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Disclaimers and Limitations 
This report (‘Report’) has been prepared by WSP exclusively for Dunedin City Council (‘Client’) in 
relation to the landslide monitoring at selected sites in Dunedin (Long-Term Landslide Monitoring 
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 Albany Street site has been undertaken in October 2021 to assess the extent 
of movements compared with previous surveys. The main findings, where deformations were 
found to exceed the accuracy of the survey (±10 mm Hz, ±10 mm V), are presented in Table 1 below. 
 

Table 1 Summary of recorded displacements. 

 Horizontal Vertical 

Displacements from the previous survey <10 mm <10 mm 

Displacements from the original survey 8 – 38 mm 0 – 35 mm 

 

The results indicate that horizontal and vertical movement has slowed relative to previous rates 
and only minor movement has been measured since the previous survey (May 2020). This is likely 
to have been caused by below average rainfall during 2019 and 2020 (preceded by above average 
rainfall during 2017 and 2018), demonstrating a potential link between rainfall and deformation 
rate. 

We recommend the next survey to be undertaken in late 2022, with consideration given to an 
expedited survey should accumulative rainfall be expected to exceed the annual long-term 
average. 
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1 Introduction 
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 Albany Street 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 began in 2008 but was re-established in 2010 following re-surfacing 
works on Queen and Albany Streets that destroyed many survey marks. 

The 2010 baseline monitoring was carried out using total station and dumpy level. Subsequent 
surveys appear to have been carried out using total station for both horizontal and vertical 
measurements. Pin 214 was destroyed after the 2011 monitoring round and replaced with Pin 214A 
in the subsequent survey. ALP 215 was destroyed following the 2017 survey and has not been 
replaced. 

After the 2018 survey, control survey mark SS9P was destroyed and a new survey mark, Nail 1 was 
installed nearby in 2020, leaving only two fixed control survey marks from the original survey. 

Monitor frequency varies between 1 and 2 years. Survey dates are shown in the cumulative 
monitoring spreadsheet presented in Appendix C. 

2.2 Methodology 

This survey monitoring round was undertaken by a WSP Surveyor on 15 October 2021. The 
equipment used was a 3” Trimble S6 total station and a Leica DNA03 digital level with a fixed 3 m 
invar staff. Levelling was chosen for this monitor to confirm mark levels to a higher accuracy owing 
to contract handover. 

2.2.1 Field Survey  

A closed-loop 3d traverse was carried out by total station traversing around the block holding 
baseline ALP 5 - SS13G fixed as per the original 2010 coordinates with resulting calculated grid 
bearing 27° 58’ 55’’ held fixed with a bearing mis-close of 13’’ observed closing back on the origin 
baseline. The vertical distance of each traverse leg was measured twice, the average difference was 
0.008 m. A vertical mis-close of 0.001 m in the closed loop, although the accuracy of this method 
of heighting is likely to be 0.010 m. Each monitoring survey mark was measured by mini-prism on 
left and right face. Monitor marks on Albany St were doubled tied from ALP 4 and Nail A.  

A new temporary traverse survey mark was placed uphill from ALP 6 and traversed through on this 
monitor to avoid loss of bearing control on short traverse lines SS13G – SS 9G – ALP 6. At the time of 
monitor, the James K Baxter memorial works also created obstructions to observing between ALP 
6 – SS9G and prevented access to monitoring survey mark ALP 216, likely destroyed with the works. 

Three closed loop level runs were carried out, from SS13G – AP4, AP4 – Nail 1 and AP 4 to monitoring 
survey mark ALP 210. Survey marks not able to be observed by level due to being below the 
surrounding ground level were ALP 203 and PIN 205. ALP 211 had a car bumper overhanging the 
survey mark. All three could be observed by mini-prism.  
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2.2.2 Office Processing 
A bearing adjustment was applied to distribute the bearing mis-close of the traverse before being 
entered into a traverse spreadsheet using 12d software and co-ordinate mis-close adjusted by bow-
ditch. A closed loop holding 1 point fixed results in a 0.005 m horizontal mis-close. The horizontal 
mis-close between the two fixed origin control points is 0.008 m using the observed distance which 
differed from calculation by 0.001 m. A full listing of the traverse spreadsheet is included in 
Appendix D. 

The level-run mis-closures (Run 1: 0.0006 m, Run 2: 0.0024 m, Run 3: 0.0002 m) were distributed 
by pro-rata. Monitor marks were double tied during closed level run loops with an average difference 
/ repeatability of 0.0004 m. Comparison between total station measured heights and DNA level 
heights varied from 0 to -0.004 m with an average of -0.002 m. 

Comparison of control marks to the 2020 monitor saw an average difference of +0.003 m, i.e. the 
DNA level results are split between the two years data. A correction of -0.002 m was applied to 
monitor marks observed by total station only. 

2.2.3 Geodetic Parameters 

Horizontal Datum:  Equipment geodesy settings used during survey and processing are 
NZGD2000 datum, North Taieri circuit projection. The fixed coordinates and orientation of the 
survey have been historically determined by marks SS13G – ALP 5 and are maintained regardless of 
their relationship to NZGD2000. 

Vertical Datum: Height datum has been previously reported as Otago Metric Datum, 
commonly accepted as 100.00 m above Dunedin Vertical Datum 1958.  

2.3   Accuracy 

The historically reported accuracy of survey is quoted as; 

Horizontal position   +/- 10 mm  

Vertical position        +/- 10 mm  

The vertical accuracy of 3d heighting is within the above tolerance, as confirmed on this survey by 
independent check with digital level.  

2.4   Future Monitoring 

Pin 214 was destroyed after the 2011 monitoring, replaced with Pin 214A in the subsequent survey. 
ALP 215 was destroyed following the 2017 survey and has not been replaced. ALP 216 could not be 
accessed during this 2021 survey due to fencing surrounding the construction of the James K Baxter 
memorial and has likely been destroyed. Additional work will be required during a subsequent 
monitoring round to install new survey marks to replace 215 and 216 and any others recommended 
by the Engineer and Client. 

3 Monitoring Results 
The cumulative results spreadsheet is presented in Appendix C of this report. The monitoring 
results are discussed 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 <10 mm <10 mm 25 mm -16 mm 

Maximum 10 mm -16 mm 38 mm -35 mm 
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4 Rainfall Data 
A summary of the rainfall data since the previous survey is presented in Figure 1 below. 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 between 1981 and 2010 (source: 
https://niwa.co.nz/education-and-training/schools/resources/climate/meanrain). 

 

 

Figure 1 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 
In conclusion, the maximum displacements recorded since the 2010 base survey are as follows: 
 
• 38 mm in plan, 
• -35 mm vertically. 

While the average horizontal and vertical deformations since the previous monitor are less than the 
accuracy of the survey, almost all data indicates a minor deformation consistent with that of 
landslide movement (downslope and negative vertical directions). Recent results indicate a slower 
rate of movement from the previous survey relative to that recorded circa 2016 – 2020, a period 
where deformation appeared to accelerate. Rainfall during this former period was relatively high 
with 784mm and 823mm having been recorded in 2017 and 2018 respectively (both higher than 
the long-term average), which is likely to have contributed to the accelerated movement. Recent 
years have seen below average rainfall (726mm in 2019 and 600mm in 2020) coinciding with a 
period of slowed deformation, hence demonstrating a potential rainfall-dependent deformation 
trend. 

Overall, the deformation trends recorded are broadly consistent with the long-term record. Due to 
total deformation equalling roughly 35 mm vertical and horizontal since 2010 (a long-term average 
of ~3 mm/year), and the number of dwellings affected, we recommend that a follow-up survey is 
completed on a 12-monthly basis.  

In addition, we recommend consideration be given to an additional survey in advance of the 
scheduled 12-monthly monitoring round when accumulative annual rainfall is expected to exceed 
the long-term average of approximately 750mm/year (as of 2021). If future surveys reveal adverse 
deformation trends, we recommend the DCC discuss possible treatment options with WSP.  

 
 
 
 
 
 
 
 



 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix A  
Network Diagram  
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Appendix B  
Selected Monitoring Charts 
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Appendix C  
Cumulative Monitoring 
Results Spreadsheet 
 

 



 
 

 

Date of Survey: 15/10/2021 
Datum:  Horizontal:  NZGD2000, North Taieri Circuit 

Vertical:  Otago Metric Datum 
 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix D  
 

Traverse Spreadsheet 

Height Checks 
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