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PURPOSE
[1] To update committee on the programme for investigations into reducing the flood risk

in North East Valley (Lindsay Creek).

EXECUTIVE SUMMARY

[2]

3]

[4]

[5]

[6]

The flood hazard risk for large parts of the Lindsay Creek floodplain is significant and is
higher than what is generally considered tolerable in New Zealand and in Otago for an
urban area.

A comprehensive flood protection scheme and a scaled back version have been
presented to Council previously, in 2011 and 2013 respectively.

Council previously decided not to pursue both versions of the scheme. The decisions
were informed by the economic climate at the time, feedback from community
consultation, the potential impact of costs to residents and the perceived lack of value
provided by the proposed work.

Limited flood hazard and erosion mitigation is provided in the Lindsay Creek floodplain
and the flood hazard risk remains largely unmitigated. The residual risk associated with
flooding to this community is high.

In November 2024}, the Otago Regional Council (ORC) Safety and Resilience Committee
endorsed the need to revisit a programme for investigations into reducing the flood risk
in North East Valley.

1 van Woerden T, and Payan J, 2024. North East Valley Flood Risk Mitigation. Report
OPS2412 to the Otago Regional Council Safety and Resilience Committee, 7 November 2024.
https://www.orc.govt.nz/media/ffqpudud/20241107-sr-agenda.pdf
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[7]

[8]

[9]
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To enable a reconsideration of the flood hazard, an initial multi-year programme of
investigations into reducing the flood risk in the Lindsay Creek catchment has been
included in the 2024-2034 Long-Term Plan and in the 2024-2054 Infrastructure Strategy.

ORC has recently completed an updated flood hazard assessment for the Lindsay Creek
catchment (Attachment 1). The assessment provides a comprehensive update of existing
information regarding the flood hazard characteristics within the Lindsay Creek
catchment.

This paper provides an update on the programme’s activities since the previous
committee paper in November 2024 with a focus on the new flood hazard information.

RECOMMENDATION

That the Council:

1) Notes this report.
2) Notes the Lindsay Creek Flood Risk Reduction programme progress.
3) Endorses the proposed approach to community engagement.

BACKGROUND

[10]

The Lindsay Creek valley-floor floodplain is intensely developed and populated, with
urban land use occurring immediately next to the channel (Figure 1). Several hundred
residential properties and few thousand people have some degree of exposure to flood
hazard and can be directly or indirectly impacted by flooding, along with three schools, a
Police Station, Ross Home and the Otago Community Hospice, infrastructure and roads
(including North Road, which is the main access to North East Valley) and a number of
commercial properties.
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Figure 1. Typical sections of the Lindsay Creek channel in North East Valley (all looking upstream). Note the
narrowness of the channel, the steepness of the right bank and the proximity of the houses and residential
activities at many locations along the stream channel. The concrete channel lining and floodwall are ORC assets,
some infrastructure is also owned, controlled and maintained by Dunedin City Council and adjacent private
landowners.

[11]

[12]

[13]

[14]

[15]

A comprehensive flood protection scheme and a scaled back version have been
presented to Council previously, in 2011 and 2013 respectively.

Council previously decided not to pursue both versions of the scheme. The decisions
were informed by the economic climate at the time, feedback from community
consultation, and the potential impact of costs on residents vs. the benefits provided by
the proposed work.

Limited flood hazard and erosion mitigation is currently provided in the Lindsay Creek
floodplain and the flood hazard risk remains largely unmitigated and higher than what is
generally considered acceptable for an urban area. The residual risk associated with
flooding to this community is high.

In 2024, ORC Safety and Resilience Committee endorsed the need to revisit a
programme for investigations into reducing the flood risk in North East Valley?. To
enable a reconsideration of the flood hazard, a multi-year programme of investigations
into reducing the flood risk in North East Valley is included in the Long-Term Plan 2024-
2034 and in the Infrastructure Strategy 2024-20543.

The high-level programme and timeframe are described in the Infrastructure Strategy
2024-2054 (Table 1). The investigations phases are planned between financial year
2024/25 (year 1) until 2026/27 (year 3).

2 van Woerden T, and Payan J, 2024. North East Valley Flood Risk Mitigation. Report
OPS2412 to the Otago Regional Council Safety and Resilience Committee, 7 November 2024.
https://www.orc.govt.nz/media/ffgpudud/20241107-sr-agenda.pdf

3

https://www.orc.govt.nz/media/cu3b41ry/final-otago-regional-council-infrastructure-strategy-

2024-2054.pdf
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Table 1. Investment programme for the Dunedin Area (Infrastructure related only). Work related to
the programme for investigations into reducing the flood risk in the Lindsay Creek catchment is
highlighted by the red rectangle

[16]

[17]

[18]

This financial year (2026/27), the next planned outcomes is the development of a flood
risk reduction plan for the Lindsay Creek catchment. The plan will not only focus on hard
engineering measures but will consider all the approaches available to reduce the flood
hazard in accordance with the New Zealand Standard 9401:2008 Managing Flood Risk
and the including the Protect, Avoid, Retreat, Accommodate (PARA) Framework
(Ministry for the Environment?).

A decision point (marked with the letter N in Table 1) will follow in 2027/28 (year 4) to

consider the following options (as described in the Infrastructure Strategy 2024-2054):

. Status quo: ongoing maintenance of waterway and existing infrastructure, update
of flood hazard information and collaboration with DCC as required, emergency
response planning.

. Implement flood mitigation options that focus on nature-based solutions where
practicable.
. Build a flood protection scheme that consists of hard engineering infrastructure.

Depending on the decision made, it is possible to start the implementation of the flood
mitigation works from 2028/29 (Year 5). The implementation will span several years.
This is reflected in the sequencing of the estimated expenditure (Table 1): a smaller
expenditure is associated with the detail design and planning of the potential risk

4 https://environment.govt.nz/publications/aoctearoa-new-zealands-first-national-
adaptationplan/adaptation-options-including-managed-retreat/
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reduction work between 2028/29 (Year 5) and 20233/34 (Year 10) and a more
substantive expenditure is associated with the construction of flood mitigation work
from 2035/36 (Year 11).

The estimated expenditure, sequencing and decision point are currently being reviewed
part of the Long-Term Plan 2027-2037 and Infrastructure Strategy 2027-2057
development and will be presented to Council during the development process.

UPDATED LINDSAY CREEK FLOOD HAZARD ASSESSMENT

[20]

[21]

[22]

[23]

[24]

ORC has recently completed hydraulic modelling supporting a detailed assessment of
the Lindsay Creek flood hazard (Attachment 1). This work will inform the flood risk
reduction investigations but also the emergency flood responses.

The investigation focused on river flooding with some consideration of the influence of
stormwater. It considered a range of flood flows including the effects of a “maximum
credible” event and of climate change.

A sensitivity-based approach has been adopted to represent the potential effects of
climate change on flood flows. A 20% increase has been applied to the peak design
discharges used as inflows to the hydraulic model. This adjustment is intended to
represent a plausible increase in flood magnitude associated with projected increases in
extreme rainfall intensity and is applied as a sensitivity allowance rather than as a
definitive prediction of future flood behaviour. At this stage of the programme (flood
hazard assessment), the adopted 20% increase is considered appropriate for the Lindsay
Creek catchment given its rainfall-driven flood response characteristics. The uncertainty
associated with this simplified approach is recognised. Therefore, a catchment-specific
climate-adjusted assessment will be completed during the design phases of potential
flood mitigation work. This assessment will inform the nature and scale of the mitigation
work and provide transparency about climate assumptions for decision-makers.

In the absence of New Zealand standards for flood hazard assessments, flood hazard
categories were assessed in accordance with the general guidance provided in the
Australian Rainfall and Runoff (ARR) Guidelines®. Flood hazard is assessed by considering
the combined effects of floodwater depth and flow velocity, recognising that the
severity of the hazard to people, vehicles, and structures is influenced by both the depth
of inundation and the speed or velocity at which floodwaters are moving. While shallow,
slow-moving water generally presents a lower hazard, increasing depths and velocities
can significantly increase the potential for instability, structural damage, and risk to life.

The Lindsay Creek flood hazard investigation provides a comprehensive update of
existing information regarding the flood hazard characteristics within the Lindsay Creek
catchment. It refines the understanding of potential flood risks and provides updated
detailed flood hazard information that can support ORC and communities in making
informed decisions and implementing effective floodplain management practices. This
work will inform the flood risk reduction investigations and the emergency flood
responses.

5 McLuckie, D., Babister, M., Smith, G., & Thompson, R. (2014). Updating National Guidance on
Best Practice Flood Risk Management. https://knowledge.aidr.org.au/media/5667/updating-
national-guidance-mcluckie.pdf
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[25] A summary of the flood extent, areas likely to be affected and the severity of the flood
hazard for a range of flows is presented in the next section. The associated maps are
presented in Attachment 2.

DISCUSSION

Description of the flood hazard

[26] Lindsay Creek rises on the flanks of Mount Cargill and runs southwest, draining North
East Valley and joining the Water of Leith at the Botanic Garden. The catchment is
compact with an area of about 12km?, and the main channel is relatively short being
about 7km long. Lindsay Creek has a relatively narrow channel including in the lower
sections (sometimes a few meters wide only, Figure 1).

[27] The characteristics of the catchment (steep and compact) result in the flood peak
reaching the urbanised part of North East Valley quickly (less than 2 hours from the
onset of heavy rain). This leaves a very limited ability for residents and Emergency
Services to plan a response during a heavy rainfall event.

[28] During flood events, Lindsay Creek can overflow its channel and flood adjoining low-
lying land in North East Valley. The extent of flooding and its characteristics vary with
the size of flood event and is described below.

[29] Assessments of channel capacity have showed that some sections of Lindsay Creek are
very restricted resulting in various overtopping locations: for example, the section
between Watts Road and Felix Street (adjacent to Palmers Quarry) has a capacity of
approximately 30m3/s. This flow is estimated to have a 20-year Average Recurrence
Interval (ARI)®.

[30] For flood flows between 30m3/s (20-year ARI) to 40m3/s (100-year ARI’):

a. Upstream of the Bonnington Street bridge, floodwater is generally contained
within the Lindsay Creek channel and limited overtopping is expected
(Attachment 2, Maps 1.2 and 1.3).

b. In North East Valley (Attachment 2, Map 1.1), floodwater will start to overtop the
left bank into North Road and, depending on the volume of water spilled,
inundate large parts of the residential area extending southwest from Watts Road
to the intersection of Craigleith Street and North Road. Some flooding of
properties is possible in the area extending northeast from Watts Road to
Bonnington Street (Attachment 2, Map 1.2).

C. Flooding in areas with the lowest flood hazard category (H1, Attachment 2, Maps
2.1, 2.2 and 2.3) is not likely to affect people’s safety, vehicle access and building

6 A 20-year Average Recurrence Interval event has a 5% chance of occurring in any given year.
It has approximately a 40% probability of occurring in a 10-year period and a 79% probability of
occurring in a 30-year period.

7 A 100-year Average Recurrence Interval event has a 1% chance of occurring in any given
year. It has approximately a 10% probability of occurring in a 10-year period and a 26%
probability of occurring in a 30-year period.
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structural stability because it is likely to be shallow and slow moving. However,
flooding of buildings and internal damages and loss of property can still occur.
This depends on the building floor level and local features, such as fences,
affecting the overland flow paths locally.

d. Between Beechworth Street and North Road bridge widespread areas are likely to
be affected with floodwaters becoming unsafe for people and vehicles (categories
H2 to H4, Attachment 2, Maps 2.1, 2.2).

e. Flooding on North Road (which is the main access to North East Valley) and
multiple streets is likely to restrict the ability for people and emergency services
to safely access parts of North East Valley (categories H2 and H3, Attachment 2,
Map 2.1).

f. Most flooding identified in the new flood hazard investigation is unlikely to cause
structural damage to buildings. The areas where the hazard categories are the
highest (impact on building structural stability, categories H5 and H6) are within
and adjacent to the creek channels and in local pockets of deeper or faster
floodwaters along North Road corridor, in particular in the vicinity of the
intersection between North Road and Baldwin Street (Attachment 2, Map 2.1,).

g. High flow velocities in Lindsay Creek can cause bank erosion affecting properties
and structures close to the channel or resulting in premature overtopping and
inundation of the floodplain.

h. Dormant and creeping landsliding above some sections of the channel could be
activated in a heavy rainfall event and partially or fully block the channel, causing
substantial out-of-channel overflow. For example, a number of landslide features
on the steep true-right (northern) bank of Lindsay Creek between Palmers Quarry
and Allen Street were identified®, and the toe (or base) of these landslides
encroach into the main channel. If a landslide were to fully block the stream
channel, which is already relatively narrow, the full river flow would break out and
travel overland through roads and residential areas.

i During large flood events, the steep upper reaches of Lindsay Creek can produce
large volumes of debris. Accumulations around bridges or other instream
structures is likely, resulting in full or partial blockage of the creek channel.
Floodwater would then back up behind the debris and this could lead to
floodwater spilling onto the floodplain.

j- Most of the stormwater network in North East Valley discharges into Lindsay
Creek. During heavy rainfall events, high water levels in Lindsay Creek will prevent
the free discharge of the stormwater network. Stormwater overflows contribute
to surface flooding and can compound the effects of river flooding.

8 Lindsay Creek Value Engineering Study Geotechnical Appraisal, Coffey Geotechnics, 2010.
Report prepared for Otago Regional Council.
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[31] When flows reach or exceed 60m3/s (representing a “maximum credible event”, 500-
year ARI®) the floodwater is likely to affect larger parts of the areas between Bonnington
Street and the North Road bridge and to start to affect properties along North Road
from North Road Bridge to Opoho Road and the Botanic Gardens (mainly in category H1,
Attachment 2, Maps 2.4, 2.5 and 2.6). Larger sections of North Road and many
surrounding streets are likely to be impassable with possible more damage to North
Road in the vicinity of the intersection with Baldwin Street (Attachment 2, Map 2.4).

COMMUNICATIONS AND ENGAGEMENT ACTIVITIES

[32] A programme of engagement activities has been developed and is summarised in Table
2 below.

[33] Documents to support the engagement activities are being prepared including a
dedicated webpage, videos and a plain-language summary of the flood hazard.

[34] The new flood hazard information and associated report, a plain-language summary and
map layers will be made available through the ORC Natural Hazard Portal and ORC

webpage.

Table 2. Key communications and engagement activities for 2026/2027

Stage of work Key Activity Purpose Completed Proposed
Present key
Staff updates on findings to CDEM
preliminary and Engineering Mid-2026
findings staff and discuss
implications
Share key findings
Investigation Stage 1: Reportto ORC ;)::clezgri(?r?: Zrndd Sept 2026
new flood hazard councillors programme
assessment findings update
Share key findings
of flood hazard
Community event  assessment and
in North East programme October 2026
Valley update; open
discussion and
feedback
Investigation Stage Share long-list of
. Activities to share = possible flood risk
2a: long-list of . )
possible responses with staff, ORC reduction Early 2027

for discussion

councillors and
community

responses; open
discussion and
feedback

9 A 500-year Average Recurrence Interval event has a 0.2% chance of occurring in any given
year. It has approximately a 2% probability of occurring in a 10-year period and a 6% probability
of occurring in a 30-year period. This flow, although extreme, is considered to be an appropriate
representation the effects of a “maximum credible” event.
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Stage of work Key Activity Purpose Completed Proposed
Investigations Stage Activities to share = Share Flood Risk
2b: Flood Risk with sjcaff, ORC Reduct'lon Plan of Mid-2027
. councillors and short-listed
Reduction Plan )
community responses

SUMMARY OF CONSIDERATIONS

Community Outcomes
This work aligns with the following community outcomes from the ORC 2024-2034 Long-Term
Plan:
Resilience
Otago builds resilience in a way that contributes to community and environmental
wellbeing through planned and well-managed responses to shocks and stresses,
including natural hazards.

Alignment with Central Government Legislation

This work is consistent with relevant central government policy and direction. Specifically, it
aligns with the current resource management reform programmes, which seeks to meet the
objective of “Adapting to the effects of climate change and reducing risks from natural
hazards”, and the proposed Planning Act has a goal to “Keep communities safe from
intolerable risks and effects of natural hazards and climate change”.1°

Natural hazards are a mandatory matter to be included in regional spatial planning under the
proposed Planning Act. The Planning Bill states that the content of regional spatial plans must
include priority locations for adaptation plans prepared under the Climate Change Response
Act 2002!!. The findings of the flood hazard assessment will be considered during the
preparation of the regional spatial plan.

This work also aligns with the Emergency Management Bill which was introduced in 2025 to
replace the Civil Defence Emergency Management Act 2002 (CDEM Act). Under the bill, the
current Civil Defence Emergency Management Groups will continue in existence as Emergency
Management Committees. The Emergency Management Committee will have the functions
including to do the following in relation to hazards and risks within its area:

a. identify and assess those hazards and risks:

b manage those hazards and risks:

C. identify and implement cost-effective risk reduction:

d consult and communicate with the communities within the area about those

hazards and risks:

The findings of the flood hazard assessment are expected to be a potential input towards the
undertaking of these Emergency Management functions.

Powers contained in the Local Government Act and in the Soil Conservation and River Control
Act provide legal authority to investigate flood mitigation works.

Alignment with Otago Regional Council Internal Policy

10 Report from the Expert Advisory Group on Resource Management Reform. Blueprint for resource management
reform: A better planning and resource management system 2025.
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There is no specific ORC policy that is directly applicable to this work.

Financial Considerations
The budget for this work was approved through the 2024-2034 Long-Term Plan and the 2024-
2054 Infrastructure Strategy (refer to Table 1 for details).

The initial budget in the 2024-2034 Long-Term Plan and the 2024-2054 Infrastructure Strategy
associated with the hydraulic modelling and flood hazard assessment ($450,000 over three
years) assumed that the work would be outsourced, and that new topographical information
would be required. However, we were able to complete the modelling and assessment in-
house and to use existing data to inform the modelling, significantly reducing the expenditure
associated with this work (estimated actual expenditure is approximately $40,000; the actual
expenditure, mainly associated with staff time, is expected to increase by the end of 2026-27
as the work continues to progress).

Legal Compliance/Risk
There is insignificant/minor risk that decisions arising from this report could expose Council to
litigation, regulatory non-compliance, or breach of policy/legislation.

Reputational Risk
There is insignificant/minor risk that decisions arising from this report could adversely impact
Council’s reputation or community trust.

Climate Resilience

The influence of climate change is a key factor to be considered in assessment of flood hazard,
and in development of flood risk reduction work programmes. The effects of climate change
are considered in flood hazard assessment for Lindsay Creek and will be further considered in
the assessment of risks and potential hazard management responses.

Carbon Emissions
The implications of this work on organisational or regional greenhouse gas emissions have not
been assessed.

He Mahi Rau Rika: Significance, Engagement and Maori Participation Policy
This work is of MEDIUM-HIGH significance as assessed against He Mahi Rau Rika.

Engagement with Mana Whenua

It is proposed to share the new findings with Aukaha and Te Ao Marama as mana whenua
representatives. Engagement planning is designed to be consistent with organisational
commitments made through He Mahi Rau Rika: ORC Significance, Engagement and Maori
Participation Policy.

Stakeholder Engagement
It is proposed to share the new findings with key stakeholders including the Dunedin City
Council.

Preliminary findings have been presented to the Emergency Management Otago.
Communications

Communications and engagement planning are integrated, complementary and build off each
other (refer to the COMMUNICATIONS AND ENGAGEMENT ACTIVITIES section above).
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NEXT STEPS

[35] Share the findings with key stakeholders, the public and mana whenua.

[36] The next stage of investigations is to develop a Flood Risk Reduction Plan for the Lindsay
Creek catchment by June 2027. An optioneering approach is proposed, including a long-
listing stage with opportunity for community and stakeholder input. Past flood
protection options will be re-examined. As well as, taking a fresh look for other possible
responses.

[37] The results of the flood hazard assessment will be considered as part of ORC Long-Term
Plan (2027-37) development.

ATTACHMENTS

1. Lindsay Creek Flood Study Final - August 2026 [9.5.1 - 32 pages]
2. Flood hazard maps Lindsay Creek August 2026 [9.5.2 - 9 pages]
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Lindsay Creek Flood
Hazard Study

August 2026
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SECTION 1.0 - INTRODUCTION

1.1 Purpose

This flood study provides a comprehensive revision and update of existing information regarding
the presence, extent, and severity of flood hazards within the Lindsay Creek catchment. The
analyses and assessments presented in this report were developed to improve the understanding
of potential flood risks and to provide updated flood hazard data that can support the Otago
Regional Council (ORC) and communities in making informed decisions and implementing effective
floodplain management practices. The information contained within this study is intended to assist
with planning, risk awareness, and the development of strategies that promote responsible
management of flood-prone areas.

1.2 Location of Study

This study is located in the Lindsay Creek catchment within Dunedin City. Areas included in this
study include a portion North East Valley. Specifically, the focus of this study is fluvial flooding along
Lindsay Creek which generally flows from northeast to southwest through North East Valley along
North Road. The general project location is shown in Figure 1.1, and a detailed location map is
shown in Figure 1.2.

Study Area

Figure 1.1: General Location Map
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Figure 1.2: Detailed Location Map - Study area

1.3 Previous Studies

There have been several prior studies of flood hazards related to the Lindsay Creek catchment area.
The following is a summary of some of the prior works and known or assessed limitations.

1. Water of Leith and Lindsay’s Creek (MacLean, Wilkie, & Alexander, 1931)

This study was one of the earlier studies for the area that attempted to quantify flood
discharges and suggest potential flood protection measures.

2. Lindsay Creek Flood Hazard Report (ORC, 2001)

The study included a flood frequency analysis and established baseline hydrologic
information. The study also established design discharge values that were intended to
inform the assessment of a proposed flood control scheme. There was no hydraulic
modelling and mapping was limited to prior observation from flood events.

3. Lindsay Creek from Potters Road to the Water of Leith Confluence Hydraulic Modelling
Report (OPUS, 2004)
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The primary purpose of this report was to assess existing channel capacity against
established design discharges and to assess potential hazard mitigation alternatives. This
study developed a limited 1-Dimensional hydraulic model using MIKE 11 software. Flood
and hazard mapping was coarse as there was limited topographic data available at the
time. This report was used to develop a preliminary flood control scheme for the area;
however, the scheme was never constructed.

4. Flood Hazard of Dunedin’s Urban Streams (ORC, 2014)

This study examined flooding hazards throughout the Dunedin area and Lindsay Creek was
one of several streams examined. The study was completed to support the review of
Dunedin City District plan. It did not include hydraulic modelling and floodplain mapping
was completed using ageomorphological approach. The approach and results were similar
to the 2001 study.

5. North East Valley Catchment Rapid Flood Hazard Assessment (Stantec, 2022)

This study is the most current study known. The study used modern Infoworks ICM software
and included 2-Dimentional hydraulic modelling. Mapping was completed using Lidar
topographic data. This study was done as part of a rapid flood hazard assessment for
Dunedin District Council (DCC) and contains several known limitations. Specifically, there
was little processing of surface data to include various hydraulic controls and accurate
representation of stream geometry (which Lidar did not capture due to heavy tree cover,).
The model was not calibrated, and the hydrology used a fluvial based rain-on-grid
approach. The results were mapped in detail, but the underlying data is subject to a variety
of limitations and is overly conservative as the intent was not a detailed analysis.

1.4 Considerations for Using this Report

This report has been prepared to provide an assessment of flood hazards within the project area
based on the best available information, accepted engineering practice, and hydraulic modelling
undertaken at the time of the study. While every effort has been made to produce representative
flood extents, depths, and hazard information, all flood modelling is subject to uncertainty arising
from assumptions relating to rainfall, hydrology, hydraulic model parameters, topographic data,
channel conditions and future catchment changes.

At present, New Zealand does not have nationally adopted standards or guidance defining the
preparation, presentation, or interpretation of flood hazard mapping. Consequently, approaches to
flood modelling, hazard classification and map presentation vary between councils and
practitioners. The flood hazard maps presented in this report should therefore be regarded as
planning and risk management information intended to support land use planning, infrastructure
management, and emergency preparedness. They are not intended to define legal flood
boundaries or to be used as the sole basis for insurance underwriting, property valuation, or other
property specific information, financial or legal decisions.

The hydraulic model has been developed to represent fluvial flooding associated with Lindsay
Creek and does not include a detailed capacity assessment of the existing stormwater drainage
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network. While the influence of the stormwater system is represented where appropriate (spatially
varied discharge added), localised flooding associated with drainage blockages, pipe capacity
limitations, asset condition or operational issues may not be fully reflected in the modelled results.

Flood hazard maps represent a snapshot of current catchment conditions and should be
interpreted in conjunction with the accompanying technical information and an understanding of
the underlying modelling assumptions. In the absence of nationally consistent standards or a
formal public accreditation or review process for flood mapping in New Zealand, users should
recognise that future studies, updated datasets or revised modelling approaches may result in
changes to assessed flood extents or hazard classifications. This report should therefore be
considered as one component of a broader flood risk assessment framework rather than a definitive
statement of flood risk for any individual property.
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SECTION 2.0 - AREA STUDIED

2.1 Catchment Description

Lindsay Creek drains an approximately 12.5 km? catchment on the southern slopes of Mount Cargill
before joining the Water of Leith near the Dunedin Botanic Garden. The main channel is around 7
km long and flows through North East Valley, receiving runoff from a number of short, steep
tributary catchments.

The upper catchment comprises steep, predominantly vegetated terrain that responds rapidly to
intense rainfall, producing high velocity flows capable of transporting sediment and woody debris.
As the creek enters the lower catchment, channel gradients reduce, and the surrounding land
becomes increasingly urbanised. Residential development is concentrated across the valley floor
and eastern slopes, while the western slopes remain largely covered by bush and farmland.

The combination of steep headwaters and urban development produces a flashy hydrological
response, with flood flows reaching the developed areas of North East Valley within a relatively
short period following heavy rainfall. Flooding is influenced by both the capacity of the Lindsay
Creek channel and the performance of the stormwater network, with elevated creek levels limiting
stormwater discharge during larger events. Flood risk is further affected by the potential for
channel erosion, debris accumulation, and localised instability of the adjacent hillslopes.

Table 2.1 contains a description of the characteristics of the catchment that drains to and
contributes to flooding withing the study area.

Table 2.1: Catchment Characteristics

Catchment Description Approximate Catchment
Name INCERGE)Y)]
~7km long creek draining steep
Lindsay Creek undeveloped land into an urban 1,200
setting

2.2 Sources of Flooding

Lindsay Creek - Fluvial

Fluvial flooding within the Lindsay Creek catchment is primarily driven by the combination of a
steep, rapidly responding upper catchment and extensive urban development across the lower
valley. Intense rainfall generates high runoff rates that are conveyed quickly to the floodplain and
North East Valley, resulting in short flood warning times and rapid rises in water level. Where the
capacity of the creek channel is exceeded, overbank flows inundate adjacent residential,
commercial and community land.

Flood hazard may also be exacerbated by sediment transport, debris accumulation and bank
erosion, which can reduce channel conveyance or obstruct structures such as bridges and culverts.
In addition, the presence of unstable hillslopes adjacent to parts of the channel creates the potential
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for landslides or debris to partially obstruct the waterway during extreme events, increasing the
extent and depth of flooding upstream.

2.3 Historical Flood Events

Historic flood events that resulted in damages were reported in 1868, 1877, 1882, 1883, 1923, 1929,
1936, 1938, 1944, 1945, 1946, 1968, 1971, and 1991. (ORC, 2001). Flow gage data is available
beginning in 1979 at the North Road Bridge. Priorto 1979 the primary flood discharge estimate was
from the 1929 flood event. (MacLean, Wilkie, & Alexander, 1931). The 1929 estimate appears to be
an outlier and has been excluded from recent frequency analysis. Table 2.2 provides a summary of
historic peak discharges. It should be noted that the 2006 and 2016 flood events did not result in
significant reported damages.

Table 2.2: Historic Peak Discharges

Year Discharge Source of Data
(m’/s)

1929 69.0 Historic Estimate

1991 32.3 Gage EM136

2006 29.9 Gage EM136

2015 29.9 Gage EM136

2.4 Flood Hazard Reduction Measures

Flood protection works along Lindsay Creek and within North East Valley have historically been
undertaken in response to individual flood events rather than as part of a single, coordinated flood
protection scheme. Consequently, there are a variety of existing channel modifications that vary in
age and purpose with continuous engineered channelisation largely confined to the lower reaches
downstream of North Road.

Major channel modifications followed the 1929 flood and included realignment, channel
enlargement and construction of reinforced concrete retaining walls between Chambers Street and
the Water of Leith. During the 1960’s the concrete channel was extended approximately 125m
upstream to North Road, together with associated bridge works, while further lining was installed
following the 1968 flood to address erosion at the North Road bridge approaches. Additional flood
wall construction was completed between Allen Street and Selwyn Street during the mid-1970s as
the first stage of a wider channel upgrade programme. Although further widening and walling
upstream had been proposed, the remaining stages were never implemented. Since that time,
works have generally been limited to localised erosion repairs, debris collection, bank protection
and maintenance of existing assets.

A comprehensive assessment of flood mitigation options was subsequently undertaken by the
Otago Regional Council during 2010-2013. This work developed both a full flood protection scheme
and a reduced-scope alternative for Lindsay Creek. Neither option was progressed beyond the
investigation stage, with Council determining that the anticipated costs, prevailing economic
conditions and community feedback did not justify implementation at that time. More recently,
ORC has committed to revisiting flood risk management for Lindsay Creek through updated hazard
investigations and consideration of future mitigation options. (Payan & Van Woerden, 2024)
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SECTION 3.0 - ENGINEERING METHODS

3.1 General

Flood hazard assessments for the Lindsay Creek catchment were undertaken using established
hydrological and hydraulic modelling techniques consistent with current engineering practice in
New Zealand. The study estimates the extent, depth, velocity and hazard of flooding for a range of
design rainfall events representing different probabilities of occurrence. Unless otherwise stated,
flood events are described using their Annual Exceedance Probability (AEP), which represents the
probability of a flood of a given magnitude being equalled or exceeded in any one year. For
reference, a 10% AEP event has a one-in-ten chance of occurring in any given year, while a 1% AEP
event has a one-in-one-hundred chance of occurring in any given year.

Although AEP provides a measure of the likelihood of flooding in any individual year, it does not
imply that flood events occur at regular intervals. Floods of a similar or greater magnitude may
occur in consecutive years, or even more than once within a single year, while extended periods
may pass without an event of the same size. The probability of experiencing a particular flood
increases over longer timeframes. For example, a property has approximately a 26% chance of
experiencing at least one 1% AEP flood over a 30-year period.

The results presented in this report represent the predicted flood behaviour based on the available
topographic, hydrological and hydraulic information, and the catchment conditions that existed at
the time the study was undertaken. Flood hazard mapping should therefore be regarded as a
representation of current conditions rather than a permanent depiction of flood risk. Future
changes to land use, development, stormwater infrastructure, channel conditions, climate, or the
availability of improved datasets may influence flood behaviour and may warrant revision of the
mapping and associated hazard information.

3.2 Hydrologic Analysis

The hydrologicalinputs to the hydraulic model were based on the results of arecent flood frequency
analysis undertaken for ORC Gage EM136 which is located near the North Road bridge at the
downstream end of the study area. The flood frequency analysis provides estimates of peak flows
for the selected annual exceedance probability (AEP) events and forms the hydrological basis for
the flood hazard assessment. Table 3.1 shows the results from the FFA for gage EM136.
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Table 3.1: Flood Frequency Analysis Gage EM136

Expected Upper 90%
Probable Flow Confidence Limit
(m3/s) (m3/s)
0.2% 47.6 62.3
0.5% 42.8 55.6
1% 39.0 50.3
2% 35.0 44,7
5% 29.4 36.9
10% 24.9 30.7
20% 20.0 24.1
50% 12.4 14.5

3.3 Climate Change

As presented in section 3.2, design flood discharges adopted for the hydraulic modelling were
obtained from a recent flood frequency analysis. The flood frequency analysis provides estimates
of peak discharges for the required design annual exceedance probabilities under historical climate
conditions. With this approach here is no underlying rainfall-runoff model used to derive these
flows. Consequently, it was not possible to directly apply projected future rainfall changes to a
hydrological model to derive climate-adjusted design discharges.

The Ministry for the Environment (MfE) guidance document Tools for Estimating the Effects of
Climate Change on Flood Flow: A Guidance Manual for Local Government in New Zealand (MfE, 2010)
recommends that, where practicable, the effects of climate change on flood flows should be
assessed by applying projected changes in extreme rainfall to a rainfall-runoff model and deriving
future flood flows through hydrological simulation. This approach accounts for catchment-specific
factors influencing the conversion of rainfall to runoff, including catchment size, slope, soils,
storage characteristics, and antecedent conditions.

In the absence of an available rainfall-runoff model, a sensitivity-based approach has been adopted
to represent the potential effects of climate change on design flood flows. A 20% increase has been
applied to the peak design discharges used as inflows to the HEC-RAS hydraulic model. This
adjustment is intended to represent a plausible increase in flood magnitude associated with
projected increases in extreme rainfall intensity and is applied as a sensitivity allowance rather than
as a definitive prediction of future flood behaviour. The adopted 20% increase is considered
appropriate for the study catchments given its rainfall-driven flood response characteristics.
Previous assessments undertaken using hydrological modelling have demonstrated that increases
in peak flood discharge can be of a similar magnitude to, or greater than, increases in extreme
rainfall, due to nonlinear catchment responses during high-intensity rainfall events (MfE, 2010). The
selected allowance is therefore considered a reasonable representation of potential future flood
sensitivity in the absence of catchment-specific climate-adjusted hydrological modelling.
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The resulting climate-adjusted peak discharges have been used as inputs to the HEC-RAS model to
assess the potential effects of increased flood magnitude on flood levels and extents. The
uncertainty associated with this simplified approach should be recognised, and the results should
be interpreted as representing a sensitivity scenario rather than a precise estimate of future flood
flows.

3.4 Model Discharges

For hydraulic modelling, the design peak discharges presented in Table 3.1 were assigned at
appropriate locations along the modelled reach to reflect changes in contributing catchment area.
As the contributing catchment area decreases upstream, the corresponding design discharges
were reduced accordingly. Table 3.2 provides a summary of discharges used in the model for
various AEPs.

Table 3.2: Model Discharges
Station/Location 0.2% 1% 2% 5% 10% 20%

5024 [ 600m Upstream of Cluny St. &
Norwood St. Intersection

4040 [ 400m Downstream of Cluny St.
& Norwood St. Intersection

3044 | End of Tannandice
Street

23.0 188 169 142 12.0 9.7

11.8 9.7 8.7 7.3 6.2 5.0

12.8 = 10.5 9.4 7.9 6.7 5.4

3.5 Hydraulic Structures

The hydraulic model incorporates the principal in-channel structures that influence flood
conveyance along Lindsay Creek, including a total of 12 roadway and pedestrian bridges. These
structures were explicitly represented within the hydraulic model to account for their effects on flow
contraction and potential overbank flooding during design flood events.

Bridge geometry was developed primarily from available as-built drawings, supplemented by site
inspections and topographic survey data where required to confirm dimensions and levels. The
inclusion of these structures ensures that the hydraulic model appropriately represents the
influence of bridge openings, deck levels and abutments on flood behaviour throughout the study
reach.

3.6 Hydraulic Analysis

Hydraulic modelling was undertaken using HEC-RAS Version 6.7, employing a coupled one-
dimensional/two-dimensional (1D/2D) unsteady flow model to simulate flood behaviour within the
study area. The main creek channel and hydraulic structures were represented using a one-
dimensional (1D) model, while floodplain inundation and overland flow paths were simulated using
a two-dimensional (2D) computational mesh.

The model terrain was developed from multiple elevation datasets. Ground elevations were based
on the 2021 Otago Coastal Catchments LiDAR survey, while the creek channel geometry was refined
using cross-sectional bathymetric survey data collected in 2024.

10
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Hydraulic resistance was represented using spatially variable Manning's roughness coefficients.
Floodplain roughness values were assigned using a raster dataset derived from the 2018 New
Zealand Land Cover Database (LCDB), with each land cover class assigned an appropriate
Manning's n value. Initial roughness values were subsequently refined during model calibration to
achieve an appropriate match with the observed flood levels from the 2016 flood event. Asummary
of the adopted Manning's n values is provided in Table 3.3.

Table 3.3: Roughness Coefficients

Land Cover Manning’s “n”

Built Up Area 0.08

Urban Parkland Open Space 0.03
Exotic Forest 0.08
Gorse/Broom 0.035

High Producing Exotic Grassland 0.035
Indigenous Forest 0.08

3.7 Model Calibration & Validation

The hydraulic model was calibrated against the 2015 flood event using surveyed post-flood debris
marks collected throughout the Lindsay Creek catchment. Debris marks provide an indication of
the peak flood level and were used as the primary dataset for assessing model performance.

Calibration involved comparing the modelled peak flood elevation with the surveyed debris mark
elevations and refining key model parameters, including channel and floodplain roughness, to
achieve an appropriate level of agreement while maintaining physically realistic hydraulic
behaviour. Consideration was also given to the representation of hydraulic structures, channel
geometry and overland flow paths to ensure the model adequately reflected observed flood
behaviour.

Overall, the calibrated model demonstrated good agreement with the surveyed flood levels and
reproduced the general pattern and extent of flooding observed during the 2015 event. Minor
differences between modelled and observed flood levels are expected and reflect the inherent
uncertainties associated with flood modelling, including the accuracy of surveyed debris marks,
estimation of the flood inflow hydrograph, topographic data, and assumptions regarding channel
and floodplain conditions at the time of the event. Appendix A provides a summary of the model
calibration comparing surveyed debris marks to the calibrated water surface elevation.

11
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3.8 Summary of Hydrologic and Hydraulic Analyses

Table 3.4 provides a Summary

of Hydrologic and Hydraulic Analysis.

Table 3.4: Summary of Hydrologic and Hydraulic Analysis

Flooding Source
Catchment Area
Study Limits

Hydrologic Methods
Hydraulic Model
Outputs

Special Consideration

Lindsay Creek - Fluvial
1,200 Ha

600m Upstream of Cluny St. & Norwood St. Intersection to the
Confluence with the Water of the Leith

Flood Frequency Analysis Gage EM136
HEC-RAS 6.7 (1D/2D Combined)
Inundation and Hazard Maps for the 1%, and 0.2% AEPs

The influence of local stormwater systems are represented where
appropriate (spatially varied discharge added) but the study did not
consider details on pluvial flooding and adjacent storm sewer
network

Table Bl in Appendix B provides a summary of the modelled scenarios.
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SECTION 4.0 - MAPPING

4.1 \Vertical and Horizontal Control

Flood hazard mapping was completed using the model outputs within the HEC-RAS software. The
reference horizontal and vertical datums are NZTM 2000 and NZVD 2016 respectively.

4.2 Terrain and Survey Data

For mapping purposes, the terrain data was developed from the 2021 Otago Coastal Catchments
LiDAR survey. The lidar has a vertical accuracy specification of £0.2 m (95%) and a horizontal
accuracy specification of £1.0 m (95%).

4.3 Floodplain Inundation Mapping

Floodplain boundaries were mapped by overlaying the modelled maximum water surface
elevations over the terrain data. The modelincorporated the available topographic and hydraulic
information to simulate the distribution of floodwaters across the floodplain and identify areas
susceptible to inundation for the various hydrologic scenarios.

4.4 Flood Hazard Assessment Mapping

Hazard categories were assessed/calculated in accordance with the general guidance provided in
the Australian Rainfall and Runoff (ARR) Guidelines. (McLuckie, Babister, Smith, & Thompson, 2014)
Flood hazard is assessed by considering the combined effects of floodwater depth and flow velocity,
recognising that the level of risk to people, vehicles, and structures is influenced by both the depth
of inundation and the speed at which floodwaters are moving. While shallow, slow-moving water
generally presents a lower hazard, increasing depths and velocities can significantly increase the
potential for instability, structural damage, and risk to life.

The hazard classifications were derived by applying the ARR hazard methodology to the hydraulic
model results. The simulated flood depth and velocity were combined to calculate a flood hazard
value, which was then assigned to the corresponding hazard category. These categories provide a
consistent framework for identifying areas of lower, medium, higher, and extreme hazard, assisting
with floodplain management, emergency planning, land-use assessment, and the communication
of flood risk.

The adopted hazard categories are illustrated graphically in Figure 4.1.

13
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Figure 4.1: Hazard Classification - Australian Rainfall Runoff Guidelines

4.5 Summary of Mapped Outputs

Table B2 in Appendix B provides a summary of maps developed for this study. Mapped model results
are included with this report.

14
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APPENDIX A: CALIBRATION SUMMARY

Surveyed | Modelled
Debris Mark Water

Point Northing Easting (m) Surface (m) | Difference (m)
215 4919540.78 | 1407696 23.479 23.72 -0.241
216 4919567.75| 1407707 24.445 23.86 0.585
220 4919572.39| 1407711 24.103 23.92 0.183
221 4919620.07| 1407754 24.463 24.64 -0.177
222 4919652.58| 1407800 24.785 25.01 -0.225
223 4919690.45| 1407804 25.451 25.43 0.021
247 4919771.92| 1407804 25.991 26.22 -0.229
248 4919796.29| 1407816 26.291 26.41 -0.119
249 4919931.44| 1407887 27.338 27.56 -0.222
250 4919959.47| 1407918 27.542 27.87 -0.328
200 4919996.51| 1407980 28.986 28.48 0.506
203 4919941.54| 1408249 30.939 30.82 0.119
204 4919933.33| 1408299 31.386 31.25 0.136
205 4919923.22| 1408358 32.435 32.03 0.405
206 4919910.18| 1408422 33.014 32.95 0.064
208 4919911.73| 1408444 33.373 33.27 0.103
209 4919925.79| 1408488 33.824 34.25 -0.426
210 4920090.4 | 1408584 36.163 36.53 -0.367
224 4920195.62| 1408630 37.947 38.58 -0.633
227 4920262.4 | 1408698 39.636 39.89 -0.254
225 4920350.24 | 1408755 41.112 41.76 -0.648
226 4920501.64 | 1408877 45.586 46.01 -0.424
228 4920506.85| 1408932 46.816 47.06 -0.244
230 4920574.42| 1409014 49.304 49.27 0.034
231 4920583.8 | 1409309 56.231 56.19 0.041
232 4920583.77| 1409308 56.265 56.17 0.095
234 4920584.09| 1409304 56.154 56.06 0.094
238 4920659.53| 1409395 59.455 59.36 0.095
239 4920800.19| 1409463 63.1 63.27 -0.17
240 4920833.06| 1409515 65.707 65.45 0.257
241 4920845.43| 1409545 66.249 66.48 -0.231

Average (m) -0.071

Horizontal Coordinate System: NZTM

Vertical Coordinates: NZVD16
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Table B1: Summary of Model Scenarios

Scenario
ID

S1
S2
S3
S4
S5
S6

Description

Calibration

Existing Conditions 1% AEP Flood

Existing Conditions 2% AEP Flood

Existing Conditions 0.2% AEP Flood

Existing Conditions 1% AEP Climate Change
Existing Conditions 0.2% AEP Climate Change

Table B2: Summary of Maps

Map ID
1.1

1.2
1.3
21
2.2
23
24
2.5
2.6
3.1
3.2
3.3

Scenarios Mapped  Output Type
S2, S4 Flood Extent
S2,S4 Flood Extent
S2,S4 Flood Extent
S3 Flood Hazard
S3 Flood Hazard
S3 Flood Hazard
S4 Flood Hazard
S4 Flood Hazard
S4 Flood Hazard
S5, Sé Future Flood Extent
S5, S6 Future Flood Extent
S5, S6 Future Flood Extent
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Model Plan Geometry

Calibration.p01 Leith_Lindsay_Existing.g01
E_100_FFA.p02 Leith_Lindsay_Existing.g01
E_50_FFA.p03  Leith_Lindsay_Existing.g01
E_500_FFA.p05 Leith_Lindsay_Existing.g01
F_100_FFA.p05 Leith_Lindsay_Existing.g01
F_500_FFA.p05 Leith_Lindsay_Existing.g01

Description

2016 Flood -
Q100_FFA 1%
Q50_FFA 2%
Q500_FFA  0.2%
Q100_CC 1%
Q100_CC  0.2%

Flood Inundation Mapping — Lindsay Creek STA. 0+00 to 21+00

Flood Inundation Mapping — Lindsay Creek STA. 21+00 to 37+00

Flood Inundation Mapping — Lindsay Creek STA. 37+00 to 49+00

Flood Hazard Mapping — Lindsay Creek STA. 0+00 to 21+00

Flood Hazard Mapping — Lindsay Creek STA. 21+00 to 37+00

Flood Hazard Mapping — Lindsay Creek STA. 37+00 to 49+00

Flood Hazard Mapping — Lindsay Creek STA. 0+00 to 21+00

Flood Hazard Mapping — Lindsay Creek STA. 21+00 to 37+00

Flood Hazard Mapping — Lindsay Creek STA. 37+00 to 49+00

Climate

Change
No

No
No
No
Yes

Yes

Flood Inundation Mapping Future — Lindsay Creek STA. 0+00 to 21+00

Flood Inundation Mapping Future — Lindsay Creek STA. 21+00 to 37+00

Flood Inundation Mapping Future — Lindsay Creek STA. 37+00 to 49+00
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Condition
Existing
Existing
Existing
Existing
Existing

Existing

Purpose

Calibration/Baseline
Flood Hazard Mapping
Investigation

Flood Hazard Mapping
Future Flood Risk
Future Flood Risk
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MAPS
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