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https://experience.arcgis.com/experience/30bb9b65ada445b5af4ab4a0bc2d6d93/page/Alluvial-Fans
https://experience.arcgis.com/experience/30bb9b65ada445b5af4ab4a0bc2d6d93/page/Alluvial-Fans
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Roxburgh
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 Existing concrete 

chute for Reservoir 

Creek

 Existing SH8 road 

crossings structures

 Readiness, response, recovery, reduction

Monitoring, forecasting and early warning

 Existing resilience of infrastructure

 Channel maintenance for 5 creeks (gravel and 

vegetation) and reactive delta gravel maintenance

 Chute maintenance for Reservoir Creek

 Individual and business insurance cover

 SH8 road crossings maintenance and repair

 Existing development 

rules and land use plans

Whose area of responsibility

Otago Regional Council (ORC)

Central Otago District Council (CODC)

NZ Transport Agency Waka Kotahi (NZTA)

Individual property owner

Multiple (some or all) - CODC, ORC, CDEM, 

NZTA, agencies, providers, community, 

individuals
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https://www.otagocdem.govt.nz/useful-stuff#emergency-mobile-alert-ema

https://about.metservice.com/weather-emails

https://www.metservice.com/warnings/thunderstorm-outlook

https://www.metservice.com/warnings/thunderstorm-outlook

https://www.metservice.com/warnings/severe-weather-outlook

https://www.metservice.com/warnings/severe-weather-outlook

https://www.metservice.com/maps-radar/rain/radar/otago?range=300tab=real-time

https://getready.govt.nz/prepared/household/make-a-plan/household-plan

Sign up for CDEM alerts

•https://www.otagocdem.govt.nz/useful-stuff#emergency-mobile-alert-ema

Sign up for Metservice severe weather emails 

•https://about.metservice.com/weather-emails

•Triggering rainfall for debris floods is typically associated with severe thunderstorms. Metservice provides severe 
weather warnings and watches, and also outlooks for the coming days. 

Check out Metservice severe weather and thunderstorm outlooks

•2-day Thunderstorm Outlook: 

•https://www.metservice.com/warnings/thunderstorm-outlook

•4-day Severe Weather Outlook

•https://www.metservice.com/warnings/severe-weather-outlook

Real-time rain radar

•Severe thunderstorms can develop very quickly and locally.  Rain radar is a tool to monitor thunderstorms in 
real-time. Check out the Otago radar in real-time on the Metservice website:

•https://www.metservice.com/maps-radar/rain/radar/otago?range=300&tab=real-time

Update your emergency plan

•If you are in a hazard area, consider preparing your household and having an emergency plan

•https://getready.govt.nz/prepared/household/make-a-plan/household-plan

Community response group

•Check information from your local community response group

•Grab a copy of the Roxburgh community response brochure

https://www.otagocdem.govt.nz/useful-stuff#emergency-mobile-alert-ema
https://about.metservice.com/weather-emails
https://www.metservice.com/warnings/thunderstorm-outlook
https://www.metservice.com/warnings/thunderstorm-outlook
https://www.metservice.com/warnings/severe-weather-outlook
https://www.metservice.com/warnings/severe-weather-outlook
https://www.metservice.com/maps-radar/rain/radar/otago?range=300&tab=real-time
https://getready.govt.nz/prepared/household/make-a-plan/household-plan
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ROXBURGH 
DEBRIS FLOOD 
AND DEBRIS 
FLOW STUDY

COMMUNITY PRESENTATION
Prepared for Otago Regional Council |  February 2026



ORC Debris Flood and Debris Flow 
Study

Project Background and 

Methodology

Roxburgh has been historically 

inundated by debris floods and flows. 

Debris flood modelling and risk 

assessment required for ORC future 

planning. This presentation overviews 

the WSP risk assessment.

Risk Assessment Results

Overview of the risk assessment 

results including key observations and 

recommendations. 

Implications

What did we find and what does this 

mean?

Debris Flood Modelling

An overview of the methodology for 

the risk assessment.

24

WSP | ORC Roxburgh Debris Flood Assessment – Community presentation | 18 February 2026



Background
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Clutha River

State 
Highway 8 

(SH8)
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WSP | ORC Roxburgh Debris Flood Assessment – Community presentation | 18 February 2026
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What are we looking at?

WSP | ORC Roxburgh Debris Flood Assessment – Community presentation | 18 February 2026

Hydrogeomorphic hazards refer to slope processes involving water and sediment that can have severe and 

wide-ranging impacts on both the human and natural environment. 

They include debris floods (fluid-dominated) and debris flows (sediment-dominated) which are the key focus of 

this study. 



Hydrogeomorphic hazards in Roxburgh
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Why is Roxburgh and the Teviot Valley vulnerable to hydrogeomorphic hazards including debris 
floods and debris flows?

WSP | ORC Roxburgh Debris Flood Assessment – Community presentation | 18 February 2026



Hydrogeomorphic hazards in Roxburgh
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What has happened in the past?

October 1978 Debris Flood Reservoir Creek November 2017 Debris Flood Reservoir Creek

Historical records

• Seven documented 

events since 1938. 

• 1978 and 2017 the 

most recent and 

notable events.

WSP | ORC Roxburgh Debris Flood Assessment – Community presentation | 18 February 2026



Our Study
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1. What is the annual 

debris flood risk for 

people?

2. What is the annual 

debris flood risk for 

buildings?

WSP | ORC Roxburgh Debris Flood Assessment – Community presentation | 18 February 2026

Screening step



DEBRIS FLOOD 
MODELLING

COMMUNITY PRESENTATION
Prepared for Otago Regional Council |  February 2026



Debris flood modelling

Hydrological Model

How do streams react 

to rainfall events?

Topographical data

Where are the flow 

paths and debris source 

areas?

Geomorphological 

assessment

What can we expect 

from future events?

INPUTS

OUTPUTS

WSP | ORC Roxburgh Debris Flood Assessment – Community presentation | 18 February 2026
31



Debris flood modelling

WSP | ORC Roxburgh Debris Flood Assessment – Community presentation | 18 February 2026

Over the history of an alluvial fan, smaller debris floods are more common, and very large debris 

floods are rare. Therefore, the area affected by any one debris flood event will vary. 

3 different size events were simulated to show the possible range.

Event Description Trigger Return Period 

(including climate 

change)

High likelihood event More frequent but smaller scale 

debris floods. Similar in size to 

Pumpstation/Golf course 2017 

events.

40-60 mm of rainfall in 1 

hour

100 – 300 years

Median likelihood event Larger debris flood volume and 

extent, less frequent that high 

likelihood event.

60-100 mm of rainfall in 1 

hour.

500 – 1,400 years 

Maximum credible event Large scale but very infrequent 

debris flood events. Not 

observed in human records. 

>140 mm of rainfall in 1 

hour.

10,000 - 12,000 years. 

32



Debris flood modelling
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- A qualitative risk screening was completed to identify the highest risk fans for further 

assessment.

- Qualitative risk calculated as:

- Consequence determined using existing criteria for buildings, people, and lifelines: 

- Physical damage, injuries/fatalities, lifeline damage and outages.

- Summarized in Appendix G of the detailed report

   

- Uses partially-operative Otago Regional Policy Statement APP6 framework.

- Useful screening tool 

➢ 12 catchments carried forward to quantitative risk assessment (all except Black Jacks 

Creek where the qualitative risk is “acceptable”)

Initial qualitative risk screening

𝑅𝑖𝑠𝑘 = 𝐻𝑎𝑧𝑎𝑟𝑑 𝐿𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑 × 𝐶𝑜𝑛𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒

WSP | ORC Roxburgh Debris Flood Assessment – Community presentation | 18 February 2026
34



QUANTITATIVE RISK 
ASSESSMENT

COMMUNITY  PRESENTATION
Prepared for Otago Regional Council |  February 2026
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— We are to assess life risk using AGS 

Guidelines for Landslide Risk Assessment. 

— For people, risk calculated as annual 

individual fatality risk (AIFR)

— AIFR means in any given year what is the 

likelihood of fatality of the most exposed 

individual in the study area.

— For buildings, risk calculated as annual 

property risk (APR)

— APR means in any given year what is the 

likelihood of a building being damaged. 

How is risk calculated?

WSP | ORC Roxburgh Debris Flood Assessment – Community presentation | 18 February 2026

Elements of Debris Flood Risk

How often does the debris flood occur?

How far will the debris flood travel?

How much time does a person 

spend in the path of debris 

flood?

How vulnerable is a person or 

building to the debris flood?
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How do we determine risk spatially?

Each fan divided into 1 

by 1m grid cells. 

Debris flow/flood models used as 

hazard layer

For each grid cell assign:

• Probability of hazard occurring

• Probability that hazard reaches exposed 

element

• Probability that exposed element is present at 

the time of the event

• Vulnerability of exposed element given the 

depth of inundation and velocity of the event.

• AIFR and APR 

Debris flood model inundation (purple), grid cells (black)

WSP | ORC Roxburgh Debris Flood Assessment – Community presentation | 18 February 2026
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Risk mapping and tolerability

- Partially operative Otago Regional Policy 

Statement risk tolerability criteria applied to 

calculated risk values. 

- Both present day and severe climate change 

scenario mapped.

- Risk values (i.e. 1E-03) expressed as annual risk 

of fatality or property risk. 

- Very small values so scientific notation used in 

maps. 

- See below table for what notation means. 

 

Debris Flood Modelling 

Risk Map 

Figure 1: Debris flood modelling (top) and a risk map (bottom) for Slaughterhouse Creek and adjacent 
catchments north of Roxburgh township. Similar information for other alluvial fans in this study can be found in the 
technical report on the Otago Regional Council website. 

WSP | ORC Roxburgh Debris Flood Assessment – Community presentation | 18 February 2026
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RISK MAPPING AND TOLERABILITY
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What did we find?

• All fans in the assessment have areas of significant risk. 

• Spatial analysis reveals that areas within close proximity to main 

channels – typically within 200–300 m – are most vulnerable, with risk 

decreasing with distance and elevation. 

• Refer to the maps in Appendix H of the report for more information. 

• Report and maps on ORC webpage:

https://www.orc.govt.nz/get-involved/projects-in-your-area/roxburgh-

hazard-management/

 

Debris Flood Modelling 

Risk Map 

Figure 1: Debris flood modelling (top) and a risk map (bottom) for Slaughterhouse Creek and adjacent 
catchments north of Roxburgh township. Similar information for other alluvial fans in this study can be found in the 
technical report on the Otago Regional Council website. 

WSP | ORC Roxburgh Debris Flood Assessment – Community presentation | 18 February 2026

https://www.orc.govt.nz/get-involved/projects-in-your-area/roxburgh-hazard-management/
https://www.orc.govt.nz/get-involved/projects-in-your-area/roxburgh-hazard-management/
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How to reduce future debris flood 
impacts? 

There are a range of different options available to help 

manage debris flood impacts:

Physical structures

Non-structural measures

Planning tools

Long-term adaptation and resilience

WSP | ORC Roxburgh Debris Flood Assessment – Community presentation | 18 February 2026

Debris flow barrier - Geobrugg



SUMMARY

COMMUNITY PRESENTATION
Prepared for Otago Regional Council |  February 2026

- The Teviot Valley is exposed to hydrogeomorphic 

hazards including debris floods. 

- These hazards can cause damage to buildings, 

infrastructure, and are public safety concerns. 

- We modelled debris floods in 13 catchments to 

identify high risk areas on each alluvial fan. 

- Analysis shows all fans have areas of significant 

risk. 

- Higher risk areas are proximal to channels and 

within topographical depressions on each fan. 

- Hazard and risk maps help guide mitigation 

including regulatory planning and engineering 

design. 
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