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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 Church Hill Road site has been undertaken in August 2022 to assess the 
extent of movements compared with previous surveys. Deformations found to exceed the 
accuracy of the survey (±15 mm horizontal, ±25 mm vertical) are presented in Table 1. 
 

Table 1: Summary of recorded displacements. 

 Horizontal Vertical 

Displacements from the previous survey < 0 – 30 mm < 0 – 25 mm 

Displacements from the original survey < 15 – 590 mm < 25 – 230 mm 

 

The results indicate a continuation of the previously recorded rate of movement for all markers. 

We recommend the next survey to be undertaken in mid-2023. 
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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 Church Hill Road, 
Green Island site, as well as monitoring recommendations. A survey network 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 9 months to 
2.5 years since the original survey network was established in 1997.  Approximate survey dates are 
shown in monitoring charts presented in Appendix B.  

2.2 Methodology 

This year’s round of survey monitoring was undertaken by two WSP Surveyors on 19 August 2022. 
The equipment utilised included two Trimble R8-3 GNSS receivers and one Trimble R8-2 GNSS 
receiver. 

 Field Survey  

The survey was undertaken using Real Time Kinematic (RTK) GNSS, with two 90’’ occupations as 
per previous methodology. A local base station set on Iron Spike 1 (IS 1) logged static data at 1 Hz 
while simultaneously transmitting RTK corrections to the two rovers. Between measurements, the 
receiver was rotated 180° and a two-minute wait was observed to allow for a change of satellite 
geometry. The following methodology changes from the previous (2021) survey were made to 
ensure reported accuracies were met: 

• Where possible, marks were measured with a tripod and optical plummet for increased 
accuracy on mark centring. Mark 5 was measured with a 2.0m long pole due to its proximity 
to a fence. Antenna heights were measured by steel tape three times and averaged. The 
previous survey method utilised a 2.0m pole measurement on all marks. 

• Two new monitor marks, one spike and one nail, were installed on Kirkland St to increase 
coverage within the modelled slip zone. Their coordinates are provided in Appendix C. 

• Any mark outside radio coverage (Trig A2 – intermittent radio connection on this survey) 
has been measured with 20 minutes of Static Data (2 x 10’ observation at 1 Hz). This static 
observation also meets job accuracy requirements. 

 

 Office Processing  
Survey data is processed using Trimble Business Centre post-processing software. Static data from 
permanent base stations OUSD and DUND are combined with the local base station static data 
from IS 1. 

In 2021 (the first monitoring survey following contract handover), ambiguities around how the 
network was initially set-up were investigated. Findings are recorded below for clarity and to 
ensure future surveyors maintain the survey geodesy, which is of key importance on monitoring 
surveys.  
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1. The coordinates in this survey are not in terms of the Geodetic Survey Marks the geodesy 
settings (datums) suggest. This applies to both position and level. Therefore, this survey was 
previously carried out in a ‘False’ datum. 

2. Ellipsoid levels are reported to the GRS80 Ellipsoid, not the International Hayford 1924 
Ellipsoid as used within the NZGD1949 Datum. 

A network adjustment was carried out holding existing IS 2, installed in 2021, fixed in terms of 
NZGD49 horizontal grid coordinate and GRS80 vertical ellipsoid height. Bench Mark Green Island 
(BM GI) landfill, an iron tube, is in an unsuitable location for use as a primary control mark. Now 
with the completion of this 2nd WSP survey, there are sufficient additional marks to no longer 
require measurement to BM GI Landfill.  

 Geodetic Parameters 

For continuity of future surveys, ensure the following geodetic parameters presented in Figure 1 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 Settings to be maintained 

 

 

Figure 4: Vertical Datum to be maintained 

 

Figure 5: Local Site Settings to be maintained 

 

2.3 Accuracy 

Historical surveys have been reported to horizontal accuracy of 20mm and vertical accuracy of 
30mm. Changes to the measurement methodology include replacing pole measurements (low 
accuracy centring) with tripod optical plummet (high accuracy plate bubble), the addition of static 
measurements (greater accuracy than RTK) to Trig A2, and via site base station (introduced 2021) 
set-up on IS 1 (RTK and logging static) also strengthens network geometry. The survey network 
now has higher redundancy, improved repeatability and tighter precisions resulting in overall 
greater confidence of meeting the historic accuracy: 

Horizontal position   +/- 15 mm (@ 95% CI) 

Vertical position        +/- 25 mm (@ 95% CI) 

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

It is recommended that future survey monitors follow the methodology and geodetic parameters 
detailed above, with changes to hold IS 2 (outside 47 Brighton Road) fixed horizontally and 
vertically with checks on IS 1, SS Weir St and Trig A2. In the 2021 survey it was recommended that 
IT BM GI Landfill be removed from checks should it meet accuracy tolerances due to poor overhead 
visibility. This has been achieved and the mark will no longer be recorded in future surveys. The 
new monitor marks installed will be tested on the subsequent survey to see if there is any 
movement compared to the 2022 baseline.  
 
Should greater accuracy be required, an improved methodology suited to this site could include 
the addition of a second local base station on IS 2 and measurements to monitor marks using post-
processed kinematic. Monitor marks would then be ‘double tied’ with perpendicular baseline 
geometry to tighten error ellipses.  
 

3 Monitoring Results 
The cumulative results spreadsheet is presented in Appendix C. The monitoring results are 
discussed below. 

Table 2: Summary of deformation monitoring results since the previous and base surveys. 

 Deformation since previous survey 
(June 2021) 

Deformation since base survey 
(June 1997) 

Horizontal Vertical Horizontal Vertical 

Average* 19 mm < 25 mm 300 mm 85 mm 

Maximum 30 mm < 25 mm 590 mm 230 mm 

* Deformations less than the accuracy of the survey (±15 mm horizontal, ±25 mm 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 6. 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). 

 

 

Figure 6 Measured monthly rainfall compared with average monthly rainfall (CliFlo.niwa.co.nz). 

  

https://niwa.co.nz/education-and-training/schools/resources/climate/meanrain
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5 Conclusions and Recommendations 
The maximum displacements recorded since the 1997 base survey was completed are as follows: 
 

• 590mm in plan, 
• 230mm vertically. 

Survey results indicate the rate of horizontal and vertical movement since the previous survey is 
consistent with the long-term trend across all marks. The maximum horizontal deformation 
recorded since the base survey (mid-1997) indicates an average rate of horizontal movement of 
approximately 24mm/year at Marks 5, 6, and 7 at the northern and western ends of the mapped 
landslide extent (see Appendix A), which is broadly consistent with this year’s records. In 
comparison, Marks 11, 12, and 13 at the eastern and southern ends of the mapped landslide exhibit 
relatively low total deformations since the base survey. 

Going forward, tripods should be maintained for recording deformation marks where possible as 
it has shown a marked improvement in accuracy.  

Despite Mark 3B being destroyed, its position is well outside of the slip area. This could be 
replaced and discarded at the DCC’s discretion.  

We recommend the monitoring to be continued on an annual basis, with the next monitoring 
scheduled for mid-2023. 

 
 
 
 
 
 
 



 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix A  
Network Diagram  
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Appendix B  
Selected Monitoring Charts 
 

 



 
 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix C  
Cumulative Monitoring 
Results Spreadsheet  
 

 



 

 

 



 

 

 

 
 

Appendix D 
Network Adjustment 
Report 

  



 

 

 
 

 

 

 

 



 

 

 
 

 

Error Ellipse Components 

Point ID 
Semi-major axis 

(Meter) 

Semi-minor axis 

(Meter) 
Azimuth 

1002 0.007 0.005 174° 

1003 0.008 0.006 176° 

1010 0.009 0.006 2° 

201 0.007 0.006 175° 

202 0.009 0.006 172° 

203 0.008 0.006 180° 

205 0.007 0.005 178° 

206 0.010 0.007 5° 

207 0.008 0.006 5° 

211 0.008 0.006 179° 

212 0.008 0.007 171° 

213 0.010 0.008 174° 

214 0.011 0.007 8° 

303 0.007 0.006 176° 

51 0.006 0.004 1° 

DUND 0.007 0.005 179° 

OUSD 0.006 0.005 180° 
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