EW5H.  
 
Office processing is based on the assumption previous surveyed levels are derived from the 
Geodetic Reference System 1980 (GRS80) ellipsoid, no geoid has been applied. As there is no 
historical Origin of Coordinates or Level, it is not possible to confirm connection of measurements 
to the specified datums without undertaking additional survey work. With the inclusion of a 
second geodetic control point in this years’ monitoring programme, we note that both DUND and 
EW5H are in terms of the North Taieri 2000 horizontal datum, being within 0.02 m, however both 
marks are 0.09 m and 0.11 m above the known GRS80 ellipsoid levels of these marks when 
holding the historic Puketeraki control points fixed. 

2.2.3 Geodetic Parameters 

Earlier monitoring survey programmes do not specify the vertical datum or geodesy used for 
monitoring at this site. 
 
For continuity of future surveys, it is critical the following geodetic parameters presented in Figure 
2 to Figure 5 are maintained. 
 

 

Figure 1: Coordinate System to be maintained. 

 

Figure 2: Transformation Parameters to be maintained. 
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Figure 3: Projection Settlings to be maintained. 

 

Figure 4:Vertical Datum to be maintained. 

 

2.3   Accuracy 

The survey has been undertaken to the following accuracy: 
 
• Horizontal position   +/- 20 mm (@ 95% CI) 
• Vertical position        +/- 30 mm (@ 95% CI) 
 

Ground movement has occurred when any measurement exceeds the above error tolerances.  
 

2.4   Future Monitoring 

An additional control marker is recommended to be included in the Karitane Township for the 
following reasons; 

• Control point redundancy. 
• Distance from the site; the only remaining historic control points are at their closest are 240 

m from a monitor mark; whereas the Karitane Township marks are 1.7 km from the same 
mark. 

• To check if there is localised deep-seated movement affecting the historic control points 
nearer the site. 

• Point 103 is likely to be unsuitable in future due to it being in the middle of Coast Road. 

A change to the historic methodology is recommended to increase accuracy of measurements to 
control marks. This will improve overall reliability and consistency of the monitor data. It will also 
allow the surveyor to make informed decisions on control mark reliability. The following changes 
are recommended; 
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• Use of tripod and optical plumet to reduce centring errors associated with a 2.0 m pole. 
• Static measurements to control marks in Karitane for 20 minutes (additional 1 hour of field 

work required). 

3 Monitoring Results 
The cumulative results spreadsheet is presented in Appendix C. A summary of the monitoring 
results are presented in Table 2 below. 
 
Table 2: Summary of deformation monitoring results since the previous and base surveys. 

 Deformation since previous survey Deformation since base survey 

Horizontal Vertical Horizontal Vertical 

Average* 60 mm <30 mm 2,090mm -330 mm 

Maximum 75 mm <30 mm 3,870 mm -980 mm 
* Deformations less than the accuracy of the survey (± 20mm horizontal, ± 30mm vertical) were excluded when calculating 
averages. 
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4 Rainfall Data 
A summary of the rainfall data since the previous survey is presented in Figure 5. The rainfall data 
was retrieved from the NIWA (National Institute of Water and Atmospheric Research) National 
Climate Database website (CliFlo.niwa.co.nz) using the Musselburgh Station (Agent ID #15752).  
 
Mean monthly rainfall is calculated for the “Dunedin” area using data between 1981 and 2010 
(source: https://niwa.co.nz/education-and-training/schools/resources/climate/meanrain). 
 
The significant rainfall during July 2022 is evident in Figure 1, whereby 235 mm was recorded in 
the calendar month, including 97.6 mm on 12 – 13 July and 94.6mm on 26 – 28 July 2022.  
 

 

Figure 5: Measured monthly rainfall compared with average monthly rainfall (CliFlo.niwa.co.nz). 
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5 Conclusions and Recommendations 
The maximum displacements recorded since the base survey was completed are as follows: 
 
• 3,870 mm horizontally, 
• 980 mm vertically. 

The long-term average horizontal deformation from 2000 to 2020 ranges from 85 mm/year to 115 
mm/year; however, an average rate of 30 – 60 mm/year from 2020 to present shows this has 
decreased notably in recent times. This reduced rate appears to be continuing as exhibited by the 
deformations since previous survey reported above. Similarly, the rate of vertical movement after 
2020 is less than the long-term average.   

The rate of deformation appears to fluctuate over a period of several years, likely accelerating in 
response to periods of particularly high rainfall. A brief assessment of deformation rate versus 
annual rainfall has shown that stages of increased rates of deformation (approaching 300 
mm/year, IS 13) coincides roughly with an annual rainfall in excess of 700 mm.  

Given the possible link between annual rainfall and the rate of deformation, the infrastructure 
likely to be affected by movement (water pipes, Coast Road, KiwiRail Main South Line) and the 
potential implications for public safety, we recommend further investigation into the viability and 
cost benefits of installing remote monitoring at this site. 

Remote monitoring would allow for immediate notification in the event of significant movement, 
both for the DCC and KiwiRail, and enable a better understanding of the factors which affect 
deformation characteristics and provide a more proactive management of risk. WSP would be 
happy to discuss this further. 

It is recommended that: 

1. A follow-up manual survey is completed in 12 months’ time (July 2023), and; 

2. Undertake a review of the viability of remote monitoring at this site in conjunction with 
WSP. 

We trust this meets your requirements. If you have any questions or concerns, please do not 
hesitate to contact WSP. 

 

 
 
 
 
 
 



 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix A  
Mark Displacement 
Diagram 
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Appendix B  
Selected Monitoring Charts 
 

 



 

 

 



 

 

 



 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix C  
Cumulative Monitoring 
Results Spreadsheet  
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