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Executive summary

Water management has become a pressing concern for many New Zealanders from grassroots level
through to our national political dialogue.

In recent years, conversations about water management have tended towards how our communities
can be better provisioned by resilient ‘three waters’ services, and the limits of our regulatory
approaches on maintaining an acceptable amount and quality of water within our lakes, streams and
rivers.

Flooding is the most common natural hazard that New Zealanders face. The role that a low profile
and separate layer of infrastructure — the vast network of critical flood protection, river control and
land drainage schemes — plays within water management has generally been absent from these
conversations.

Over 100 towns and cities across the country have been built alongside rivers or on flood plains.
Between the 1930s and 1980s, billions of dollars were spent building stopbanks, pump stations and
related assets to protect our citizens and lifeline infrastructure, and enable regional economic
stability by preventing regular flooding of our communities and productive land.

New Zealand has come to rely on the protection provided by over 350 flood protection, river control
and land drainage systems. The effectiveness of these systems combined with the low frequency,
high impact nature of flooding keeps public awareness of flood risk to life, property, livelihoods and
the economy low — until there’s a failure — and flood risk is expected to increase as society
anticipates more extreme weather events and sea level rise.

This has prompted New Zealand’s river managers — the stewards of these critical assets — to stop and
think about how well their current practices will serve future generations of New Zealanders.

Environmental engineers, Tonkin + Taylor, and resource economists, Covec, were commissioned to
conduct this national assessment of current practices, quantify benefits at a national level and
identify future challenges associated with the flood protection, river control and land drainage
schemes managed by regional councils.

This national assessment is intended to raise the profile of this hidden infrastructure and its
importance. It has not been possible to fully explore all of the issues and challenges identified in this
report. It is expected that this report will serve as a starting point for more detailed assessments of
these issues.

Takeaway messages

This national assessment has found that, regional councils appear to have, overall, adopted an
appropriate level of asset management, renewal and upgrade processes. However, the methods
used by councils to understand, interpret and approach both technical and non-technical river
management issues are inconsistent, and this variability may unknowingly expose some New
Zealand communities to a greater likelihood of asset failure and its consequences.

These infrastructure assets are vital in protecting and supporting New Zealand communities and
economic development. These assets protect around 1.5 million hectares of land — including highly
productive primary production land, and many urban areas. This report does not cover the effect
that historic and current land use practices have had on our water ways, which undoubtedly have a
place in water management conversations.

All of these assets have a combined capital and operational value of $3.6 billion, and in aggregate for
every dollar of invested there is some $55 of avoided losses on average. These assets provide
$13 billion in benefits to New Zealand every year.
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Many technical and non-technical challenges face the sector tasked with managing our river
management infrastructure. This river management sector is relatively small, with limited capacity
and capability to address these challenges. Therefore the sector will need to work together across
organisational boundaries, and in collaboration with external parties to adequately face these
challenges and serve future generations of New Zealanders.

Key findings

Survey data. Data for this assessment was gathered from over 350 flood protection, river control
and land drainage schemes managed by regional councils throughout New Zealand. These schemes
directly protect some 1.5 million hectares of land which comprises about 5.5% of New Zealand’s land
mass, and includes highly productive primary production land, and both small and large urban areas.

Scheme funding. Funding is generally provided through targeted rates on rateable land that either
directly or indirectly benefits from the schemes. The schemes also protect or provide a benefit to
non-rateable land (Crown estate), regionally significant public utilities — such as three waters
infrastructure — and nationally significant infrastructure such as roading and rail networks, and
energy and telecommunication links. Current funding practices impact on how councils manage and
deliver flood protection, river control and land drainage infrastructure and services.

Scheme management. Indicators of how well the schemes are being managed include infrastructure
asset condition, criticality, and performance. Our assessment of asset condition scores for river
management infrastructure indicates that, on the whole, regional councils appear to have adopted
appropriate levels of asset management, renewal and upgrade processes for various asset types.
However, documented asset management practices are variable between councils, and do not
generally describe asset criticality and asset performance.

Asset value. The infrastructure assets comprising the schemes — stopbanks, dams, river structures,
flood gates, drains, pump stations, and the like — have a collective replacement value of $2.3 billion.
In comparison to other publically owned infrastructure, the national value of this infrastructure is
small.

Cost benefits. The schemes included in our assessment provide an estimated Net Present Benefit of
$198 billion (SNZD at 2016), over $11 billion each year. These benefits includes the wider social and
economic benefits of the schemes. The Net Present Cost to operate, maintain and rebuild the
schemes total an estimated $3.6 billion (SNZD at 2016).

Consistency. Variability in how councils understand, interpret and approach both technical and non-
technical flood protection and land drainage issues was found throughout this assessment.
Nationally consistent methodologies in how flood protection and land drainage infrastructure are
managed and delivered would assist in ensuring an appropriate level of investment in this
infrastructure and associated services to New Zealand communities. We would also expect this to
deliver financial efficiencies for ratepayers.

Communication. Many councils describe large flood events to their stakeholders in terms of
occurrence probabilities, which has limitations due to the uncertainties associated with estimating
these probabilities. It would be useful for the river management sector to reframe these community
discussions with a primary focus on event consequences with less emphasis on event probabilities.
This is in line with the risk based approach now prescribed in the Resource Management Act. These
discussions may be most effective when they include data and illustrative scenarios which convey
the consequences and residual risks of events, and community and scheme vulnerabilities.

Technical and non-technical challenges. Many technical and non-technical challenges face the river
management sector. These challenges include understanding the impact of more frequent extreme
rainfall events, involving much wider stakeholder groups in decision making, scheme funding and
affordability, and how environmental, social and cultural values are considered in river management
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activities. Many of the challenge themes are similar to those that councils face in the delivery of
other infrastructure and services, but the specific challenges facing the river management sector and
how it may respond to them are unique.

Given the relatively small and distributed nature of the asset base managed by the sector, a
coordinated response from river managers and collaboration with external parties is required to
address these challenges. For this to happen effectively, there needs to be further standardisation of
whole-of-life asset management and resilience planning methodologies across councils, and
development of an enabling environment which supports knowledge sharing and knowledge
transfer. Inter-organisational transfers and collective staff training would help staff to work
effectively across organisational boundaries. Consideration should be given to how these types of
cross-organisational activities are collectively funded.

We've identified a number of areas for further work which will help the river management sector to
better address issues and challenges that it faces. Our recommendations are to work across the
following themes:

Working together across the sector

a Provide resources to river managers to enable and support a step change in professional
collaboration and development across regional council river managers and with external
organisations, so that the sector as a whole can proactively respond to the challenges
identified in this national assessment.

Communication and enabling environment

b Communicate as ‘one voice’ the state of the river management sector and the outstanding
value the schemes provide to New Zealand as identified in this assessment.

C Proactively engage as ‘one voice’ in discussions about potential changes to the regulatory
environment (for example, managing natural hazards under the RMA, development of
National Disaster Resilience Strategy, other RMA reforms, etc) so the views of the river
management sector are understood by central government.

d Develop methodologies and programmes to enable river managers to effectively engage with
stakeholders on the schemes, and their benefits, including how the schemes work and help
manage flood risk.

Quality people

e Increase the capacity and capability of the sector to deliver future-focused, successful
community outcomes, which may include formal graduate intake and professional
development programmes.

f Partner with tangata whenua to bring new skills, networks, and views into the river
management sector.

Practices, methodologies and standards

g Benchmark each regional council against key metrics including staffing levels, service levels,
funding levels, and the like.

h Prepare nationally consistent asset management methodologies, metadata standards,
targeted asset management maturity levels, funding and payment metrics, reporting
frameworks (e.g. AMPs), and level of service standards.

i Assess on a scheme by scheme basis asset criticality and performance against asset condition,
to better understand how well infrastructure assets are being managed including how river
structures integrate with flood protection schemes, and identify where key vulnerabilities lie.
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j Compile a technical body of knowledge to establish best practice, and identify knowledge gaps
or uncertainties, and research needs (e.g. water quality, risk communication, climate change,
river geomorphology).

k Carry out an assessment of cultural and environmental values of the schemes and take them
into account when assessing the schemes’ benefits and costs.

| Develop a river management resilience framework and supporting decision making tools to
enable regional councils to better inform and position communities so they respond to shocks
and stressors with minimum disruption, and to formally include environmental, social, cultural
and economic values into projects.

m Understand the financial viability of the schemes and common funding issues (asset
revaluation, depreciation and renewal expenditure, borrowing, etc) on a national scale and
their implications on future affordability of the schemes, and what the impacts of removing
protection or decreasing a level of protection may be.

n Investigate alternative funding rationales and strategies, for example, to avoid a higher
proportion of scheme costs sitting with fewer ratepayers and to recognise the wider benefits
of the schemes.
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1 Introduction

In conjunction with Tonkin + Taylor and Covec, regional councils have combined forces to carry out a
national assessment of river control, flood protection and land drainage schemes (collectively, ‘the
schemes’, or ‘river management activities’) that are managed by regional councils. The River
Managers’ Special Interest Group, which reports to the Regional Council CEO Special Interest Group,
has overseen this project. Specifically through this project we have sought to identify at a national
level:

. The location and state of the schemes’ infrastructure assets

. The benefit they provide in protecting and developing communities and economies

. The quality of asset management and ability to deliver community agreed service levels
° The present and future opportunities and challenges associated with river control, flood

protection and land drainage

The outcomes from the project will enable the river management sector to:

. Understand the current state of the schemes in New Zealand

. Communicate the nation’s reliance on and value of investment in river control, flood
protection and drainage schemes

. Quantify the investment in the schemes’ infrastructure by regional councils and their
predecessors

. Quantify annual maintenance/renewal expenditure in maintaining agreed levels of service
defined in asset management plans

. Quantify the benefits of these schemes to the community

. Understand the extent to which work or plans are in place to meet increasing expectations of

communities which benefit from them, including the predicted implications of climate change
on the schemes

. Identify strengths and weaknesses in current institutional performance of the river
management sector

1.1 Background

Regional councils have been responsible for the construction, maintenance and improvement of
river control, flood protection and land drainage scheme infrastructure since 1989. This is when the
powers of catchment boards under the Soil Conservation and Rivers Control Act 1941 Act were
vested in regional councils and unitary authorities. Prior to 1989 this infrastructure was developed
and managed by catchment authorities — often working in partnership with central government
who helped fund this infrastructure.

In the absence of seeing this infrastructure tested in significant rainfall or flood events, communities
may well forget the purpose, and therefore the importance and value, of this infrastructure. By its
very nature, over time this infrastructure simply becomes part of the landscape.

The lack of widespread awareness of the role, state and value of this infrastructure to New Zealand
may have contributed to its general omission from the National Infrastructure Unit’s Thirty Year New
Zealand Infrastructure Plan 2015.
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1.2 Methodology

Tonkin + Taylor conducted a review of spatial (GIS-based) information provided by regional councils
of their river control, flood protection, and drainage schemes to identify the areas that benefit from
the schemes’ infrastructure assets.

With this spatial information we undertook a high level analysis of the economic benefit afforded by
the schemes. The cost benefit analysis was carried out by our project partner Covec, a company
specialising in natural resource economics. In carrying out this analysis, Covec undertook an
international literature review of flood protection economic evaluation methods to inform their
analysis.

We also received detailed responses from the river manager at each regional council in the form of a
written questionnaire. Questions and responses covered factors that influence how river
management services are delivered. Topics were categorised under the broad headings of People,
Equipment, Environment, Processes, Organisation, and External (PEEPOE framework). The
guestionnaire is included in Appendix C.

The matters raised by river managers, and the outcomes of our analyses were discussed with the
river managers’ project steering group in three workshops held throughout the course of this
project.

Our research covered the way councils manage delivery of other infrastructure assets in NZ, the
difference between delivery of river management infrastructure to other infrastructure, and how
the history of river management in NZ has influenced the sector we have today. Where appropriate,
we’ve drawn on our knowledge and experience of working within the river management sector.

1.3 Limitations

This project has relied on information provided to us by river managers and regional councils. Most
of this information was provided via Asset Management Plans, councils’ GIS and ratings databases,
and through responses by river managers to the PEEPOE questionnaire. Data was also gathered
through follow up questions and workshops with the river managers’ project steering group.

Information provided to us has been taken at face value, with data anomalies queried and checked
with relevant river managers. A detailed review of all information provided is outside the scope of
the project. Based on our experience and understanding, we consider that the results of our analysis
represent a reasonable overview of NZ’s state of management of river control, drainage and flood
control schemes, and their value. Limitations include:

. Data was provided by all regional councils and unitary authorities with the exception of Nelson
and Marlborough

. Data provided by Otago Regional Council had some gaps in asset value that could not be
resolved within the constraints of this project

. Schemes managed by territorial local authorities — such as Christchurch City Council — are
outside the scope of this project!

o The economic assessment and cost benefit analysis are based on 2016 costs

. The cost benefit analysis does not attempt to fully account for all environmental, social, and

cultural benefits and costs of the schemes as discussed in Section 5.3 Exclusions on page 19.

1The scope of this survey included regional councils and the regional council functions of unitary authorities.
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2 The nature of river management and land drainage activities

River control and flood protection activities exist to reduce the severity of impacts on communities
from low frequency, large flooding events. Land drainage activities allow the use of low lying land
predominantly for agricultural production or improve the productivity of agricultural land. These
activities provide communities with greater security from substantially mitigated flooding risks and
confidence from better knowledge of how frequently their land may be inundated. This has enabled
economic growth through increased productivity of land.

Ironically, the success of these schemes, particularly in reducing the impacts of flooding, has resulted
in a low awareness of these activities amongst the wider community. Failure of this infrastructure to
provide a particular level of service — or even recognition that the infrastructure exists — is often not

immediately apparent.

The relatively infrequent nature of these events stands in contrast to other infrastructure assets —
for example, the wastewater, stormwater, or transport links that are utilised on a near daily basis.
While many of those assets, such as underground pipes, are unseen and taken for granted by the
general public, it quickly becomes apparent when a council doesn’t deliver these services to the
standard expected by the community. Feedback to councils and agencies responsible for managing
these assets is often immediate and very clear. However, similar feedback is infrequently available
for river management activities because a scheme’s performance may only be tested once or twice
within a generation.

A combination of event infrequency and subsequent lack of performance feedback presents many
challenges to the river management sector. Not least, are communities’ engagement and
understanding of their infrastructure needs, and the ability of managers to secure and maintain
funding for scheme assets. These challenges are discussed further in this report.
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3 Brief history of river management and land drainage in New Zealand

The economic, social, and cultural development of New Zealand is intricately linked with human
interventions to manage the direction of rivers to protect people and property from flooding, and to
drain low-lying land for productive use.

Settlement in New Zealand has primarily occurred on and around the coastal alluvial flats near rivers
and streams. In locating settlements on flat land adjacent to rivers and surrounding land, Maori and
European settlers were able to use the rivers to their advantage. Fertile soils, drinking water, and
transportation links were afforded by these waterways. Conversely, this also exposed them to the
hazards of flooding, erosion and sedimentation, and water borne diseases.

Early activities and legislation (1850s-1900s)

By the mid-19% century, settlers had initiated various river management and land drainage works on
an ad hoc basis in an attempt to guard against the hazards posed by the rivers. Although various
pieces of legislation were enacted to formalise river management and land drainage activities
(notably the River Boards and Land Drainage Acts of 1908), a fairly piecemeal and localised approach
to these activities continued until the late 1930s. By this time soil erosion and its impact on
waterways had become prevalent issues in catchments nationwide. These issues, and the Esk Valley
floods of 1938, prompted a response from central government that resulted in the passing of the
Soil Conservation and Rivers Control Act 1941.

Formation of the Soil Conservation and Rivers Control Council (1941)

The 1941 Act established the Soil Conservation and Rivers Control Council (SCRCC), which centralised
soil conservation, river management and land drainage activities under the Ministry of Works and
Development, and gave rise to a formal, interventionist approach to river management and land
drainage activities. During this time central government subsidised capital river management works
of between 30% and 87.5% of the capital cost of the works. Higher subsidies were provided for
larger, nationally important schemes, and lower subsidies provided for smaller, locally important
schemes. Although most of the works were subsidised in the order of 70% to 75%, the local funding
contribution engendered a sense of ownership among communities that benefitted from the works.

The 1941 Act also established Catchment Boards (or Commissions) and made them responsible for
river functions and objectives. These included controlling or regulating water flows into and out of
watercourses, preventing or lessening the likelihood of overflow and associated damage from
watercourses, preventing or lessening erosion, and promoting soil conservation.

To achieve these objectives Catchment Boards were given powers to compulsorily acquire land,
make by-laws, control land use, undertake river management and land drainage activities, and
recover their costs from communities. However instead of acting unilaterally with these powers, the
Catchment Boards endeavoured to take a collaborative approach with communities, who in many
instances were financially assisted to undertake works at the direction of Catchment Board staff.

It was under this regulatory regime, with some later amendments?, that most of the country’s now
existing river control, flood protection, and land drainage infrastructure was planned, designed and
constructed.

2 Notably the Water Pollution Act 1953, the Water and Soil Conservation Act 1967 (which also created the National Water
and Soil Conservation Authority), the Town and Country Planning Acts of 1953 and 1977, and the Local Government Act
1974.
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The rise of environmental awareness and an understanding of the interconnection between land use
and water quality in the 1960s and 1970s led to a raft of regulatory changes. Most notable was the
Water and Soil Conservation Act 1967. This created the National Water and Soil Conservation
Authority (NWASCA) and generally resulted in the morphing of catchment boards and commissions
into regional water boards. Boards were charged with responsibility for regulating any significant
uses of water through a water rights system.

Local government reforms (1980s-current)

The major state sector and local government reforms?® of the 1980s essentially completed the
transition of river management and associated soil conservation functions to regional authorities.
These reforms included the dissolution of NWASCA and the allocation of its responsibilities and
those of the Catchment Boards to regional councils. Central government retained a limited transfer
policy and monitoring role through the Ministry for the Environment.

These reforms also eliminated central government funding of capital and maintenance works for
river control, flood protection, and land drainage activities. Prior to NWASCA'’s abolition, central
government’s servicing department (the Ministry of Works and Development) typically applied a
funding vote of more than $40 million per annum to support these functions. These are now largely
paid for through rates levied by regional councils.

Transitioning from a position of very substantial Government funding support to total reliance on
local and regional funding sources posed many political and technical challenges. In general,
however, that transition has been successfully made, albeit with some community-negotiated
changes to protection service levels, both upwards and downwards.

Regional councils are now the organisations primarily responsible for soil conservation, maintenance
and enhancement of water quality, water quantity, aquatic ecosystems, and the avoidance or
mitigation of natural hazards. But whereas the primary consideration of most river management
infrastructure built during the mid-20™" century was safety and economic growth — social, cultural,
and environmental values of water resources are now prominent policy and activity drivers. This can
be seen in the start of freshwater co-management with tangata whenua, more collaborative
engagement on freshwater issues from statutory and industry organisations, and the National Policy
Statement for Freshwater Management.

River management activities supporting safety and economic growth still remain vitally important to
the communities and primary industry sector that directly benefit from them, as well as their
supporting infrastructure, such as the nationally important transport and telecommunications links
that underpin the functioning of modern society.

3 Including the Local Government Act 1989 and the Resource Management Act 1991.
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4 An overview of New Zealand schemes

So what do New Zealand flood protection and land drainage schemes look like? This section provides
a snapshot of river control, flood protection, and land drainage schemes. It covers what’s included
and excluded from a scheme, the extent and quantity of the schemes nationally, and the state of the
infrastructure assets within schemes.

Figure 4.1: Stopbanks protected Palmerston North from inundation during the 2004 Manawatu River flood
event. Source: teara.govt.nz

4.1 Schemes — what’s in and what’s out?

The river management activities undertaken by regional councils generally deal with the
management of rainfall runoff on a catchment scale, and are broadly classed into four scheme types
based on the nature of their benefit as follows:

. Land drainage — getting water off the land into a stream or river

. Flood protection — keeping water in the river and off land

. River management — keeping the river where it is

. Tidal inundation — keeping sea water off land
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Each regional council classifies schemes and
their infrastructure assets into these four
broad types. This publically available
information has been used in this
assessment.

What is not covered under these schemes
and is excluded from this assessment is the
management of stormwater runoff in urban
or semi-urban settings by city and district
councils. The management of some flood
control and coastal protection schemes by
city and district councils such and the Avon-
Heathcote River in Christchurch or the
Maitai River in Nelson is also excluded*.

Figure 4.2: Surface flooding on productive land served

by land drainage scheme, Waikato 2008. Source:
conservation activities to reduce soil erosion Waikato Regional Council.

and in some instances these are key

elements of flood protection schemes. Although these soil conservation activities are important to
water quality and overall catchment health, assessing the state and value of them is beyond the
scope of this assessment.

Additionally, regional councils undertake soil

Flood protection

»
-

Land drainage River

& » 4 N
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Land drainage )
pump station River control

Figure 4.3: Schematic of flood protection, river control and land drainage services

4.2 Scheme extents

The geographic coverage of river control, flood protection and land drainage schemes can be
described as follows:

. Infrastructure assets — physical structures which protect land from being inundated by water,
for example, stopbanks, flood gates, pump stations, and river training works

Capital and operational expenditure associated with these assets are generally funded by rates from
the following areas:

. Direct benefit areas — areas of land which are immediately protected from flooding by
infrastructure assets and would otherwise be subject to flooding during storm events up to
and including the size of a design event

° Indirect benefit areas — areas of land which sit outside the direct benefit area and receive a
‘community good’ from protection afforded by the infrastructure assets

4 The scope of this survey included regional councils and the regional council functions of unitary authorities.
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. Exacerbator areas — upper areas of land in a catchment that contribute runoff to low-lying
portions of a catchment and contribute to drainage or flooding issues experienced in these
lower lying areas

The direct benefit areas for all scheme types across New Zealand is shown in Figure 4.4, below.

LEGEND

|:| Regional Council Boundaries
- Benefit Schemes

Figure 4.4: Extent of direct benefit areas
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4.3 Number of schemes

There are around 364 river control, flood protection, and land drainage schemes administered by
regional councils across New Zealand that have been included in this assessment.

A breakdown of the number of scheme types by region is given in Table 4.1 below. We found that
how the nature of scheme benefit is described varies depending on the scheme. Specifically, some
schemes provide a single benefit type only, while other schemes provide multiple benefits. For those
schemes that provide multiple benefit types, the available data was insufficient to understand the
proportion of benefit type.

For example, there are a large number of schemes in the Waikato that are identified as only
providing drainage benefit. This is contrasted with the Kaituna scheme in the Bay of Plenty that
provides flood protection for an event having a 1% Annual Exceedance Probability (AEP) and
drainage protection for events up to 20% AEP.

Schemes with multiple benefit types were most common for regional councils in the Bay of Plenty,
Hawkes Bay, Manawatu, and West Coast. Future data analysis would be made easier if the schemes
or their constituent parts were able to be classed under a single benefit, though we recognise this
may be difficult.

Table 4.1: Number of scheme types by region

Benefit Type River Mixed Total
Council Flood Drainage = Management  Tidal Benefit  Schemes
Northland 2 0 0 0 1 3
Auckland’ - - - - - -
Waikato? 3 86 0 0 5 94
Bay of Plenty 0 1 0 0 4 5
Gisborne DC 2 17 0 0 0 S
Hawkes Bay 2 2 0 21 25
Taranaki 0 0 0 2 2
Manawatu 7 6 0 15 34
Wellington 51 15 0 0 0 66
Marlborough DC - - - - - -
Nelson CC = = = = - -
Tasman DC 0 0 16 0 6 22
West Coast 3 1 2 1 13 20
Canterbury 15 13 28 0 4 60
Otago 3 g 1 0 1 8
Southland 6 0 0 0 0 6
Grand Total 94 142 55 1 72 364
Notes:

1. Council reported it does not have any relevant schemes under management.
2. No data was provided for schemes protecting urban settlements in Taupo and Thames — Coromandel Districts.
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4.4 What schemes protect

The 364 schemes for which data is available provide direct benefit to some 1.5 million hectares of
land (about 5.6% of New Zealand’s land area). As noted previously, schemes provide benefit beyond
the areas of direct benefit. Regional councils recognise this through the identification of indirect
benefit areas and exacerbator areas for the purposes of striking a rate to fund the schemes.

In addition to the rateable areas of benefit that schemes protect — or otherwise provide a
‘community good’ — schemes also protect non-rateable land and regionally and nationally
significant infrastructure, including transportation, energy and telecommunication links. For
example, State Highway 1, the North Island Main Trunk Line, and a trunk fibre optic cable are
protected by the Lower Waikato scheme. Social and cultural infrastructure, for example, the Hutt
Hospital and numerous schools, marae, libraries and churches, are protected by the Hutt Valley
scheme.

The available scheme rating databases from each region were combined to prepare Figure 4.5,
below. This figure shows the four benefit types relative to each other for rateable land area, rateable
land value, and rateable capital improvements (capital value less land value).

Rateable Land Area Rateable Land Value Rateable Capital Value

B Flood Protection [l Land Drainage |l River Management [l Tidal Protection

Figure 4.5: Comparison of benefit proportions for rateable area, land value, and improvements value by
scheme type based on available data

4.4.1 Discussion

As illustrated in the pie charts, flood protection schemes protect an increasingly greater proportion
of rateable land area, land value and capital value compared to other scheme types. This indicates
that flood schemes may protect a greater portion of urban land — with capital improvements —than
other scheme types.

Land drainage schemes comprise approximately half of the total number of schemes in this
assessment. However, they protect a disproportionately small amount of rateable land area, and a
diminishing proportion of rateable land value and capital improvements. This is indicative of the
more rural nature (primary industry production) of land protected by these schemes.

The same diminishing proportion of rateable land area, value, and capital improvements are
observed for tidal protection schemes. Again this is indicative of the rural nature (primary industry
production) of land protected by these schemes. For example, the area protected from tidal
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inundation in lower Piako River is the largest area of tidal protection benefit, as this scheme covers
an extended area of low-lying farmland near or below sea level.

A diminishing proportion of rateable land area, value, and capital improvements is also observed for
river management structures. However, these structures are often integral to flood protection

schemes. The data does not clearly illustrate a linkage between these structures and the type of land
they benefit. Further work would be required to demonstrate this link at a national or regional level.

4.5 Infrastructure assets

4.5.1 Asset value

The total replacement value® of river control, flood protection and land drainage infrastructure
assets is approximately $2.3 billion. This is about 4.5% of the estimated $45 billion replacement
value of assets for three waters infrastructure (drinking water, waste water, and stormwater) as
stated in Treasury’s Thirty Year NZ Infrastructure Plan 2015-45.

The total replacement value of infrastructure assets (about $2.3 billion) is broken out by asset type
in Figure 4.6, below.

Pump stations, $69 M

Tidal erosion protection
Drains, $93 M and structures, $4 M

Flood gates, $67 M

River structures
and surrounding
structures, $884 M

Stop banks, $1105 M

Dams, $37 M

Figure 4.6: Summary of total replacement value by asset type for provided data

Flood protection is generally provided by stopbanks and dams. Across the assessed councils, these
assets make up about half of the capital investment but provide almost three quarters of the capital
value protected. In other words the capital value of land protected by stopbanks and dams is
disproportionally higher than the asset value.

The same pattern can be seen for assets including pump stations, floodgates and drains which
provide land drainage. These assets make up about a tenth of the total capital investment and from
this provide benefit to around a fifth of the capital value protected.

River structures, such as groynes, rockwork and other armouring, training banks, weirs, and
trees/vegetation, are associated with both flood protection and river management as noted above.

5 Total replacement value of the infrastructure assets is based on the valuations published in the asset management plans
available for this assessment.
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However, based on the data provided it is difficult to apportion value of these assets to those benefit
types. We note that river structures are often capital intensive and integral to flood protection
schemes, and the river structures themselves may not directly relate to a large area of benefit.

Further work is needed to better understand how river structures integrate with flood protection
schemes, and how the river structure capital and economic values could be apportioned to discrete
benefit types.

4.5.2 Asset condition

A fundamental aspect of asset management is the systematic inspection and recording of asset
condition. The International Infrastructure Management Manual (IIMM) 2015° uses a five point scale
for asset management scoring. For the purposes of this assessment we have used the IIMM
qualitative descriptors (Excellent/Good/Average/Poor/Failed) instead of a one to five scale.

Based on the data available for this assessment, it appears all regional councils use the NAMS scale.
However, there is little, if any, asset condition assessment standardisation across the councils or
even within a council. In our experience, the way asset condition is assessed can vary depending on
who undertakes the assessment and when the assessment is carried out. For example, staff who are
very familiar with an asset can become complacent with its condition and overlook some
shortcomings. Additionally, in absence of condition scoring guidance staff departures can result in
new staff using a different reference point to score asset condition.

The sector has recognised that standardisation in asset condition scoring is important, and has
recently developed a stopbank condition assessment framework that all councils should adopt.
Development of further assessment frameworks for assets such as for pump stations, floodgates and
the like, is beneficial and should be considered by river managers.

The overall condition of river control, flood protection and land drainage infrastructure assets is
summarised in Table 4.2, below. Data is based on conditions published in the asset management
plans made available for this assessment.

Table 4.2: Asset condition summary

Infrastructure asset type Condition (qualitative descriptor)

Stopbanks Average or better

Floodgates Average or better

Drains Good or better, some Average
Dams Average or better

Pump stations Average to Good, some Poor
River structures Good, some Poor to Average

At an overview level, the asset condition scores suggest regional councils have adopted an
appropriate level of asset management, renewal and upgrade according to asset type. Scores also
reflect councils’ general asset management approach of maintaining stopbanks in perpetuity while
river and mechanical structures are worn and then replaced, hence the latter group having a wider
range of condition. A summary of regional asset condition by type is included in Appendix A.

The condition of an infrastructure asset does not tell the whole story of how well that asset is being
managed. Asset condition needs to be assessed in conjunction with asset criticality and performance

6 The IIMM 2015 is identified by the New Zealand Asset Management Support Organisation as best practice in asset
management.
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to understand if and when maintenance or renewal work needs to be carried out. Asset criticality
and performance are generally not well documented by regional councils, and an assessment of
these criteria is beyond the scope of this report. Further work to assess these factors against asset
condition would require a more in depth scheme by scheme review.

4.6 Regional breakdown

A regional breakdown of the number of schemes by type is given in Figure 4.7, below. There is
significant variation between councils in terms of the size and make up of schemes. Figure 4.7 is
ordered by total value of each councils’ scheme assets with two cohorts emerging. One is a cohort of
councils — Canterbury, Manawatu, Waikato, Greater Wellington, Bay of Plenty and Hawkes Bay —
covering a significant overall proportion of asset value. The other, a cohort of councils collectively
making up a smaller proportion of the asset value.
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Figure 4.7: Scheme attributes as proportion of assessed total
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5 Economic value of the schemes to New Zealand

A cost benefit analysis was undertaken by economic consultants, Covec, to help define the total
economic value of the schemes included in this assessment. Covec’s report is attached in Appendix E
and its analysis is summarised in this section.

Covec estimates that the river control, flood protection, and land drainage schemes included in this
assessment provide a Net Present Benefit of $198 billion (SNZD at 2016). Using the sum of the
regional councils’ published infrastructure asset replacement values and operational expenditure of
$3.6 billion (SNZD at 2016), the average Benefit Cost Ratio (BCR) of these schemes to New Zealand is
approximately 55:1. For comparison, large infrastructure projects in New Zealand, such as those for
the NZ Transport Agency, are considered economically viable if the BCR is greater than 1:17. As such,
with an average BCR of 55:1, these schemes provide outstanding value for money to New Zealand.

5.1 Methodology

A cost benefit analysis (CBA) of the schemes was undertaken by adding all of the estimated benefits
of the schemes and subtracting estimated operational and maintenance costs. To undertake CBA,
two scenarios were assessed:

. The factual case — that is the overall benefit to the community with the schemes in place, and

. A counterfactual case — that is the overall benefit to the community where there are no
schemes in place

Covec considered three different situations for the counterfactual case, and evaluated situations in
terms of the assumptions needed to define them, the analytical problems arising from these
approaches, and whether and to what degree any approach adopted is consistent with best practice
for CBA.

The counterfactual approach that was used for this analysis assumes that to continue to receive the
current scheme benefits, the community is willing to pay an amount equal to value of assets and
land currently protected by the schemes. This assumption, which is further described in Covec’s
report attached in Appendix E, is made on the basis that the owner of the scheme could otherwise
remove these assets.

The approach used to evaluate the benefits to the community was predominantly based on the
value of damage to residential and other buildings, and the valuation of various land use types that
are protected by the schemes. These are described in detail by Covec, and summarised in Table 5.1.

7 Economic evaluation manual, New Zealand Transport Agency, January 2016.

Tonkin & Taylor Ltd April 2018
Hiding in plain sight - An overview of current practices, national benefits and future challenges of our flood Job No: 62067.v1.1
protection, river control and land drainage schemes

River Managers' Special Interest Group



15

Table 5.1: Valuation approach by land use and scheme type (Covec 2017)

Land use/ River

land type Flood protection Tidal protection Drainage management

Built-up areas NPV of avoided Value of Value of Value of

(residential and damage improvements improvements improvements

other buildings plus difference plus differencein  plus difference in
in value of land value of land uses value of land uses
uses

Other land uses Greater of NPV of  Difference in Difference in Difference in

avoided damage
or Difference in
value of land uses

value of land
uses possible

value of land uses
possible with/

value of land uses
possible with/
without river

with/without
tidal protection

without drainage
possible with/
without flood
protection

management

For flood protection, the Net Present Value of avoided damage was estimated through the
development of flood risk density curves, whereby the annual average damage for an area of land
can be determined with and without a scheme in place, as shown in Figure 5.1 below. For the
purposes of estimating annual average damages, data from the NZ Insurance Council for floods
between 1976 and 2016 was used.

A A
AAD avoided ” PV of counterfactual damage
v -
z > %
7~ AAD with scheme = CV. %,
g
[+ X
0
2
0 100 200 300 400 500 0 100 200 300 400 500

Return period (years) Return period (years)

Figure 5.1: Annual Average Flood Damage (AAD), and Average Annual Damage avoided with a flood control
scheme in place that has a 100 year return period level of service. The counterfactual is also shown.

Finally, the level of flood damage avoided was modified based on each scheme’s benefit rating, as
set out in their relevant asset management plans.

For differences in land use, Covec used the difference in value of land based on the current use, and
counterfactual use assuming that no scheme was in place.

Covec reviewed potential non-market values such as insurance costs, emergency cost multipliers and
health impacts on the community. Based on work carried out for the Greater Wellington Regional
Council, Covec adopted a value of 100% of direct damage costs to take account of a range of non-
market costs associated with flooding in urban areas. This cost was allocated on a pro rata basis for
non-urban areas based on average population densities for rural areas in NZ.

The data used by Covec for this analysis is outlined in their report. It included:

° The flood level of service for the schemes used in this assessment

. The capital value of land within the scheme’s benefit area

° The land value within the scheme’s benefit area
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) The level of benefit provided (low, medium, high)
. Land cover descriptions.
5.2 Results

The results are presented across all schemes assessed and separated into scheme types, and are
summarised in Table 5.2 below.

Overall the benefits of the schemes are significant with a Net Present Benefit of approximately
$198 billion (SNZD at 2016) at an average Benefit Cost Ratio (BCR) of 55:1. The highest benefits
come from flood control, drainage, and mixed benefit schemes followed by tidal and river control
schemes.

The annual benefit of over $11 billion provided by the schemes is nearly five times their published
infrastructure replacement value. .

Due to the project steering group’s concerns of the significantly large difference in benefit calculated
for Canterbury region compared with other regions, we reviewed the input data for Canterbury and
Wellington regions and performed a few sensitivity checks. In this review we found some differences
in how these regions supplied their data and rate their schemes.

However, the differences between Canterbury and Wellington appear to be overshadowed by the
relatively large areas of direct benefit, and population within these areas. Using the latest census
meshblock information Canterbury has about 350,000 normally resident population in direct benefit
areas compared to 75,000 for Wellington’s Hutt Valley.

Table 5.2: Estimated benefit (2016 $ million) of flood control, drainage, river management, tidal
and multiple schemes

Estimated benefit

Annual benefit (at 6%

Protection type Land type (PV) (Sm) Discount Rate) (Sm)
Flood control Built-up area $134,601 $7,619
Other land use type $12,553 S71
Total $147154 $8,329
Drainage Built-up area $12,796 S724
Other land use type $629 S36
Total $13,424 $760
River Management Built-up area $2,167 $123
Other land use type $83 S5
Total $2,250 $127
Multiple types Built-up area $34,631 $1,960
Other land use type $895 S51
Total $35,526 $2,011
Total $198,354 $11,228

It should be evident that built-up areas that are protected by these schemes represent the greatest
benefit, which together represent over $184 billion NPV or over $10 billion of annual benefit,
compared with over $14 billion NPV or an annual benefit nearly $1 billion for other land use types
protected by these schemes.
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While not all councils are represented in this analysis we consider that the information is sufficient
for an evaluation of the benefits of the schemes to be made at a national level. It is expected that
inclusion of schemes not included in our analysis would return a similar, outstanding BCR.

Figure 5.2 depicts the cost and benefit of the schemes for each region in our assessment.

- Asset Cost ($SBillions)
- Benefit Value (SBillions)
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Figure 5.2: NPV of scheme benefits and capex + opex costs by region (values indicated where available, subject
to rounding)
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Figure 5.3 below shows the combined benefit and the benefit cost ratio for each region. This clearly
shows the significant benefit derived from the protection provided in various locations throughout
New Zealand, at various scales, and with different land use types being protected.

Figure 5.3 shows that the Canterbury region has a very high BCR. This is because virtually all of the
Christchurch urban area receives flood protection benefit from the Waimakariri Flood Protection
Scheme. We note that parts of Christchurch are protected by Christchurch City Council’s flood
protection schemes. The costs of these schemes have not been incorporated into our analysis and if
incorporated would reduce the BCR for the Canterbury Region. However, given the small scale of the
city’s schemes relative to the direct benefit area for all of the Canterbury schemes, we would expect
little change to our overall findings, i.e. flood protection schemes in Canterbury provide outstanding
value for money.
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Figure 5.3: Benefit, costs and benefit cost ratios for schemes included in this assessment
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Figure 5.4: Scheme attributes as proportion of national total including economic information

5.3 Exclusions

The economic assessment included in this assessment represents a snapshot of economic benefits
and costs as at 2016. A longitudinal study of how these benefits and costs have changed historically
and might change in the future was excluded from the scope of this review. We would expect that
given the increase in New Zealand GDP and land prices over the past two decades the benefit
provided by the schemes is likely to have increased over this period as a result. However, we are less
certain on how scheme costs and their cost benefit ratios may have changed over that period.
Special care would need to be taken in selecting time periods for such a longitudinal assessment so
the results are not overly influenced by selection bias.

The economic assessment included in this assessment is traditional in that a factor was applied to
the economic analysis to account for wider social and economic benefits of the schemes. This
analysis excluded a formal assessment of the cultural and environmental costs and benefits given its
overview nature and the complexities associated with assessing these values on such a large scale.
We would expect that the calculated BCR would change if these values were included in a cost
benefit analysis. We would also expect that if these values were included, the schemes overall would
still provide a net benefit to New Zealand given the large economic BCR calculated in this
assessment. Further detailed analyses of individual schemes or portions of schemes may reveal that
some are not economic.

Further work would be required to address these exclusions as well as understand infrastructure
asset valuation practices and outcomes, and forecast how the benefits and costs of the schemes
might change in the future.
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6 Management of the schemes

6.1 Asset management maturity

Asset management plans (AMPs) are the central documents for describing the purpose and
performance of a scheme and outlining how the scheme is managed.

Councils are required to prepare AMPs for flood protection assets under s101B of the Local
Government Act 2002. AMPs are optional for assets that deliver benefits to other areas — for
example, drainage, river management, and tidal protection.

We assessed the maturity of the asset management plans provided by regional councils using the
Asset Management Maturity Methodology published by Treasury®. Assessment was based on an
evaluation of a small selection of AMPs from each council. Treasury’s framework and our asset
management maturity assessment is included in Appendix B.

Figure 6.1: Asset management maturity by council

As seen in Figure 6.1 there is some variation in asset management maturity amongst the cohort of
councils managing a larger asset base (greater than $150M replacement value). Although all were
assessed as meeting or nearly meeting a ‘core’ level of overall asset management maturity (an asset
management maturity score of three). Canterbury and Manawatu fell just short of reaching a ‘core’
level, indicating that some aspects of asset management weren’t well described in the AMPs
reviewed.

Amongst the cohort of councils managing smaller asset bases (less than $100M replacement value)
asset management maturity scores varied more widely, with Tasman being the only council to nearly
achieve a ‘core’ rating. We expect this is due to their broader asset management responsibilities for

8 http://www.treasury.govt.nz/statesector/investmentmanagement/review/icr/information/assetmgmt, accessed
27 May 2017
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areas such as three waters and transport, which has helped them develop a stronger internal

capability to document their activities in AMPs.

It should be noted that AMPs may not reflect actual
management practice. This is because some river
managers reported that they carried out the necessary
asset management activities but did not document it in
their AMPs. This feedback predominantly came from
managers of smaller schemes.

6.2 Providing a level of service

One of the fundamental metrics across all of the schemes
is the level of service that the schemes deliver to their
benefit areas. Using a broad sample of asset management
plans provided, we reviewed the approach regional
councils have taken and the levels of protection offered
by schemes®.

6.2.1 Ways of measuring the level of service

We found that councils generally adopted one of three
methods for determining the level of service provided by
a scheme:

. Agreeing on a scope of physical works with the

Asset management maturity at district
councils

Although asset management maturity
scores that district councils target vary
depending on the asset class, a ‘core’
level of maturity is considered the
minimum acceptable score.

Some asset classes — for example,
roading — have higher minimum
acceptable scores. NZ Transport Agency
funding for roads drives better asset
management practices in the transport
sector and an ‘intermediate’ level of
maturity is required.

It is our view that regional councils
should agree on a nationally consistent
minimum level of asset management
maturity. We would expect that at a
minimum, regional councils should
target a score of ‘core’, though a higher
level of maturity may be desired.

community without reference to a target capacity or return period

. Providing physical works with a level of performance provided in terms of a target capacity —

for example, stating a maximum channel flow

. Providing physical works with a level of performance in terms of a target return period — for

example, referring to a 1 in 100 year event

The proportion of these three levels of service methods across the schemes in this assessment is

shown in Figure 6.2.

B Target Return Period

Target Capacity

B Agreed Works

Figure 6.2: Proportions of level of service methods weighted by asset value

9 The terms level of protection, level of service, and service level are used interchangeably in this document.
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6.2.1.1  Agreed works

The level of service provided by ‘agreed works’ schemes is defined by their performance during past
flood or rainfall events. For many of these schemes, both council staff and the community agree that
the scheme size does not justify the cost of detailed analysis. However, there are some documented
instances where council staff recommended technical analysis that did not proceed due to
community resistance to cost. With the scheme performance undefined, councils are only able to
track their service delivery through measures around maintenance works programmes or a general
description of channel condition.

6.2.1.2 Target capacity

The level of service provided by ‘target capacity’ was most common in mid-sized schemes. An
example of ‘target capacity’ flood scheme channel capacity with a flowrate of 900 m3/s or a pumping
rate in a drainage scheme of 7 mm/day. This type of service level provision focuses on managing the
natural processes and asset lifecycle issues that reduce the capacity below the target, and the
integrity of the scheme over time. Meaningful comparisons and conclusions between schemes and
councils with ‘target capacity’ levels of service cannot be made as their service level is specific to
each scheme.

Many of New Zealand’s hydraulic and hydrologic record lengths are relatively short — in the vicinity
of 40 to 60 years. As time passes and these record lengths increase, the frequency that a scheme’s
‘target capacity’ occurs will change. This phenomenon, combined with climate change will likely
cause the ‘target capacity’ of a scheme to be exceeded more frequently in the future. Climate
change is widely acknowledged to likely lead to more frequent high intensity storms and may result
in increased flood damages and poorer community outcomes if left unmanaged.

6.2.1.3 Target return period

The larger schemes have a level of service based on a ‘target return period’ or ‘target AEP’, for
example protection from events up to a 50 year return period or 2% AEP. For flood schemes, rural
return periods ranged from 5 years (20% AEP) to 100 years (1% AEP), with the return periods for
urban schemes ranging from 100 years (1% AEP) to 500 years (0.2% AEP).

Under a ‘target return period’ level of service, the notional level of service — say 2% AEP — will stay
the same over a given period until the agreed level of service is changed. However, the actual size of
the design event, such as flow and water level, will vary as the length of hydrologic record grows. In
addition, as environmental changes — ranging from land use change within the catchment, sea level
rise, and increased frequency of high intensity rainfall events to river channel aggradation or
degradation — take place, the frequency of a flood of a particular size will vary.

Given this, schemes that use a ‘target return period’ rather than a ‘target capacity’ to set the level of
service for a scheme need regular and detailed technical analysis to quantify the size of the design
event. Also, these schemes may require physical works to ensure the agreed level of service is
maintained. Schemes using a ‘target capacity’ approach will also require periodic technical analysis,
though on the face of it this should be more straightforward than that carried out for a ‘target return
period’ approach.

6.2.1.4 Discussion

Each of the three methods for determining the level of service currently in use may be suitable for a
given scheme, provided that information about event likelihood, scheme and property vulnerability,
potential consequences, and residual risk to the community are well understood and communicated.
Each of the three methods may also be suitable for a class of schemes. For example, the ‘agreed
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works’ method may be suitable for low risk schemes, the ‘target capacity’ method for medium risk
schemes, and the ‘target return period’ method for high risk schemes.

In addition, a ‘target return period’ may be more effectively communicated in terms of cumulative
probability rather than a return period or annual probability. For example, what is commonly known
as a 100 year flood is technically an event having a 1% probability of exceedance annually. People
regularly dismiss this risk believing there is a low probability of it occurring in their lifetime.

But statistically, a 1% AEP event has a 26% chance of occurring during the life of a 30 year mortgage,
and a 39% chance of occurring during a 50 year design life of a standard building?®.

Providing this and other contextual information may assist in increasing the public’s understanding
of a ‘target return period’ level of protection.

This approach, however, does not consider the uncertainty associated with event likelihood given
New Zealand'’s relatively short record periods. These short record periods mean that any estimate of
rainfall or flood events larger than one having a 10 to 20 year average recurrence interval (or a 10%
to 5% annual exceedance probability) is potentially unreliable. A summary of the length of historical
record required to reliably estimate return period events is presented in Table 6.1.

Table 6.1: Length of historical record required to reliably estimate return period events

Annual exceedance Length of record required to reliably
probability (AEP estimate return period events (years)

Average recurrence which is the inverse

interval (ARI, years) of AR, %) 95% reliable estimate  80% reliable estimate

2.33 43% 40 25

10 10% 90 38

25 4% 105 75

50 2% 110 90

100 1% 115 100

Source: Landslide risk assessment, Lee E.M. and Jones, D.K.C., Thomas Telford, 2004.

6.3 Changing the level of service

Changes to a scheme’s targeted levels of service typically do not happen very often. As noted above,
schemes using the ‘target return period’ and ‘target capacity’ methods of providing a level of service
will require periodic technical analysis to quantify the size of the design event, and possibly physical
works upgrades to ensure a scheme continues to provide the target level of service. There is not the
same need to review the underlying technical analysis of schemes where the ‘agreed works’
approach is adopted.

Even though most schemes would benefit from a level of service review, the scale of investment
required to improve service levels and the longevity of the associated infrastructure assets mean
there are long periods between planned reviews. By not having a regular programme of level of
service reviews, there is a risk that a scheme may not actually deliver on the community’s
expectations of performance.

10 Rather than using event AEP as a design basis, the New Zealand structural loadings code uses cumulative probability
language such as “an event having a 10% chance of occurring over 50 years”. This equates to a 475 year return period, and
approximately a 0.2% AEP.
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For example, the Heretaunga Plains Flood Control Scheme was 30 years old before undergoing its
first level of service review. Events that exceed a targeted level of service, for example the
Whanganui River floods of 2015, may also trigger a service review. However, these large scale events
are infrequent and any review is therefore on an ad hoc basis.

Regional councils generally undertake incremental reviews of scheme performance on an ongoing or
revolving basis. For example, the Waikato Regional Council has a programme of works to update
each of their hydraulic models on a 10 year rolling basis. The way this works is that a proportion of
their models are updated each year so that by the end of a 10 year period all models have been
updated. These reviews may identify changes in actual performance, for example, a reduction in
channel capacity. Or, they may identify changes in the understanding of actual performance, for
example, from an improved scheme model. These incremental reviews may produce updated works
programmes requiring consultation with the community.

Further work is required to standardise the timing and frequency of a level of service review across
the sector. This could be undertaken as part of the package of work described above to provide a
framework for determining the level of service by scheme class, and how risk is understood and
communicated.

6.3.1 Adequacy of existing levels of service

A comparison of the large economic BCR of the schemes and the relatively low performance
standards of schemes when compared with other hazards??, suggests that, on the whole, the
schemes may be under-designed for what they protect and enable. Further work would be required
to understand if the existing levels of service are appropriate and sufficiently in line with best
practice.

We would expect this conversation to be informed by a better understanding and communication of
flood risk information. This includes data on probability and likelihoods, scheme vulnerability and
that of protected properties, consequences, and residual risks, as well as the physical works and
associated costs required to provide a higher level of service. In our experience, the magnitude of a
200 year flood event is not twice that of a 100 year flood event even though the former is
statistically twice as rare as the latter. Further, we would expect the marginal cost of providing
protection from a 200 year event to be less than the cost of providing protection from a 100 year
event. Nonetheless, current pressures on scheme funding and affordability would need to be
considered in opting for a higher level of service. These pressures are further discussed in Section 6.6
of this report.

6.4 Community consultation

The requirements, processes, and techniques for effective community consultation on river
management activities can largely be classed into routine and non-routine matters.

6.4.1 Existing practices

Consultation on routine operational and maintenance matters including annual renewal
programmes, annual plans and the like are reported by river managers to be generally relatively easy
and straightforward to carry out. Consultation is reported by river managers to be effective for
smaller schemes and where stakeholders are direct beneficiaries.

11 The Reserve Bank of New Zealand’s solvency standards require insurers to be solvent after a 0.1% AEP (1 in 1,000 year)
earthquake, and after other events (e.g. storms and floods) with an AEP of 0.4% (1 in 250 year). The New Zealand structural
loadings code is designed to provide buildings that do not endanger human life during a 0.2% AEP equivalent (1 in 475
year) earthquake, while many flood protection schemes are designed to protect from events up to 1% AEP (1 in 100 year).
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A summary of consultation methods used by councils is given in Table 6.2, below. All councils report
using liaison committees which are comprised of stakeholders, although on some very small
schemes, the number of stakeholders is so small that the council deals directly with ratepayers.

Table 6.2: Consultation methods employed by councils

Consultation methods
Long term Liaison Direct consultation Annual ratepayer
Council plan committee (ie no committee) meeting Survey
Canterbury
Manawatu
Waikato

v v

Wellington
Bay of Plenty
Hawkes Bay
West Coast
Southland

Tasman DC

N8

Otago
Northland
Taranaki
Gisborne DC

SO ST S S S S (S S S S
S S S PSS T S S SIS S A S

Consultation on non-routine matters is generally more difficult as these matters represent a
significant change to scheme operation or level of service. For these issues, a unique consultation
strategy is required for each change or issue. This typically requires educating various stakeholders
about an issue, then gathering key stakeholders around a table to develop a consultation strategy
before finally consulting more widely. This process is reported to generally provide a better chance
of successful consultation on a major issue but doesn’t guarantee its outcome.

6.4.2 Willingness to pay

River managers also reported that communities are generally more willing to pay for tangible
measures of protection, such as stopbanks rather than soft responses — for example, land use
controls or managed retreat. Also, that communities often opt for a larger capital outlay in the near
term rather than an adaptive response carried out over many decades. These two incidences were
reported by Greater Wellington as results of their public consultation regarding the recent Hutt
Valley scheme upgrade for a future state of 2115.

6.4.3 Effective engagement

The ability to conduct effective stakeholder communications will be vital if communities are to
understand the rationale for, and gain the potential benefits — such as cost savings and improved
quality — from soft or adaptive approaches to flood hazard management. Especially as these
approaches are often controversial. For example, managed retreat may be the best long term option
for some communities. But this approach will require greater collaboration, and a willingness to
consider alternative strategies that provide a similar outcome to physical works — such as providing
safety and security from flooding.
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Given the uncertain level of impact surrounding many of the sector challenges outlined in Section 7,
river managers will need to be collaborative and engage early with stakeholders to deliver successful
outcomes for the community. This early engagement process may challenge river managers who the
community potentially perceives as having a vested interest in the ongoing maintenance of a
particular intervention. It may also challenge asset managers to consider whether and how the
community may respond to an event — such as flooding— and to then tailor their communication
appropriately at an early stage.

6.4.4 Risk communication

The importance of how well risk information — probability or likelihood, vulnerability,
consequences, and residual risk — is communicated to stakeholders cannot be emphasised
enough'?. Reframing by the river management sector of the risk discussion to one of consequences
first and cumulative probability and uncertainty second may be a good first step towards better risk
communication with stakeholders.

Understanding and building a national picture of flood risk vulnerability and consequences,
underpinned by development of a nationally consistent methodology for understanding and
documenting asset criticality, performance, and level of service, would be a useful foundation for
communicating this risk to communities and stakeholders.

6.5 Council staffing

Recruiting, retaining, and developing great staff is fundamental to the success of any organisation.
Current river management staffing levels are just sufficient to carry out day to day activities, and
staff often have a narrow technical skill set or limited understanding of river management in a New
Zealand context. Staffing issues that inhibit regional councils from producing successful river
management activities and community outcomes include:

. A chronic shortage of versatile, multi-faceted engineers with an understanding of the broader
non—engineering aspects of river management activities

. A lack of visibility of a professional river management career by university students

. No formal, sector-wide graduate engineer intake or development programme

. Lack of awareness of the regional council business by the wider public, and a lack of positive

news stories about regional council activities in the mainstream media

12 This approach is effected through a risk-based approach to natural hazards under the 2017 amendment to the Resource
Management Act, see http://www.mfe.govt.nz/publications/rma/resource-legislation-amendments-2017-fact-sheet-
series, Fact Sheet 10, accessed 27 May 2017.
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. Unstructured in-house and sector professional
development programmes that are geared
towards future issues facing the sector

. A lack of sophisticated employee transfer
arrangements between councils and with other
organisations

Addressing these staffing challenges is critical, and the
ability of river managers to resolve them individually is
constrained by several factors, including the current
level of funding at each council, and level of
coordination amongst regional councils.

Partnership and collaboration is essential to addressing
staff and resource challenges successfully. This could
take the form of working with an existing organisation
(e.g. IPENZ or LGNZ) or the formation of a new pan-
sector partnership to promote the river engineering
sector. Activities by this group of sector professionals
could include:

. Guest lecturing at engineering schools in New
Zealand universities

. Establishing a chair in river engineering and
management at a New Zealand university

. Developing a formal graduate intake and
development process

. Creating a river management continuing
education framework and supporting
coursework

. Facilitating movement of staff within and among
regional councils, and with similar organisations
overseas

6.6 Scheme funding
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Case study — Development of River
Management Asset Performance
Assessment Code of Practice

New Zealand’s river managers have already
recognised the importance of greater
consistency in assessing the condition and
performance of river management
infrastructure. Development of a guidance
document for this purpose was recently
developed by Greater Wellington RC, and
endorsed by other river managers.
However, we understand that uptake of the
Code of Practice has not been uniform
across the regional councils. We would
expect that implementation of the
methodologies outlined in the document
would require each river manager to affect
change within their council. Achieving this
in a timely manner across all regional
councils may be difficult depending on the
priorities of each council.

Additionally, development of this document
by a single regional council in the current
working environment raises some questions
about how it may be revised and updated.
We could see each council using the
document as a starting point, with
individual councils modifying it to suit their
context in isolation from others.

Clearly this is not what was intended when
the document was developed, though it
appears a real possibility given the current
working environment within NZ’s river
management sector.

As noted in Section 2, schemes were heavily subsidised via central government between 1941 when
the SCRCC was formed and 1987 when NWASCA was disbanded. The Local Government Act 2002
now provides councils with tools for fair and equitable allocation of rates according to benefit

received.

6.6.1 Funding sources

All regional councils generally use targeted rates as the primary funding source for the schemes®.
These rates are typically banded into benefit levels to reflect spatial variation in the benefit received
from a scheme. For example, a property on the second terrace of a flood plain will not receive the
same benefit from a flood control scheme as a property lower down and immediately adjacent to

the river.

13 A notable exception to this is Greater Wellington’s move towards funding schemes on the Kapiti Coast through a general

rate on properties in that sub-region.
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Some councils incorporate all relevant benefits into a single targeted rate, where others separate
out different costs and benefits as separate rating bases. In one instance 11 different targeted rates
overlapped. Obviously councils need to balance transparency, administrative practicality and
efficiency, fairness and accuracy when funding these schemes.

Some councils also use either a targeted or uniform rate for indirect benefit to provide part funding
of scheme costs by the wider community. This is restricted to schemes that are large enough to have
a clear benefit for the wider (or entire) region — either as an individual scheme or the cumulative
benefit from a number of schemes.

Overall, we found that each of the rating schemes was developed in its own context and
provenance, so even among schemes with simple rating areas it is difficult to use the rating
information as a basis for compiling and comparing scheme funding data. Future national data
analysis would be enabled by a consistent rating methodology and regional councils should consider
if this would be valuable and achievable.

6.6.2 Funding issues

Funding affects many aspects of a regional council’s river management business including:

. The future affordability of the schemes and their renewal programmes

. Whether a scheme’s level of service can be maintained, upgraded or may need to be
downgraded

. The ability of councils to employ, retain and develop, appropriately trained people to
effectively deliver work programmes

. The ability of councils to share information and experiences with other river managers

. Their success in educating the community about the value of schemes, what they protect and

the residual risks that the communities face

In our assessment we found a number of issues relating to funding and operational expenditure
pressures on river management activities including:

. Desire of some communities to control rate increases at the expense of infrastructure asset
investment or renewal

. The general expectation to do more for less

. Changing community expectations, the widening of stakeholder groups, and how

environmental, social and cultural values manifest themselves in river management activities,
including but not limited to:

- National Policy Statement for Freshwater Management 2014
- Health and Safety at Work Act 2015
- Co-governance commitments through Treaty of Waitangi settlements

. A greater incidence of non-rateable properties (and corresponding decline in rating base)
within areas of benefit from the schemes — for example through construction of new state
highways

. How asset condition is measured (discussed in Section 4.5.2 above), and how this informs

asset revaluation practices

. An increase in actual costs to renew or replace infrastructure above the planned expenditure
and / or asset book value. This can result from a variety of factors including poor financial and
asset management planning, a change in community expectations or legislative environment,
and construction costs increasing faster than general inflation
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. The way operational and maintenance activities are funded. For example, depreciating asset
book value and renewal expenditure, borrowing, and the resulting balance of payments

These issues and downward pressures on funding levels for river management activities discourage
best practice, and force staff to ‘make do’ by cutting expenditure elsewhere. This is particularly
relevant for unplanned additional expenditures. For example, on a recent capital works project on
the Lower Waikato scheme, the Waikato Regional Council decided to use more costly mechanical
components to provide better environmental outcomes while still providing the same level of
service, and had to trim budgets elsewhere to accommodate this unplanned expenditure.

Many of these issues are common across the regional councils, though how councils record, report
and manage them varies considerably. Further work would be required, for example, to better
understand the balance of operational payments on a national scale and its implications on future
affordability of the schemes. Standardisation in operational expenditure reporting would make this
assessment easier. As with other challenges, this appears to be one that would benefit from greater
cross-council collaboration.

As previously discussed, property rates paid to
regional councils are the backbone of funding
river management activities. Ratepayers,
however, are generally unable to offset a
property rates increase through increased
productivity (i.e. income generation) from their

Willingness to pay — a West Coast Regional
Council case study

The West Coast Regional Council (WCRC) has low
population growth and GDP per resident close to
the national average. Many of the flood
protection schemes WCRC is responsible for

land, and cannot release their property’s capital benefit, and are funded by, a small local

value until it is sold. This creates a challenging community.

situation where communities may not be willing Council staff sought to better understand changes
to pay for river management infrastructure to the risk posed by the Matanui Creek through a
upgrades and renewals despite professional flood study. When council staff approached the
advice from river management experts. It is our community to gauge support for this work, the

view that alternative funding strategies should be | community declined to spend the money,
explored so that regional councils can deliver a preferring to leave the current performance of
better river management service to their the scheme unknown.

communities.

6.6.3 Environmental, social and cultural context of scheme funding

It is our view that to meet changing community expectations and make investment decisions
transparently, developing a framework that formally accounts for environmental, social, cultural,
and economic outcomes of council projects and schemes would be beneficial. We expect that this
framework would be supplemented by a decision support tool, such as that recently developed for
NZ Transport Agency**. This would enable councils to be more proactive in responding to or adapting
to stressors or shocks on their infrastructure assets within a timeframe and to a cost that is
acceptable to the community.

In April 2017, the International Public Sector Accounting Standards Board (IPSASB) published a
consultation paper on Financial Reporting for Heritage in the Public Sector. In this context ‘heritage’
includes ‘natural heritage’, that is, the environment. NZ takes its accounting standards from the
IPSASB and the inclusion of environmental outcomes into this formal financial framework represents
a significant change in public sector accounting.

This may require regional councils to quantify in their financial reports the natural environment as
assets, and costs associated with maintaining the environment as liabilities. Further professional

14 Establishing the value of resilience, New Zealand Transport Agency research report 614, Money C. et al, 2017.
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advice would be required to understand how the consultation paper and subsequent standards may
affect the river management sector.

6.7 Regulatory environment

The regulatory environment relevant to river management in New Zealand is in a state of flux with
changes to the Resource Management Act (RMA), and the National Policy Statement for Freshwater
Management, the development of a National Policy Statement for Natural Hazards, funding of
emergency response / recovery under the Guide to the National CDEM Plan — Section 33
Government Financial Support, and development of a National Disaster Resilience Strategy.

In addition to the overarching national legislation and guidance, each river manager negotiates a
different regional regulatory environment, which has been developed in response to their
communities’ needs and desires and their own physical settings.

The following subsections outlined details of legislation as relevant to river management activities.

6.7.1 Soil Conservation and Rivers Control Act 1941

The 1941 Soil Conservation and Rivers Control Act (SCRCA) was a key piece of legislation that
enabled construction of many of the flood protection, river control, and land drainage schemes in
New Zealand. Key elements of this Act that continue to enable river mangers to carry out their work
include:

. Section 2 - The breadth of the definition of “defence against water”

. Section 10 - Objectives of the Act (c) the prevention of damage by floods and (d) the utilisation
of lands in such a manner as will tend towards the attainment of the said objects

. Part 7 Powers and Duties of (Catchment) Boards

- Section 126 (2) - General powers to construct, reconstruct, alter, repair and maintain
works and do other acts to fulfil function to minimise and prevent damage. These
powers are important to carry out river management activities. However, given their
breadth and reasonably unfettered nature, we note they could be subject to challenge
in a legislative review process

- Section 131 - Public Works Act 1981 to apply to construction works. This power is also
conferred to regional councils under the Local Government Act 2002

- Section 132 - Powers to enter for assessment and investigation

- Section 133 - Maintenance and improvement of watercourses and defences against
water

- Section 135 - Incidental powers, including the ability to acquire land under the Public
Works Act, enter & use land to take materials, access and load/unload materials and
establish work areas

- Section 137 - Notice in respect of works on private land. This could be subject to
challenge in a legislative review process

- Section 138 - Apportioning costs of works with owners of land

- Section 139 - Land can be purchased on system of time payment
- Section 140 - Leasing powers

- Section 143 - Supervision of drainage works and river works

- Section 146 & 147 - Ability of Board to pay for private works and purchase land
injuriously affected

- Section 148 - Liability for damages arising from neglect
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The objectives of the Act are indirectly encompassed in the purpose and principles of the RMA, with
some powers under the Act included in the Local Government Act 2002. Should any repeal of the
Act, or parts of it, be proposed river managers should carefully consider how these changes may
affect the functions and powers they currently have to enable their river management activities.

To access and maintain their assets some councils rely on good relationships with private
landowners and the provisions of the SCRCA. This, however, is variable as some councils own many
of their assets, or at least maintain easements over private land.

The ability of regional councils to own the land beneath their assets, or at least maintain an
easement across private land would remove some of the concerns river mangers have around
getting to and protecting their scheme assets. It must be noted that requiring regional councils to
buy land or negotiate easements would substantially increase their costs.

Many of the aspects of the Soil Conservation and Rivers Control Act (SCRCA), along with other
pertinent legislation have been repealed. A broad based, blues skies review covering key pieces of
legislation, including inter alia the Resource Management Act 1991 (RMA) and Local Government Act
2002, has been suggested by several organisations including Local Government New Zealand and the
Productivity Commission. Should such a review occur, there is a potential threat to regional councils
that the remaining residual provisions of the SCRCA, which enable river management activities and
are described above, could be inadvertently repealed.

Repeal of these remaining provisions would affect the ability for regional councils to develop new
schemes, manage and maintain existing schemes and, potentially, to upgrade schemes to respond to
the effects of climate change. Should a blue skies legislative review occur, how these activities are
enabled needs to be considered. Not only in the context of the way that these schemes have been
historically developed, but in light of current and likely future environmental and societal
expectations. This represents a significant challenge, not only to ensure that legislation allows
regional councils to effectively fulfil their obligations, but also to understand how those obligations
may change.

Additionally, there is a potential for significant additional cost on communities should these powers
be inadvertently removed. Costs could arise from:

. Councils being unable to maintain schemes if access is denied by land owners
. Legal costs associated with maintaining access rights
° Costs of land or easement purchase.

6.7.2 Resource Management Act 1991

The RMA affects river management and land drainage activities, which means river managers can be
both applicants and potentially affected parties under the Act. The way in which river managers
undertake their works and activities, and the ease of doing so, largely comes down to how the
effects of these activities are provided for through regional and other plans.

Provisions in Regional Plans are variable across the regional councils. Some plans have policies that
explicitly recognise some scheme structures as natural and physical resources and have specific
provisions that enable river managers to undertake a range of activities. For example in Hawkes Bay
and Taranaki a range of river management tasks can be undertaken as permitted activities (subject
to terms and conditions in the plan), or in some instances compliance with a Code of Practice or
similar document. Other regional plans, such as Greater Wellington Regional Council’s, are much
more restrictive and require resource consents to be obtained for nearly all works and activities that
river managers may need to undertake.
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Some plans and council practices identify scheme asset managers as potentially affected parties,
enabling them to be consulted on resource consent applications that may affect them — other plans
and council practices don’t. Those managers have reported they have little influence on decisions
that may impact on their infrastructure or their ability to deliver services to their communities.

Some regional councils use river management staff as experts in the evaluation of consent
applications — which raises potential conflict of interest issues — whereas others would tend to use
people from other parts of the organisation or commission this advice from an independent expert.

How these elements play out in any regional council — along with the size or value of assets under
management by a regional council — may affect the ability of councils to meet their obligations to
the community effectively and efficiently. In some circumstances these elements may affect the
councils’ ability to retain river management staff.

The river management sector could benefit significantly from a nationally consistent approach to
managing the effects of their schemes under the RMA. This approach would allow for more effective
collaboration and sharing of resources across councils because staff wouldn’t have to learn how to
work in a new regulatory setting. This would likely have a wide ranging and significant impact,
including providing further consistency in the delivery of services across the sector, normalising
compliance costs, expediting processes, and standardising expected outcomes.

6.7.3 Local Government Act 2002

River managers report that the Local Government Act 2002 generally enables and supports their
activities, and identified the following provisions as notably important to their activities:

. Ability to have targeted rates

. Use of the special consultative procedure
. Development of infrastructure management strategy
. Use of long term and annual planning processes to implement their infrastructure strategies.

6.7.4 Civil Defence and Emergency Management Act 2002

River managers also have a good connection to the Civil Defence and Emergency Management Act
2002 and see this as integral to their activities. Specifically in areas of emergency management
planning, providing advice to emergency controllers, and managing residual risk to communities.

The Ministry of Civil Defence and Emergency Management is currently developing a new National
Disaster Resilience Strategy that will replace the current National Civil Defence Emergency
Management Strategy®®.

The Ministry has prioritised the following areas for improvement:

. Understanding disaster risk
o Strengthening disaster risk governance to manage disaster risk
. Investing in disaster risk reduction for resilience

15 Thisis in response to international best practice that suggests a shift in focus from ‘managing disasters’ to ‘managing
risk” will improve the resilience of our communities. New Zealand is also signatory to the Sendai Framework which seeks: a
substantial reduction of disaster risk and losses in lives, livelihoods and health and in the economic, physical, social, cultural
and environmental assets of persons, businesses, communities and countries.
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. Enhancing disaster preparedness for effective response, and to “Build Back Better” in
recovery, rehabilitation and reconstruction.

6.7.5 Summary

The regulatory environment relevant to river management in New Zealand is complex and varies
from region to region. Key powers given to river managers under legislation such as the SCRCA may
inadvertently be removed under a ‘blue skies’ legislative review. As these potential issues affect the
sector as a whole, the sector would benefit from better collaboration to create ‘one voice’ and assist
in the development of policy and law on these issues.
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7 Resilience challenges for river management

Many of the challenges facing river management activities have been outlined in the preceding
sections and in this section we describe the concept of resilience. Many organisations understand
resilience in the context of natural hazards, however it also relates to other technical and non-
technical challenges. Many challenges facing the river management sector fit within the resilience
concept.

7.1 Resilience — in concept and practice

The concept of resilience is often simply thought of in terms of how a community responds to a large
earthquake or other natural disaster — how quickly will the community return to normal? Resilience
is much more than that.

Definitions and themes of resilience include understanding, communicating, and managing risk
though lenses as diverse as governance and leadership; health, wellbeing, stability and security for
individuals, families and communities; and the built and natural environment.

Central government and many of its agencies recognise the value that adopting a multi-faceted
resilience framework brings to their ability to deliver successful outcomes to their communities. As
noted above in Section 6.7, the Ministry of Civil Defence and Emergency Management is developing
a new National Disaster Resilience Strategy in line with the Sendai Framework for Disaster Risk
Reduction, of which New Zealand is a signatory. The NZ Transport Agency has a national resilience
programme and recently proposed a definition®® of resilience as: the ability of systems (including
infrastructure, government, business and communities) to proactively resist, absorb, recover from,
or adapt to, disruption within a timeframe which is tolerable from a social, economic, cultural and
environmental perspective.

In practical terms, if river management activities among regional councils were resilient one would
see a sector that, among other things:

. Values business continuity, and performs effectively in a crisis

. Is resourced in terms of capability and capacity to respond to known and unknown changes
relevant to the sector —including climate change or funding pressures

. Understands and effectively communicates risk information — event probability or likelihood,
vulnerability, consequences and residual risk

. Proactively engages with diverse stakeholder groups, and has the ability to measure the
environmental, social, cultural, and economic value of the services it provides

. Builds and maintains infrastructure assets that are robust and have spare capacity to
accommodate disruption and uncertainty

. Can adopt alternative strategies to continue to provide an agreed outcome — including safety
and security from flooding — to the community

Some regional councils are carrying out aspects of resilience without the benefit of working within a
systematic framework. In this assessment we’ve found that some councils may be better than others
at some aspects of resilience. These practices are not widely adopted, however, and are carried out
on an ad hoc basis without a vision or strategy of making our communities more resilient. Cross-
sector collaboration is needed to develop a river management resilience framework and associated
decision making tools to enable all regional councils to respond to their common challenges with
minimum disruption to their communities.

16 Money C. et al, 2017.
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7.2 Challenges as shocks and stressors

The challenges facing river management in New Zealand threaten the ability of regional councils to
effectively deliver their agreed services to the communities they protect. Challenges can be classed
as either shocks or stressors, depending on their nature. Shocks occur suddenly, often without
warning, test an organisation’s resilience, and can precipitate a crisis. Stressors are issues that
persist over a long time or recur frequently, and inhibit the capacity and capability of an organisation
to deliver its service or respond effectively during a crisis.

7.2.1 Potential shocks

The findings of this assessment indicate the main potential shocks facing the river management
sector include:

. Large flooding events, including infrastructure asset failure during a design event and over
design events

. Earthquakes, which can damage
infrastructure assets and deplete council
and/or insurance reserves

Insuring for Maximum Probable Loss

Following insurance claims resulting from the
2010-11 Canterbury Earthquake Sequence, the
reserves in the Local Authority Protection
Programme Disaster Fund were depleted.

. Future changes to how central
government financially supports local
authorities during emergencies As a result of this, and other changes to disaster

recovery funding for councils, many councils are

considering alternative insurance mechanisms. As
part of this, councils estimate their Maximum

Probable Loss during a natural hazard event, then

seek insurance for this amount.

. Changes to the regulatory framework that
enables river management activities

. Implementation of new policies or
standards that may make it difficult for
river managers to meet their consent
compliance obligations. Refer Appendix D
for a discussion on national metadata
standards.

There are a few consultancies operating in the
New Zealand loss estimation marketplace, each
with their own estimation methodology. Hawkes
Bay RC and Greater Wellington RC are two
regional councils known to have carried out this
exercise, and each have used a different
consultant / methodology.

Due to the complex systems and environments
where river management is practiced in New

Zealand, the occurrence of a potential shock can Regional councils should consider carrying out this

have an impact far beyond the immediate
community that receives direct benefit from the
scheme. Examples include:

beneficial exercise for each of their portfolios.
Before doing so it would be prudent to compare
the usefulness of methodologies available, and

consider whether a consistent methodology

¢ The March 2016 flooding of the Franz across the councils is preferred.

Josef township and closure of State
Highway 6. This highlighted that the failure
of flood protection in a small settlement on the West Coast can have a disproportionately
large impact on national and economically important tourism opportunities and connectivity

. The September 2010 Darfield earthquake, which severely damaged infrastructure assets in
Canterbury’s Waimakariri scheme. Urgent and timely repairs were undertaken and completed
just days before the December 2010 flood event in the Waimakariri River thereby protecting
the surrounding community from flooding

. Insurance claims from Christchurch City and Waimakariri District Councils to cover
infrastructure damage from the September 2010 and February 2011 Canterbury earthquake
sequence. Claims exhausted the reserves of the Local Authority Protection Programme
Disaster Fund, which placed other participating councils at risk of not having insurance
coverage for their infrastructure assets.
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7.2.2

Potential stressors

The findings of this assessment indicate the main potential stressors and their implications facing the
river management sector include:

A lack of effective
collaboration prevents
regional councils from
presenting themselves
as ‘one voice’

= Lack of effective collaborations - Change in regulatory
between organisations environment

» Scheme ﬁ_mding and = Change in disaster recovery
affordability funding arrangements

» Changing community
expectations

Inconsistent data
gathering and reporting
prevents regional
councils from easily
identifying issues
common to the sector

Challenge

examples

» Increased rainfall = Major flood event

Different regional » Sea level rise « Earthquake

regulatory
environments which
result in inconsistent
outcomes across the
regions and inhibits
collaboration between

= River geomophology = Biosecurity incursions

Natural ¢—— Organisational/Systemic

Stress ¢ » Shock

Figure 7.1: Example challenges facing river management
councils sector as shocks and stressors

A varied understanding of
flood risk information —probability or likelihood, vulnerability, consequences, and residual
risk — which inhibits effective communication with the community on these key concepts

Staffing issues as discussed in Section 6.5 which inhibit regional councils from producing
successful river management activities and community outcomes

Funding and scheme affordability issues as discussed in Section 6.6 activities which discourage
best practice river management practices, and force staff to ‘make do’ by cutting expenditure
elsewhere

The rate of change in current policies and procedures which are not keeping up with changing
community expectations, the implications of wider stakeholder groups, and how
environmental, social and cultural values manifest themselves in river management activities

Land use change (increased urbanisation) may lead to increased consequences of
infrastructure asset failure during an event or of larger-than-design events

Climate change which may result in:
- More frequent high intensity rainfall events
- Higher peak river flows during large rainfall events

- Increased erosion and sediment discharge into watercourses leading to changes in river
geomorphology

- Increased instances of flood flows transitioning to debris flow (as at Matata, Bay of
Plenty, 2005)

- Increased likelihood of existing infrastructure not meeting agreed levels of service

- More frequent drought periods, and lower low flows in river channels leading to
changes in river geomorphology as low flow channels are infilled by sediment
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- Increased likelihood of existing infrastructure assets not meeting agreed levels of
service if low flow channels infilled or river course changed

- Sea level rise, causing an increase in water levels during flood events in tidally affected
areas; and an increased likelihood of existing infrastructure assets not meeting agreed
levels of service

° Active river geomorphology may require an increased width of river management corridors
that will likely encroach on what is currently private land, and a change in river management
philosophy, including type and location of river controls

° Biosecurity incursions —for example, the willow sawfly in 1999 and giant willow aphid
identified in 2013 resulted in destruction of some river management structures leading to in
increased risk of river alignment changes during more routine flood events

. Peat settlement, which can cause existing infrastructure assets to become redundant when
ground levels shrink, and a lowering of the level of service provided by the asset

7.3 Responding to challenges — mitigation or adaptation

Understanding the implications of each of the above shocks and stressors is a significant gap in the
current New Zealand river management body of knowledge. Closing this gap and development of
appropriate response strategies will be important for river managers and is a large piece of work in
its own right.

Once implications of shocks and stressors are well
understood a response strategy can be developed.
Response strategies are either one of mitigation —
finding ways to reduce the impact — or adaptation — the
process of preparing for and adjusting to new
conditions to minimise disruption and take advantage
of opportunities that these new conditions provide.

Redundancy

In developing these strategies, regional councils would
benefit from a coordinated approach that is flexible
enough to accommodate the diverse scale, range, and
criticality of river control, flood protection and land
drainage schemes. These strategies can include
controls from one of more of the types listed in

Figure 7.2.

Figure 7.2: Control types to increase
resilience of response strategies

Response strategy — adaptation to climate change

An example of an adaptation response to climate change is Greater Wellington Regional Council’s policy
decision to make allowances for sea level rise and an increased flow in its rivers over a 100 year planning
horizon when infrastructure assets are designed or a design review is undertaken.

This response required leadership and governance by policy makers, and accounts for uncertainty through
robust design assumption. This response is a good start to building resilient infrastructure, and could be
further improved by creating design features to manage uncertainty, and improving the ability of a
community to recover after a catastrophic flood event.
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8 Delivery of infrastructure in New Zealand

In recent years a considerable amount of work has been done by central government agencies and
some sector organisations to improve the delivery of infrastructure services in New Zealand. This has
involved work by the Department of Internal Affairs, the National Infrastructure Unit (NIU) of
Treasury, the Office of the Auditor General and Local Government NZ. This section presents a broad
review of the work that these agencies have carried out.

8.1 Department of Internal Affairs

The Department of Internal Affairs (DIA) is responsible for implementation of the Better Local
Government programme announced by Government in 2012. This broad improvement programme
included improvement in infrastructure delivery and asset management practices in local
government. Among other things, the local government improvement programme:

. Placed greater emphasis on quality asset management planning

. Instituted mandatory timeframes for a review on the cost effectiveness of infrastructure
service delivery

. Directed the development of thirty-year infrastructure strategies

. Introduced an expectation that councils should actively seek to collaborate and cooperate to

improve effectiveness and efficiency

8.2 National Infrastructure Unit of Treasury

Central to much of the work to improve delivery of infrastructure services is the development of the
Thirty Year New Zealand Infrastructure Plan by the NIU, which comprised a critical assessment of
New Zealand infrastructural needs, including the provision of water, wastewater, and stormwater
services and infrastructure. Within this context the management of flooding is recognised fleetingly
in the context of urban stormwater, and there is no comment on the provision of flood control and
land drainage infrastructure or services in NZ.

Despite this, several themes have emerged from NIU that are common to the provision of river
management infrastructure. These have been recognised in this assessment and the most notable
among them include:

. Networks continue to operate without widespread service failures, but concerns about aging
infrastructure and asset deterioration are increasing

. Larger authorities with capacity and capability generally better manage their infrastructure,
while small provincial councils with static or declining populations and ratings bases face
potentially significant servicing issues

) There is no national data framework, standards or benchmarks to understand how
infrastructure is being managed nationally

. Councils have generally poor information regarding the condition of their infrastructure assets

. In general, three waters infrastructure is generally less well managed than other council assets

(such as roads)

The NIU identified key challenges facing the infrastructure sector as:

. Aging infrastructure, and the corresponding need to invest in renewals and replacement

. Infrastructure affordability in the face of demographic changes
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. The role of technology in the provision of infrastructure services
. Climate change, and how this may affect infrastructure assets
8.3 Office of the Auditor General

In response to the development of Long Term Plans by local authorities as required under the Local
Government Act, the Office of the Auditor General (OAG) summarised the issues and matters arising
from its review of councils’ 2015-25 Long Term Plans.

The OAG found that although councils were planning to look after their major assets, there has been
a recent shift towards meeting additional demand, renewals and replacement of assets at the
expense of improving the level of service.

The OAG identified a close match between depreciation and renewal and replacement expenditure
for road and footpath assets, and found that replacement and renewal expenditure of water,
wastewater and stormwater assets is well below the level of depreciation. Depreciation on flood
protection assets is significantly lower than other assets, which the OAG considers is a result of flood
protection expenditure being on land that is not depreciating.

The OAG was unable to draw conclusions about whether the level of infrastructure funding will be
sufficient, or that depreciation has been adequately addressed. The generally low level of planned
expenditure across the three water assets could indicate a similarly low level of expenditure on flood
control and drainage assets. The OAG also noted a decrease in spending to improve levels of service
and a corresponding increase in spending on renewal and replacing existing assets.

The OAG noted that almost half of the local authorities identified the need to collect better
information about their assets, and a smaller number were actually putting in place programmes to
capture better data. While most councils had reasonable information regarding their aboveground
assets, they understood less about the condition of underground assets. Additionally, there was little
discussion on the risks and implications associated with a lack of reliable asset information.

Finally, the OAG reported that many councils did not adequately address financial sustainability and
affordability of expenditure throughout the full life-cycle of infrastructure assets.
8.4 Response by Local Government New Zealand

In response to these concerns, Local Government New Zealand (LGNZ) has put in place a programme
to improve New Zealand’s water, wastewater and stormwater sector. LGNZ acknowledges the
challenges associated with increased levels of infrastructure reliability, quality, and resilience while
maintaining its affordability.

As part of this programme, LGNZ identified the priority outcomes for the three waters sector as:

. Performance transparency and performance improvement over time
. High quality asset information which improves asset management practices
. Resolving competing interests during decision making processes

Additionally, LGNZ recognised the characteristics of a strong sector performance as:

. Understanding customer needs and expectations

. Effectively managing and investing in physical assets

. Effectively recovering costs

. Promoting efficient use

. Continuing to learn and grow
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To achieve these outcomes LGNZ considered three ways to effect change. These include minor
modifications to existing practices, a strong, sector-led approach, and economic regulation. LGNZ
identified the preferred way forward as a strong, sector-led approach.

8.5 Comparison with river management sector

Our assessment of New Zealand’s flood protection, river control and land drainage activities
managed by regional councils has identified many of the same issues raised by several government
agencies in relation to infrastructure delivered by district councils, unitary authorities and utility
providers. This should not be surprising given the overall regulatory context, demographic changes
and their impact on infrastructure funding, and historic infrastructure investment patterns.

However, there is a real concern that given the relatively small size of the river management sector,
the needs of river managers could be overlooked through any programme of reform. We believe
there is a real need for the river management sector to speak as a united voice to communicate the
challenges and opportunities, and ensure the sector is identified as a key stakeholder and recognised
as an expert advisor in any reform process.
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9 Conclusions and recommendations

This national assessment of river control, flood protection and land drainage schemes was carried
out at a high level across the river management sector of New Zealand’s regional councils. Overall
we have found that NZ’s flood protection, river control and land drainage schemes deliver significant
benefits and effective, widespread communication of these benefits should be a priority. Our
conclusions are outlined below, followed by recommendations for areas and actions that will
address specific challenges and opportunities in the river management sector.

9.1 State of the schemes

Approximately 364 river control, flood protection, and land drainage schemes for which regional
councils are responsible were included in this assessment. These ‘schemes’ directly protect some
1.5 million hectares of land (about 5.5% of New Zealand’s land mass), including highly productive
primary production land and both small and large urban centres. The ‘schemes’ also protect or
otherwise provide a benefit to non-rateable land (Crown estate) and nationally significant
infrastructure including roading and rail networks, and energy and telecommunication links. Funding
for the schemes is generally provided through targeted rates on rateable land that either directly or
indirectly benefits from the schemes.

9.2 Economic value of the schemes

The schemes included in this assessment provide an estimated Net Present Benefit of $198 billion
(SNZD at 2016). This Net Present Benefit includes the wider social and economic benefits of the
schemes by way of applying a factor to the calculated direct economic benefit. Costs for the schemes
if they were constructed today are given by the sum of the regional councils’ published
infrastructure asset replacement values and capitalised annual operational expenditure, and provide
an estimated Net Present Cost of $3.6 billion (SNZD at 2016). Thus the average Benefit Cost Ratio
(BCR) of the schemes to New Zealand is approximately 55:1.

Costs and benefits will obviously vary from scheme to scheme and a more detailed analysis of
individual schemes or their elements may find that some are uneconomic. Further work is required
to include cultural and environmental capitals of the schemes into a broader cost benefit analysis.
One of the most compelling findings of this assessment was the annual benefit of over $11 billion
provided by the schemes is nearly five times their published infrastructure replacement value.

9.3 Management of the schemes

Scheme management is informed by the state of infrastructure asset condition, criticality, and
performance. Our assessment of asset condition scores for river management infrastructure
indicates that, on the whole, regional councils appear to have adopted an appropriate level of asset
management, renewal and upgrade processes for various asset types. However, documented asset
management practices are variable between councils, and do not generally describe asset criticality
and asset performance.

9.4 Challenges facing the river management sector

Various challenges face those responsible for river management. Challenges facing the sector come
from both external and internal sources and can be classed as natural or systemic stressors and
shocks. Given the distributed nature of the asset base managed by a relatively small sector, a
coordinated response from river managers and collaboration across regional councils and with
external parties will be required to address these challenges efficiently and comprehensively in the
future.

Tonkin & Taylor Ltd April 2018
Hiding in plain sight - An overview of current practices, national benefits and future challenges of our flood Job No: 62067.v1.1
protection, river control and land drainage schemes

River Managers' Special Interest Group



42

To deal with some of the internal challenges that the sector faces, an enabling environment will
need to be created to support further standardisation across councils. A formal process or
Memorandum of Understanding should be developed to support council staff working across
organisational boundaries. This would also position the river management sector to effectively
address external challenges. Consideration should be given to how these cross-organisational
activities are collectively funded.

9.5 Recommendations

This assessment has identified a number of areas that need further work to better understand and
address issues and challenges. We recommend the river management sector work on areas that
encompass the following themes: cross sector collaboration, practices and standards, people, and
environment.

Working together across the sector

a Provide resources to river managers to enable and support a step change in professional
collaboration and development across regional council river managers and with external
organisations, so that the sector as a whole can proactively respond to the challenges
identified in this national assessment.

Communication and enabling environment

b Communicate as ‘one voice’ the state of the river management sector and the outstanding
value the schemes provide to New Zealand as identified in this assessment.

C Proactively engage as ‘one voice’ in discussions about potential changes to the regulatory
environment (for example, managing natural hazards under the RMA, development of
National Disaster Resilience Strategy, other RMA reforms, etc) so the views of the river
management sector are understood by central government.

d Develop methodologies and programmes to enable river managers to effectively engage with
stakeholders on the schemes, and their benefits, including how the schemes work and help
manage flood risk.

Quality people

e Increase the capacity and capability of the sector to deliver future-focused, successful
community outcomes, which may include formal graduate intake and professional
development programmes.

f Partner with tangata whenua to bring new skills, networks, and views into the river
management sector.

Practices, methodologies and standards

g Benchmark each regional council against key metrics including staffing levels, service levels,
funding levels, and the like.

h Prepare nationally consistent asset management methodologies, metadata standards,
targeted asset management maturity levels, funding and payment metrics, reporting
frameworks (e.g. AMPs), and level of service standards.

i Assess on a scheme by scheme basis asset criticality and performance against asset condition,
to better understand how well infrastructure assets are being managed including how river
structures integrate with flood protection schemes, and identify where key vulnerabilities lie.

j Compile a technical body of knowledge to establish best practice, and identify knowledge gaps
or uncertainties, and research needs (e.g. water quality, risk communication, climate change,
river geomorphology).
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k Carry out an assessment of cultural and environmental values of the schemes and take them
into account when assessing the schemes’ benefits and costs.

| Develop a river management resilience framework and supporting decision making tools to
enable regional councils to better inform and position communities so they respond to shocks
and stressors with minimum disruption, and to formally include environmental, social, cultural
and economic values into projects.

m Understand the financial viability of the schemes and common funding issues (asset
revaluation, depreciation and renewal expenditure, borrowing, etc) on a national scale and
their implications on future affordability of the schemes, and what the impacts of removing
protection or decreasing a level of protection may be.

n Investigate alternative funding rationales and strategies, for example, to avoid a higher

proportion of scheme costs sitting with fewer ratepayers and to recognise the wider benefits
of the schemes.
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10 Applicability

This report has been prepared for the exclusive use of our client River Managers' Special Interest
Group, with respect to the particular brief given to us and it may not be relied upon in other
contexts or for any other purpose, or by any person other than our client, without our prior written

agreement.

Tonkin & Taylor Ltd

Report prepared by: Authorised for Tonkin & Taylor Ltd by:
Casey Giberson Peter Cochrane
Project Manager Project Director
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Appendix A: Regional Scheme Information

° Regional asset replacement costs by asset group

° Regional asset condition by asset group

° Regional total benefit areas by benefit type, and combined total area

° Regional total protected rateable capital value by benefit type, and combined total

. Regional opex budgets
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Table: Replacement value of asset types by council

Council

Canterbury
Manawatu
Waikato
Wellington
Bay of Plenty

Hawkes Bay

West Coast
Southland
Tasman DC
Otago
Northland
Taranaki
Gisborne
Grand Total

Stop banks

$278,923,657
$113,042,895
$205,908,535
$122,675,537
$194,726,033

$57,388,072

$20,518,239
$43,163,609
$10,217,014
$15,312,000
$9,874,598
$3,925,050
$29,766,984
$1,105,442,223

Table: Asset condition ranges by asset group

Council
Canterbury

Manawatu

Waikato

Wellington
Bay of Plenty

Hawkes Bay

West Coast
Southland
Tasman DC
Otago
Northland
Taranaki
Gisborne

Condition Stopbanks
Good

Good but some don't meet
Horizon's dimension
specifications

Good-fair

Good-average
Excellent
Good-average with some
excellent
Good-average
Good

N/A

Good

Good

Good

No information

Dams

$9,671,684
$4,114,093
$3,182,601

$4,064,781

$9,621,882

$6,557,625

$37,212,666

Condition Floodgates
Good

Good

Good-fair with some excellent

Good-average
Excellent
Good-average with some
excellent
Good

Good

N/A

Good
Good-excellent
Good

No information

River structures &
surrounding
structures

$371,248,236
$185,942,357
$37,358,139
$124,883,114
$21,183,621

$43,580,101

$33,047,105
$3,954,210
$32,554,963
$13,036,000
$428,947

$16,689,619

Flood gates

$7,226,900
$12,977,898
$26,239,557
$10,330,872
$4,217,467

Included in river
structures

$185,581
$1,057,418
$3,656,606

$19,000
$1,421,867

Drains

$26,071,755
$11,809,258

$1,748,104

$34,795,564

$1,545,378

$2,490,000

$14,771,868

$883,906,413

Condition Drains
Good

Good

N/A

Good-average
N/A

N/A

Good
N/A
N/A
Good
Good
N/A
No information

$67,333,165

Condition Dam
N/A

Good

Good-fair

Good-average
N/A

N/A

N/A

Good

N/A

N/A

Excellent

N/A

No information

$93,231,927

Condition of Pump Station
N/A

Good

Good-fair with some poor

N/A

No information
Good-average with some
excellent
Good

N/A

No information
Good

N/A

Good

No information

Pump stations

$9,323,395
$47,061,214

Tidal erosion protection and
structures

$13,006,775 Included with river groynes

$69,391,384

Condition River Structures
Good

Good with some average

Good-fair

Good-poor
Excellent

Good-average

Good

Good

N/A

No information
Excellent

No information
No information

$3,670,231

$3,670,231

Condition Coastal structures
N/A

N/A

N/A

Good
Excellent

Good-average

Good

Good

N/A

No information
N/A

No information
No information

TOTAL ASSET VALUE

$683,470,548
$342,767,486
$320,681,538
$262,820,228
$220,127,121

$152,835,293

$58,966,534
$56,739,701
$43,829,395
$30,838,000
$20,517,776
$3,944,050
$62,650,337
$2,260,188,008






Table: Area of rateable land receiving each type of benefit (multiple benefit not double counted in total)

Council

Canterbury
Manawatu
Waikato
Wellington
Bay of Plenty

Hawkes Bay
West Coast
Southland
Tasman DC
Otago
Northland
Taranaki
Gisborne
Grand Total

Flood Area (Ha)

252,772
58,522
197,904
76,659
31,187

57,056
47,314
57,903
4,922
33,688
8,909
156
7,952

834,944

Drainage Area

59,372
56,792
200,834
6,914
43,209

32,790
1907.933885
62,901

28987.89724
5457.893029

45,963
545,128

48,965
47,112
43,151

29,989
42,042
66,093
20,614
20,331
1,104
156

319,557

River Management Area Tidal Area

16,360

16,360

Table: Capital value of rateable land receiving each type of benefit (multiple benefit not double counted in total)

Council
Canterbury

Manawatu

Waikato
Wellington
Bay of Plenty

Hawkes Bay
West Coast
Southland
Tasman DC
Otago
Northland
Taranaki
Gisborne
Grand Total

Flood CV

$92,117,897,443

$21,348,006,898

$10,947,337,410
$12,859,154,551
$4,194,110,972

$18,950,570,109
$1,366,713,912
$2,581,229,504
$1,430,733,661
$10,302,073,156
$911,566,113
$239,456,163
$785,513,485
$178,034,363,379

Drainage CV

$4,872,626,678

$2,827,208,051

$14,847,392,427
$193,811,052
$2,613,341,778

$18,199,541,111
$41,646,617
$1,678,071,118

$1,562,577,629
$185,178,412

$5,344,567,327
$52,365,962,200

$1,507,987,123

$1,771,452,604

$2,148,707,206

$18,227,580,628
$1,365,060,055
$1,214,075,692
$2,551,668,407
$175,163,851
$26,335,712
$239,456,163

$29,227,487,439

River Management CV  Tidal CV

$893,323,497

$893,323,497

Total Area (Ha)

333,738
128,822
332,522
77,571
51,866

57,318
48,201
169,582
20,614
64,635
8,909

156
46,549
1,340,482

Total CV

$94,900,694,209

$24,247,119,010

$22,288,051,017
$12,894,929,020
$5,136,727,022

$18,988,072,729
$1,367,695,612
$4,853,170,098
$2,551,668,407
$11,560,204,481
$911,566,113
$239,456,163
$5,394,058,373

$205,333,412,253

Table: Average total annual operating budget for flood, drainage and river management

schemes, by region

Average Annual Opex

Council (2015 dollars)

Waikato* $18,800,000
Canterbury $12,400,000
Wellington $10,400,000
Bay of Plenty $7,700,000
Manawatu $7,540,000
West Coast 46,500,000
Hawkes Bay $5,480,000
Southland** $3,760,000
Otago $2,260,000
Tasman DC $1,930,000
Gisborne DC $1,910,000
Northland $676,000
Taranaki $99,900

* excludes drainage scheme budgets
**2014 dollars

Source notes

10 year budgets with general categories
10 year budgets with general categories
10 year budgets with general categories
10 year budgets with detailed categories
10 year budgets with detailed categories

10 year budgets with general categories

10 year budgets with general categories
2 year budgets with detailed categories
8 year budgets with general categories
1 year budget with general categories

1 year budget with general categories

1 year budget with general categories

1 year budget with general categories






Appendix B: Asset Management Maturity
Framework and Results

° IIMM2011 Asset Maturity Framework

° Assessment results by Council






Appendix XX: Asset management maturity scores using the IIMM maturity framework.
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Asset Management Category S S > 3 T T = S o = L L = G

1 AM Policy and Strategy 45 60 55 55 50 0 25 20 45 20 55 45 5
2 Levels of Service and Performance Management 80 95 90 90 90 45 25 60 80 40 45 80 45
3 Demand Forecasting 40 45 65 95 50 0 30 10 35 20 45 50 25
4 Asset Register Data 65 75 90 80 80 21 40 60 75 40 60 80 40
5 Asset Condition Assessment 60 60 85 100 60 40 45 40 55 40 40 65 25
6 Risk Management 60 45 45 100 95 10 20 25 60 40 65 85 10
7 Decision Making 60 55 60 40 60 35 40 35 45 25 60 60 25
8 Operational Planning and Reporting 45 80 50 95 65 35 40 45 40 35 60 80 40
9 Maintenance Planning 45 50 55 70 65 35 50 40 45 45 45 65 35
10 Capital Investment Strategies 45 30 75 80 75 25 25 40 40 20 65 50 25
11 Financial and Funding Strategies 80 70 50 80 65 25 50 40 40 25 60 70 25
12 Asset Management Teams 60 60 85 90 60 34 60 55 70 30 70 55 25
13 AM Plans 60 40 75 80 75 25 55 40 40 25 60 80 35
14 Information Systems 60 60 55 80 55 36 55 60 80 40 65 70 25
15 Service Delivery Models 40 40 40 80 40 31 52 25 40 25 65 45 15
16 Quality Management 65 55 75 55 50 25 40 35 35 25 70 40 25
17 Improvement Planning 50 35 75 60 70 19 25 55 20 0 60 75 25

Source for this data: T:\Hamilton\Projects\62067\62067.0010\WorkingMaterial\JYJC Graphs.xIsx



Questions

Why

Minimum

Maturity Levels

Intermediate

25-40

65-80

To what extent has your
organisation’s AM Policy and AM
Strategy been articulated,
approved, communicated and acted
on?

How consistent is this policy and
strategy with current government
policies?

The AM Policy supports an organisation's strategic
objectives. It articulates the principles, requirements and
responsibilities for asset management (AM). It articulates
the objectives, practices and action plans for AM
improvement, audit and review processes. The AM Policy
and Strategy may be incorporated into the AM Plan.

The Organisation is aware of the
need to develop an AM Policy, but
hasn't yet completed this work.

Corporate expectations are
expressed informally and simply,
e.g. “all departments must update
AMPs every three years”.

There are defined policy
statements for all significant
business activities. There is a clear
linkage to corporate goals. AM
Policy is supported by high level
action plans with defined
responsibilities for delivery.

Expectations of each business activity
are supported by detailed action
plans, resources, responsibilities and
timeframes. AM Policy and Strategy
is reviewed and adopted by Executive
Team each year.

AM Policy and Strategy is fully
integrated into the organisation’s
business processes and subject to
defined audit, review and updating
procedures.

How does your organisation
determine what is the appropriate
level of service for its customers and
then ensure that asset performance
is appropriate to those service
levels?

Levels of service are the cornerstone of asset
management and provide the platform for all lifecycle
decision making. Levels of service are the outputs a
customer receives from the organisation, and are
supported by performance measures. One of the first
steps in developing asset management plans or processes
is to find out what levels of service customers are
prepared to pay for, then understand asset performance
and capability to deliver those requirements.

The organisation recognises the
benefits of defining levels of service
but has yet to implement guidelines
for development of these.

Basic levels of service have been
defined and agreed, along with the
contribution of asset performance
to the organisation's objectives.

Customer Groups have been
defined and requirements
understood. Levels of service and
performance measures are in place
covering a range of service
attributes. There is annual
reporting against targets.

Customer Group needs have been
analysed and costs of delivering
alternate levels of service have been
assessed. Customers are consulted
on significant service levels and
options.

There is formal consultation over
levels of service. Customer levels of
service and technical (ie asset
performance) levels of service are an
integral part of to decision making and
business planning.

How robust is the approach your
organisation uses to forecast
demand for its services and the
possible impact on its asset
portfolios?

This AM activity involves estimating demand for the
service over the life of the AM plan or the life of the asset.
Demand is a measure of how much customers consume
the services provided by the assets. The ability to predict
demand enables an organisation to plan ahead and meet
that demand, or manage risks of not meeting demand.

The organisation recognises the
benefits of demand forecasting but
has yet to implement processes to
forecast demand.

Demand forecasts are derived by
experienced staff (rather than data
models), taking account of past
demand trends and likely future
Jgrowth patterns.

Demand Forecasts are based on
robust projections of a single
primary demand factor (e.g.
population growth) and
extrapolation of historic trends.
Risk associated with changes in
demand is broadly understood and
documented.

Demand forecasts are based on
mathematical analysis of past trends
and primary demand factors. A range
of demand scenarios is developed
(e.g.: high/medium/ low).

As for intermediate, plus there is an
assessment of risks associated with
different demand scenarios, and
mitigation actions are identified.

What sort of asset-related
information does the organisation
collect, and how does it ensure the
information has the requisite quality
(accuracy, consistency, reliability)?

Asset data is the foundation for enabling most AM
functions. Planning for asset renewal and maintenance
activities cannot proceed until organisations know exactly
what assets they own or operate and where they are
located

The organisation recognises the
benefits of capturing asset data but
has yet to implement systems to
capture the data.

Basic physical information recorded
in a spread sheet or similar (e.g.
location, size, type), but may be
based on broad assumptions or not
complete.

Sufficient information to complete
asset valuation — as above plus
replacement cost and asset age/
life. Asset hierarchy, asset
identification and asset attribute
systems documented.

A reliable register of physical and
financial attributes recorded in an
information system with data analysis
and reporting functionality.
Systematic and documented data
collection process in place. High level
of confidence in critical asset data.

Information on work history type and
cost, condition, performance, etc.
recorded at asset component level.
Systematic and fully optimised data
collection programme. Complete data-
base for critical assets; minimal
assumptions for noncritical assets.

How does the organisation measure
and manage the condition of its
assets?

Timely and complete condition information supports risk
management, lifecycle decision-making and financial /
performance reporting.

The organisation recognises the
need for monitoring asset condition
but has not developed a coherent
approach. Measures are
incomplete, predominantly reactive.
There is no linkage to asset
management objectives.

Condition assessment at asset
Igroup level (‘top-down). Supports
minimum requirements for
managing critical assets and
statutory requirements (e.g. safety).

Condition assessment programme
in place for major asset types,
prioritised based on asset risk.
Data supports asset life
assessment. Data management
standards and processes
documented. Programme for data
improvement developed.

Condition assessment programme
derived from benefit- cost analysis of
options. A good range of condition
data for all asset types (may be
sampling- based). Data management
processes fully integrated into
business processes. Data validation
process in place.

The quality and completeness of
condition information supports risk
management, lifecycle decision-
making and financial / performance
reporting. The organisation conducts
periodic reviews of the suitability of its
condition assessment programme.

How does your organisation
manage the interplay between
business risks and asset-related
risks?

] c

c o

o =]

k) ()

2 é Section
Understanding and Defining Requirements
1IMM |1 AM Policy and
2.1 Strategy
1IMM |2 Levels of Service and
2.2 Performance

Management

1IMM |3 Demand Forecasting
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1IMM |6 Risk Management
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Risk management helps identify higher risks, and identify
actions to mitigate those risks. This process reduces the
organisation's exposure to asset related risk, especially
around critical assets, and drives renewal and
rehabilitation programmes and decision making.

The organisation recognises the
benefits of risk management but has|
yet to implement processes for
development of these.

Critical assets understood by staff
involved in maintenance / renewal
decisions.

Risk framework developed. Critical
assets and high risks identified.
Documented risk management
strategies for critical assets and
high risks.

Systematic risk analysis to assist key
decision-making. Risk register
regularly monitored and reported.
Risk managed consistently across the
organisation.

A formal risk management policy in
place. Risk is quantified and risk
mitigation options evaluated. Risk is
integrated into all aspects of decision
making.
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Questions

Minimum

Maturity Levels

Core

Intermediate

25-40

45-60

65-80

Lifecycle Decision Making
1IMM |7 Decision Making How does your organisation go Decision techniques provide the best value for money The organisation recognises the AM decisions are based largely on  |JFormal decision making techniques|Formal decision making and As for Intermediate, plus the decision
3.1 about making decisions on the form an organisation's expenditure programmes. These [benefits of optimised decision staff judgement and agreed (eg using BCA) are applied to major|prioritisation techniques are applied |making framework enables projects
replacement or refurbishment of techniques reveal strategic choices, and balance the trade |making but has yet to implement corporate priorities. projects and programmes. to all operational and capital asset and programmes to be optimised
existing assets or investment in new Joff between levels of service, cost and risk. ODM is a processes. programmes within each main budget|across the whole business. Formal risk-
ones? formal process to identify and prioritise all potential asset category/business unit. Formal based sensitivity analysis is carried out.
and non-asset solutions with consideration of financial decision making techniques (eg BCA)
viability, social and environmental responsibility and are applied to major projects and
cultural outcomes. programmes. Critical assumptions and
estimates are tested for sensitivity to
results.
1IMM |8 Operational Planning |How does your organisation Effective operational strategies can mitigate risk, defer The organisation recognises the Operational responses are Emergency response plan is Emergency response plans and Operational plans are routinely
3.2 and Reporting manage the cost effective the need for asset renewals and minimise service benefits of operational planning andjunderstood by key staff, but plans Jdeveloped. Demand management Jbusiness continuity plans are analysed, tested and improved. Formal
performance of its key business downtime following asset failures. Planning for business |asset performance reporting but hasjaren't well-documented, or are is considered in major asset routinely developed and tested. debriefs occur after incidents. Asset
assets over time (e.g. in terms of continuity and full utilisation of assets are key factorsin  |yet to implement processes to mainly reactive in nature. Asset planning. Asset performance is Demand management is a component|performance is measured in real-time
utilisation, availability, fitness for ~ Jgood asset management processes. implement these. performance is measured for some |measured for critical asset groups Jof all operational decision making. and cost-effectiveness is analysed
purpose)? key assets but is not routinely and is routinely analysed. Asset performance is measured and  |across all asset groups. Operational
analysed. analysed for most asset groups. programmes are optimised using
benefit-cost and risk analysis.
1IMM |9 Maintenance How does the organisation plan and |Maintenance is "all actions necessary for retaining an The organisation recognises the Managers and operators Asset criticality considered in Contingency plans exist for all Forensic root cause analysis is
33 Planning manage its maintenance activity? Jasset as near as practicable to its original condition, but  |benefits of maintenance planning  Junderstand how asset functions response, fault tracking and maintenance activities. Asset failure Jconducted for major faults. All
excluding rehabilitation or renewal". Maintenance slows [but has yet to implement such support organisational objectives. |closure processes. There is a modes are understood. Timing and reactive and planned programmes are
deterioration: it is mechanism to ensure assets continue |processes. Processes comply with legislation strategy for prescriptive vs. frequency of major preventative optimised with respect to renewal
to deliver performance associated with the required level and regulations. Maintenance performance-based maintenance. |maintenance is optimised using planning. Different procurement
of service. records are maintained. Critical Key maintenance objectives have [benefit-cost analysis. Maintenance models have been fully explored.
A major challenge for the asset manager is striking the assets have been identified. been established, measured and |management software is being Maintenance operations represent
appropriate balance between planned maintenance reported on. applied appropriately. value for money.
(inspections and scheduled maintenance etc.) and
unplanned maintenance (arising from unexpected
failures)
1IMM |10 Capital Investment What processes and practices does [Capital investment include the upgrade, creation or The organisation recognises the There is a schedule of proposed Projects have been collated from a JAs for core, plus formal options Long -term capital investment
3.4 Strategies the organisation have in place to purchase of new assets, typically to address growth or benefits of capital planning, but has Jcapital projects and associated wide range of sources such as analysis has been completed for programmes are developed using
plan and prioritise capital changes in levels of service requirements, or for the yet to implement such processes. costs, based on staff judgement of Jbusiness unit planning processes |major projects that need to be boughtjadvanced decision techniques, such as
expenditure? periodic renewal of existing assets, to maintain service future requirements. and corporate risk processes. into service within the next 5 years.  |predictive renewal modelling. The
levels. Agencies need to plan for the long term asset Capital projects for the next three [Capital intentions reports identify all Jorganisation has a reliable and
requirements relative to future levels of service. The years are fully scoped and major capital projects for the next 10 Japproved 10 year view of its future
decision on whether to create a new asset is typically the estimated. or more years with broad estimates of|capital requirements and the strategic
time when there is the most opportunity to impact on the the costs and benefits of those choices available to meet changing
potential cost and level of service. Cabinet expects all projects or programmes. fiscal or level of service requirements.
capital-intensive agencies to disclose 10 year capital
intentions and make appropriate use of the better
business cases methodology for programmes and
individual investment proposals.
1IMM 11 Financial and Funding |How does your organisation plan for|Poor financial management can lead to higher long run The organisation recognises the Financial forecasts are based on Ten year+ financial forecasts based |Ten year+ financial forecasts are The organisation publishes reliable ten
3.5 Strategies the funding of its future capital life cycle costs, inequitable fees and charges, and financial|benefits of developing medium to  Jextrapolation of past trends and on current AMP outputs. The based on current and comprehensive |year+ financial forecasts based on
expenditure and asset-related "shocks". Good collaboration between financial and asset}long term financial and funding broad assumptions about the quality of forecasts meets NZ IFRS JAMP's with detailed supporting comprehensive, advanced AMPs with
costs? managers is important, especially in relation to long term |strategies, but does yet have any in [future. Assets are re-valued in requirements. Significant assumptions / reliability factors. detailed underlying assumptions and
financial forecasts and asset revaluations. Asset valuation |place. The organisational focusis Jaccordance with NZ International assumptions are specific and well JAsset expenditure information is high confidence in accuracy.
is required by International Accounting Standards, and on the operating statement rather JAccounting Standards (NZ IFRS). reasoned. Expenditure captured at}linked with asset performance Advanced financial modelling provides
can be used in lifecycle decision making. Robust financial |than the balance sheet. a level useful for AM analysis. information. sensitivity analysis, evidence-based
budgets are a key output of any asset management whole of life costs and cost analysis for
planning process. level of service options.
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Asset Management Enablers

Questions

Minimum

Maturity Levels

Core

Intermediate

25-40

45-60

65-80

11IMM
4.1

12

Asset Management
Teams

What is the level of organisational
commitment to asset management?

How is this reflected in existing
organisation structure,
responsibilities and resourcing of
AM competencies?

Effective asset management requires a committed and co-|
ordinated effort across all sections of an organisation.

The organisation recognises the
benefits of an asset management
function within the organisation,
but has yet to implement a
structure to support it.

Asset Management functions are
performed by a small number of
people with AM experience.

An organisation-wide Steering
Group or Committee coordinates
all capital asset management
activity. There is relevant training
for key AM staff. The Executive
Team have considered options for
AM functions and structures.

All staff in the organisation
understand their role in relation to
AM, it is defined in their job
descriptions, and they receive training
aligned to their roles. A person on
the Executive Team has responsibility
for delivering the AM policy and
strategy.

There is strong leadership of the AM
functions across the organisation.
There is a formal AM capability
management programme. The cost
effectiveness of the AM structure has
been formally reviewed.

11IMM
4.2

13

AM Plans

How does your organisation
develop, communicate, resource
and action its asset management
plans?

An asset management plan is a written representation of
intended capital and operational programmes for it's new
and existing infrastructure, based on the organisations
understanding of demand, customer requirements and
it's own network of assets.

The organisation recognises the
benefits of asset management
plan(s), but has not yet developed
any.

The AM Plan contains basic
information on assets, service levels,
planned works and financial
forecasts up to 5 years, and future
AM improvement actions.

As for minimum plus a description
of services and key / critical assets,
future demand forecasts,
description of supporting AM
processes, 10 year financial
forecasts, 3 year AM improvement
plan.

As for core, plus analysis of asset
condition and performance trends
(past / future), effective customer
engagement in setting LoS, ODM / risk
techniques applied to major
programmes.

As for intermediate plus evidence of
programmes driven by comprehensive
ODM techniques, risk management
programmes and level of service / cost
trade-off analysis. Improvement
programmes are largely complete.
There is a focus on maintaining
appropriate practices.

11IMM
4.3

14

Information Systems

How does your organisation meet
the information needs of those
responsible for various aspects of
asset management?

AM systems have become an essential tool for the
management of assets in order to effectively deal with
the extent of analysis required.

The organisation recognises the
benefits of using an asset
management system, but does not
have one in place.

Asset register records core asset
attributes - size, location, age, etc.
Asset information reports can be
manually generated for AMP input.

Asset register enables hierarchal
reporting (from component level
to whole-of-facility level). There
are systems for tracking customer
service requests and for planning
maintenance activity. System
enables manual reports to be
generated for valuation, renewal
forecasting.

More automated asset performance
reporting on a wider range of
information. Key operations,
unplanned maintenance and
condition information held.

Financial, asset and customer service
systems are integrated and enable
advanced AM functions. There is
optimised forecasting of renewal
expenditure.

IIMM
4.4

15

Service Delivery
Models

How does your organisation procure
asset-related services like
maintenance and consumables for
different classes of assets?

How does the organisation exercise
control over any outsourced asset
management services?

The effectiveness of asset management planning is
proven in the efficient and effective delivery of services at
an operational level.

The organisation recognises the
benefits of defining services delivery
mechanisms and functions, but has
yet to define these.

Service delivery roles are clear.
Allocation of roles (internal and
external) generally follows past
procurement preferences.

Core functions defined. Contracts
in place for external service
providers. Tendering / contracting
policy in place. Competitive
tendering practices applied.

As for core, plus internal service level
agreements in place with internal
service providers. Contracting
approaches have been reviewed to
identify best value delivery
mechanism.

All potential service delivery
mechanisms have been reviewed and
formal analysis carried out. Risks,
benefits and costs of various
outsourcing options have been
considered and the best value
arrangement has been or is being
implemented.

IIMM
4.5

16

Quality Management

How does your organisation ensure
that it’s asset management
processes and practices are
appropriate and effective?

When AM processes are part of a Quality Management
system the organisation is able to operate consistent and
reliable processes,, provide evidence that what was
planned was delivered, and ensure that knowledge is
shared. In short, that processes are appropriate and
consistently applied and understood.

The organisation recognises the
benefits of quality assurance
processes, but has yet to implement
processes for these.

Simple process documentation in
place for service-critical activities.

There is a clear quality policy and
basic quality management system.
All critical AM activity processes
are documented.

Process documentation has been
implemented in accordance with the
Quality Management System plan. All
processes documented to appropriate
level detail.

Quality certification has been
achieved. Surveillance audits
demonstrate the quality management
system is operating satisfactorily.

11IMM
4.6

17

Improvement
Planning

How does your organisation ensure

that it continues to develop its asset
management capability towards an

appropriate level of maturity?

Well performing agencies give careful consideration of
the value that can be obtained from improving AM
information, processes, systems and capability. The focus
is on ensuring AM practices are "appropriate" to the
business objectives and government requirements.

The organisation recognises the
benefits of improving asset
management processes and
practises, but has yet to develop an
improvement plan.

Improvement actions have been
identified and allocated to
appropriate staff.

Current and future AM
performance has been assessed
and improvement actions
identified to close the gaps.
Improvement plans identify
objectives, timeframes,
deliverables, resource
requirements and responsibilities.

There is formal monitoring and
reporting on the improvement
programme to the Executive Team.
Project briefs have been developed
for all key improvement actions.
Resources have been allocated to the
improvement actions.

There is evidence that agreed
improvement plans have delivered the
expected business benefits.




Appendix C:  River Manager Survey

° Survey Questionnaire

° Survey Results






River managers questionnaire in PEEPOE framework

This questionnaire seeks to understand the factors that are helping or hindering your RC from delivering a high performing land drainage, river control, and flood protection service with the following objectives:

Questions

Minimum

Intermediate

- Water drains quickly
- Farms stay productive

- Design floods are prevented

- Over-design is managed
- Businesses stay open
- Roads stay open
- People stay safe.

People

How well do your people enable delivery of
a high performing flood protection, river
control and land drainage service?

Rate your staffing levels in the following areas

-Engineering
-Planning
-Operations
-Management

Majority of our staff are
graduates / inexperienced

Some of the staff have good
experience however there are
still some skill sets missing in
the team.

We have specialised staff in
these areas who have been
doing this work for at least 10
years.

How much do you rely on consultants to deliver your
services?

-Engineering
-Planning
-Operations
-Management

Majority of our staff are
consultants seconded for their
services.

We rely on consultants for
some of our core services.

We use consultants
occasionally for specialised
projects.

How would you rate staff retention?

Most staff have been here less
than four years

We have a mix of long serving
and new staff

Majority of our staff have a 10
year celebration under their
belt.

Is it easy to find suitable candidates for your
vacancies?

We struggle to find suitable
applicants, positions may be
open for more than 6 months.

We can usually find a suitable
person in the first round of
applicants

We have people coming in
enquiring about vacant
positions in the organisation.

My staff know and understand our assets.

Staff have only a rudimentary
understanding of the assets
relating to their role.

Most of the team have a good
understanding of assets but
some are still learning.

Everyone has a good working
knowledge of the scheme
assets relevant to their role

How much institutional knowledge does your staff
retain?

When key staff leave, we have
to rebuild their knowledge
from scratch

More than one person are
familiar with most of the our
procedures or schedules for
most of our responsbilities.

When someone leaves it is a
smooth transition for the new
person.

How well does your council plan for succession of
staff?

We'll cross that bridge when
we get there

We have a template in place
for staff to drive their own
development.

We have procedures and team
in place to look at staff
development.

Describe the level of training and development
provided to staff.

Staff only have access to
essential training (eg H&S)

Staff typically attend a
conference or course each year
for professional development.

We help staff prepare
professional development
plans and support them to

achieve these.

What needed skill sets does your council lack? (free
form)




River managers questionnaire in PEEPOE framework

Environment

Does the physical environment in which
you work make it easy to deliver a high
performing service?

Questions
The river and floodplain environment we work in
makes it difficult to deliver:

-Land drainage

-River control

-Flood protection

Please explain the nature of your rivers and the
reasons for your score - free text.

The rivers are unpredictable
(big, braided, high energy).
Extensive flood prone areas are
adjacent.

Minimum

Intermediate

Either rivers are predictable or
surrounding lands allow natural
protection for low lying towns.

Our rivers are quite consistent
and predictable. Low lying
towns are protected by
surrounding hills.

Our relationships with landowners make it difficult to
deliver:

-Land drainage
-River control
-Flood protection

We inform them of our work
proposal in the mail.
Relationship is poor when we
try to dialogue.

We consult with the
community and achieve
reasonable engagement.

We have a strong working
relationship with the
community, working together
on important decisions.

We understand and document risks associated with
our assets

Staff understand the risk
associated with assets however
there are no documentation in

place yet.

We have risk descriptions for
the assets we own.

We have a risk framework
(quantify our risk) developed
for our assets.

We understand the residual risks associated with our
schemes

We have not considered
residual risks associated with
our schemes.

We understand the residual
risks however this has not been
quantified.

We have quantified all major
risks for our schemes.

The residual risks of our schemes are appropriate for
their context

We have not considered
residual risks associated with
our schemes.

We have identified
inappropriate risks and have a
plan to address them.

We have assessed our residual
risks and any unacceptable
risks have been addressed.

We understand and document consequences of our
assets failing

We have not considered the
consequences of our assets
failing

Partial documentation. Some
people have good
understanding of failure
consequences for each
scheme.

We have fully documented the
consequences of asset failure
at a level appropriate to each

scheme.

We clearly communicate risks and failure
consequences to our community

We display flood risks on our
website. Open to any
interested users.

We send pamphlets to the
community to inform them of
risks and flood consequences.

The community understands
the risks and what the plan is if
there is a major asset failure.

Urbanisation of areas protected by our assets is
adequately managed

There is little management of
development on the floodplain
with respect to the scheme

Some planning or management
is in place for growth, but
issues are not full addressed

Coordinated planning in place
for current growth with
forecasts and budgets to
address future growth.

Free form to identify schemes where urbanisation is a
problem

Free form to identify which schemes protect NZTA or
other central government assets (e.g. schools)

Free form to identify schemes that protect other
regional or national significant infrastructure




River managers questionnaire in PEEPOE framework

Equipment

Do you have adequate equipment/tools to
deliver a high performing service?

Questions

Our network of rain and river gauges enables us to

-Monitor and manage flood events
-update hydraulic models

We have engineers that go out
in the field after the storm
event to measure the flood

levels.

Minimum

Intermediate

We have flood models in place,
and inspections after flood
events to verify them.

We have systems in place that
monitor flood levels during
flood event.

We have adequate tools to monitor flood events in
real time

We rely on staff in the field for
information

Sufficient gauges in place. If
there are models, some key
calibration points are available.

All critical scheme are
monitored. Models can
forecast levels on larger

schemes based on gauge info.

We have accurate models of our schemes

-Land drainage
-River control
-Flood protection

We rely on historic events to
estimate scheme performance

Most of our schemes have
been modelled but some of
these are getting a bit old.

Most schemes have mature
models with improvement
iterations and we have
confidence in the results.

We know what level of protection (e.g. 1% AEP flood)
is actually provided for:

-Land drainage
-River control
-Flood protection

We are satisfied if none of the
protections have failed (i.e. LoS
based on historic/initial).

Currently completing survey
and modelling. Current LoS is
still based on historic/initial.

Current level of protection
determined and modelled from
survey undertaken and
reviewed x-yearly.

We understand historic flood levels in the context of
the level of protection currently provided

We describe the level of
protection provided in terms of
historic events

We have assessed the return
period of historic events in
terms of current ARI

We describe return period for
historic events (current
weather), and the current
scheme LoS.

We have appropriate knowledge of the following:

-Functionality of M & E equipment
-LiDAR coverage

-Channel or river cross section surveys
-flood hazard maps

-field communications

- telemetering

-information management systems

We do not have this data, even
though it is appropriate to
deliver our services.

We mostly have this data,
although some of it is out of
date.

We have the data we need, it is
up to date, and we have
forward budget to keep it so.

We have up to date hydraulic models and software to
run them.

We don't have models in place.

We have models and software
in place however have not
been updated (i.e. not the

latest version)

We have a team in place which
collects, builds and collates
information for these systems
and updates them utilising
latest cross section data.




River managers questionnaire in PEEPOE framework

Procedures

Do you have adequate procedures to
enable delivery of a high performing
service?

Questions
Do you have adequate procedures to enable delivery
of a high performing service?

Our procurement processes
are a significant handbrake or
do not give good value.

Minimum

Intermediate

We can achieve the outcomes
we need but there is room for
improvement in our
procurement

Our procurement processes
are streamlined and encourage
best value.

We have adopted Flood Protection Assets
Performance Assessment Code of Practice, March
2015, in development of our procedures.

We have not adopted the Code
of Practice.

We have adopted the Code of
Practice for some schemes, and
looking to do so for other
schemes.

We have adopted the Code of
Practice for all of our schemes.

We have other written procedures on:

- Asset condition monitoring
- Flood warning
- Data collection to enable better analyses
- Demand forecasting
- climate change
- land use
- other future planning

Staff understand how we do
things but procedures
generally aren't written down.

We mostly have written
procedures in place but there is
no review/update process.

We have a policy in place for
these procedures and we
review them in on a regular
basis.

Channel capacity monitoring or river cross section
surveys

- Updating river design flows and/or levels of
protection

- Sediment management

- Stopbank condition and alignment

Generally, we do not monitor
this on our schemes

We have this information for
most of our schemes but it is
mixed quality

We have a procedure in place
for field surveys at appropriate
frequencies.

Our annual and long term planning rounds are
effective in establishing a framework for our
operations.

AM recognised in annual and
long term planning but does
not affect AM operations.

AM planning is crucial for
decisions made in the long
term planning.

AM planning is crucial for
decisions made in both annual
and long term planning.

There are good linkages between asset management
planning objectives and financial provisions included
within LTPs and Annual Plans.

There is no realistic way that
we can fund our planned
objectives.

We can fund our planned
objectives but often we
sacrifice or delay some due to
funding restrictions.

We are able to reliably fund
and complete our planned
objectives.

We are proactive in programming and executing our
annual maintenance programme.

Our annual maintenace spend
is largely reactionary, and
priorities change throughout a
given year.

Most of our work carried out to
a programme, but some gets
deferred for emergency works.

All works delivered to a
programme and emergency
works doesn't affect our
programme.

We have procedures to update our knowledge of

- changes in hydrology
- changes in river shape/alignment
- changes in design flows

We made assumptions which
means there are no changes
for the next 10 years.

We review and update
information regularly.

We review and update
information, including making
future improvements and
timing.

We have procedures to assess and review the
economic and community impact of our services

No procedures in place for
assessment but we are aware
of the impacts of our services.

We have written procedures in
place, however there haven't
been any updates/reviews
recently.

We review and update
procedures every x years.




River managers questionnaire in PEEPOE framework

Organisation

Does your organisation make it easy to
deliver a high performing service?

Questions

How enabling is your regional plan to your operations?

The regional plan creates
inappropriate constraints on
our schemes

Minimum

Intermediate

The regional plan doesn't have
much impact on the scheme.

The regional plan supports the
operation and goals of the
scheme

How well is land use planning informed by
department's knowledge of flood related hazards?

Land use planning largely
happens in isolation of
departmental knowledge

All planning staff understand
and make some major
decisions.

We work closely with the land
use planners to incorporate
our knowledge of flood hazards

How well do your global consents enable your
operations?

We generally don't have global
consents

Our global consents generally
work for us

Our global consents work really
well

How well do Codes of Practice enable your operations?

We don't have Codes of
Practice for the operations we
have.

We have Codes of Practice for
all the operations and we
implement some of them for
the operations.

We have Codes of Practice for
all the operations and we
implement them for all the
operations.

How well does your organisation deliver

- operational programme
- capital improvement works
-AMP improvement tasks

We are always behind, and
core services remain
undelivered.

We are consistently able to
deliver our core services

We deliver all of our services
and are able to tackle 'nice to
have' items

Our communities understand:

-what we do

-what level of protection they receive

-Free form to list challenges and strengths in
consulting with our communities

The community has a poor
level of understanding

We have achieved good
consultation in the past on key
topics.

We have an ongoing
programme to maintain
awareness that acheives good
results

How well do the following groups know and
understand your operations:

-council staff not in your department

- upper management in your department
- managers outside your department

- CE level

This group doesn't know or
haven't heard of our
operations.

This group understands the
general gist of our major
operations.

This group is part of the
decision making for our
operations.

What regular reporting procedures do you undertake
to your elected representatives?

We report through standard
budget review processes.

We report against budgets and
mandatory measures, and
provide some narrative to

current issues.

Dashboard system of
mandatory measures and
management priorities. Covers
issues and risks.

How well do the following groups support your
operations:

-council staff not in your department

- upper management in your department
- managers outside your department

- CE level

- elected councillors

This group doesn't have any
connections to our operations.

This group provides support
when we request it.

This group provides support on
an ongoing basis.




River managers questionnaire in PEEPOE framework

Questions
How well do the following groups enable retention of
institutional knowledge

- council staff in your department
-council staff not in your department

- upper management in your department
- managers outside your department

- CE level

- elected councillors

Often difficult to find someone
in the team who knows their
stuff

It's usually not a problem to
find someone who can give
good advice on an issue

Solid understanding of the
context and issues for relevant
topics, backed up by
supporting docs.

How well does your organisation understand its
maximum probable loss from natural hazards?

We only worry about likely
damage, not the maximum
probable loss.

We have considered maximum
probable loss for some of our
largest schemes.

We have a risk framework in
place that considers this.

How does your organisation determine asset valuation
for insurance purposes?

Book value (depreciated)

Estimated replacement cost

Estimated replacement cost,
plus allowance for cost of
repairs following failure or

partial failure.

How does your organisation financially plan for
disaster recovery (for your assets)?

We have some money set aside
in our reserves

We have a formal self
insurance and risk assessment
programme

We use LAPP or other 3rd party
insurance

Our department is adequately funded for:

-routine asset maintenance
-asset renewal/replacement
-river system changes

-disaster response and recovery

We are always behind, and
core services remain
undelivered.

We are consistently able to
deliver our core services

We deliver all of our services
and are able to tackle 'nice to
have' items




River managers questionnaire in PEEPOE framework

External

Do external factors or organisations make it
easy to deliver a high performing service?

Questions

Legal and regulatory factors make our job easy

- Local Govt Act

- RMA consenting

- Recreational

- Biodiversity

- Cultural (eg co-management)

We struggle to work with this

Minimum

Intermediate

We are generally OK but
sometimes run into challenges

We find strong alignment
between our responsibilities
and these requirements

We have strong relationships with special interest
departments/groups

-DoC
- F+G

The relationship is non-existent
/ unhelpful.

We have a contact in the team
who could help us.

Long standing relationship with
them (directly contact them).
We are comfortable working

together.

The communities of benefit we service are able to pay
for these services.

Rely heavily on some form of
subsidy. Affordable LoS are
significantly lower than
appropriate.

Financial constraints limit some
aspects of the service we
consider would be appropriate
practice.

Financial constraints do not
prevent us from providing
appropriate services and
protection

Other

Free form field to solicit feedback on any other significant issues that have the potential to impact adversely on scheme performance or maintenance.




Questions No Ans 1 2 3 4 5 Weighted average
1 Rate your staffing levels in the following areas: Engineering 3 4 6 4.2
Planning 1 4 4 4 4.0
Operations 1 5 7 4.5
Management 9 4 43
2 How much do you rely on consultants to deliver your services? Engineering 1 8 3 1 33
Planning 3 5 5 42
Operations 1 1 1 1 3 6 4.0
Management 2 1 1 9 43
3 [How would you rate staff retention? 9 2 2 3.5
4 Is it easy to find suitable candidates for your vacancies? 6 4 3 1.8
5 |My staff know and understand our assets. 1 5 4 3 37
6 How much institutional knowledge does your staff retain? 1 8 4 32
7 |How well does your council plan for succession of staff? 1 5 4 1 2 3.0
8 Describe the level of training and development provided to staff. 1 3 6 3 3.8
9 |What needed skill sets does your council lack? - River engineering technicians and professionals hard to recruit/retain. Area engineers with combined technical/practical
skillset very rare
- Modelling
- Consent Application Planning
- Roles currently filled, but potential for lack of experience to arise in the near future with important staff leaving.
- Professional engineering when | retire at the end of the year.
- Hydraulic modelling. Surveying.
- We generally have the skills We need
10 |The river and floodplain environment we work in makes it difficult to deliver: Land drainage 3 3 3 3 1 32
River control 2 5 1 4 1 2.1
Flood control 2 3 2 3 3 2.5
10a [Please explain the nature of your rivers and the reasons for your score. - Typically high energy gravel phase rivers with extensive floodplains
- We have >200 rivers and streams, we have no major rivers in the region. Due to the high number of individual watersheds
and high rainfall variability we have a 100year event every other year in one or more of the individual catchments.
- A range of rivers are managed, and degree of predictability changes according to the reach of the river where our work
occurs. We have both steep sloping high energy rivers, which reduce in energy as they reach the coast.
- Southland plains are relatively flat and the river gradients reasonable. Major towns are Gore, Mataura and Invercargill City.
- Only three large rivers in relatively stable channels many small rivers in stable channels
- Other than the Riwaka delta quite rare for townships to be regularly affected by flooding. Ungauged waterways having
short duration intense storms causing localised erosion and flooding are an issue. Land slippage and debris flows more
damaging than flooding in general.
- | am more talking about the technical information available to help make the decisions as we generally have to rely on staff
and consultant experience rather than being able to use formulas or good models for River geomorphology
11__|Our relationships with landowners make it difficult to deliver: Land drainage 2 1 5 3 2 3.5
River control 2 1 4 3 3 37
Flood control 2 3 6 2 3.9
12 |We understand and document risks associated with our assets. 2 3 3 1 4 3.5
13 |We understand the residual risks associated with our schemes. 2 5 3 3 3.8
14 _[The residual risks of our schemes are appropriate for their context. 2 2 6 2 1 32
15 |We understand and document conseqguences of our assets failing. 2 6 3 2 3.6
16 |We clearly communicate risks and failure consequences to our community. 2 1 5 2 2 1 2.7
17 _|Urbanisation of areas protected by our assets is adeguately managed. 2 1 4 4 2 3.6
18 |ldentify schemes were urbanisation is a problem. - Development on Ashburton & Kaiapoi River floodplains could be better managed

- None

- Te Ngarue Scheme - subdivision approved by TLA against HBRC advice.

- Gore, Mataura and ICC where space is critical for upgrades

- Lower Waitara River Flood control Scheme

- Riwaka - historic not new urbanisation in scheme overflow paths. Tidal banking with limited outlets causing ponding.

- Land use control is a significant issue as infill and new development continues to increase the value of assets protected by
our flood protection work




Questions No Ans | 1 | 2 | 3 | 4 | 5 Weighted average
19 |ldentify schemes that protect NZTA or other central government assets (e.g. schools). - Kaikoura, Conway, Waiau Spotswood, Waiau Town, Waiau Rotherham, Hanmer West, Lower Pahau, Kowai, Sefton-Ashley,
Ashley, Waimakariri-Eyre-Cust, Halswell, Wairewa/Little River, Te Waihora/ Lake Ellesmere, Selwyn, North Rakaia, Dry Creek,
Ashburton Rivers, Ashburton-Hinds Drainage, Upper Hinds, Lower Hinds, Rangitata, Orari-Waihi-Temuka, Opihi, Washdyke,
Taitarakihi, Saltwater Creek, Pareora, Otaio, Waihao-Wainono, Penticotico, Lower Waitaki, Omarama Stream, Twizel, Upper
Waitaki.
- Lower Taieri Flood Protection Scheme Lower Clutha Flood and Drainage Scheme Lower Waitaki River Control Scheme Leith
Flood Protection Scheme
- Waipaoa and Te Karaka schemes but minor works at various localities
- Heretaunga Plains Flood Control and Drainage Scheme Upper Tukituki Scheme Plus a number of smaller Schemes
including Kopuawhara, Paeroa, Wairoa, Esk, Whirinaki, Central and Southern Schemes
- Schemes protect most utilities in the district. Phones, power, roads energy services
- Lower Waitara River Flood control Scheme The Waitotara Scheme
- Waimea and Lower Motueka flood control schemes. Balance of schemes being for erosion protection/river control only
protect both local roads and state highways.
- All of our schemes provide protection to road, rail, and other central government assets and the DOC estate as well as utility
operator assets
20 |ldentify schemes that protect other regional or national significant infrastructure. - Seadown Drain, Lower Rakaia, Rakaia Double Hill
- Lower Taieri Flood Protection Scheme Lower Clutha Flood and Drainage Scheme Lower Waitaki River Control Scheme Leith
Flood Protection Scheme
- The same as above as they are SH2
- Same as 19
- Lower Waitara River Flood control Scheme The Waitotara Scheme The lower Waiwhakaiho Scheme
- As above.
- We have very few assets listed as regionally significant infrastructure (Centreport ) and our work does not protect this
21 |Our network of rain and river gauges enables us to: 5 1 1 3 6 42
Manage flood events
Update hydraulic
models 3 1 1 3 2 3 35
22 |We have adequate tools to monitor flood events in real time. 2 1 2 4 4 4.0
23 |We have accurate models of our schemes: Land drainage 3 2 2 2 2 2 3.0
River control 2 2 1 2 3 3 34
Flood protection 2 2 5 4 4.2
24 |We know what level of protection (e.g. 2% AEP flood) is actually provided for: Land drainage 3 1 2 1 4 2 34
River control 2 1 2 5 3 3.8
Flood protection 2 2 3 6 44
25 |We understand historic flood levels in the context of the level of protection currently P P 3 6 a4
provided
26 |We have appropriate knowledge of the following: Functionality of M&E 4 5 4 3 a1
equipment
LiDAR coverage 3 3 2 2 3 3.5
Channel or river cross 2 1 3 4 3 38
section surveys
Flood hazard maps 2 2 3 5 1 35
Field
N 2 2 5 4 42
communications
Telemetering 2 1 5 5 43
Information
management 3 6 4 4.4
systems
27 |We have up to date hydraulic models and software to run them. 2 1 1 1 4 3.8
28 |Do you have adeguate procedures to enable delivery of a high performing service? 3 1 7 2 4.1
29 |We have adopted Flood Protection Assets Performance Assessment Code of Practice, 5 1 5 5 24
March 3125, in development of our procedures.




receive

Questions No Ans 3 5 Weighted average
30 |We have other written procedures on: Asset condition 5 3 3 18
monitoring )
Flood warning 2 4 4 4.0
Data collection to
enable better 2 4 1 34
analyses
Demand forecasting
. 3 4 2 3.0
(climate change)
Demand forecasting
3 3 2 3.1
(land use)
Demand forecasting
3 2 2 3.0
(others)
31 |Channel capacity monitoring or river cross section surveys: Updating river design
flows and/or levels of 3 2 5 4.1
protection
Sediment
3 3 3 35
management
Stopbank condition
. 3 3 4 39
and alignment
32 |Our annual and long term planning rounds are effective in establishing a framework 5 4 5 39
for our operations. )
33 |There are good linkages between asset management planning objectives and 5 1 2 39
financial provisions included within LTPs and Annual Plans. )
34 |We are proactive in programming and executing our annual maintenance 5 > > 38
programme. _ )
35 |We have procedures to update our knowledge of: Changes in > 5 > 34
hydrology i
Changes in river
) 2 5 1 33
shape/alignment
Changes in design
2 5 1 3.1
flows
36 |We have procedures to assess and review the economic and community impact of our 5 4 5
services )
37 [How enabling is your regional plan to your operations? 3 3 3 3.1
38 [How well is land use planning informed by department's knowledge of flood related 3 3 4 39
hazards? R
39 |How well do your global consents enable your operations? 3 4 2 3.0
40 |How well do Codes of Practice enable your operations? 3 4 1 2.8
41 [How well does your organisation deliver: Operational 4 7 1 33
programme )
Capital improvement
4 5 1 33
works
AMP improvement
4 7 1 3.1
tasks
42 [Our communities understand: What we do 3 6 2 3.3
What Tevel of
protection they 3 7 2 33




Questions No Ans | 1 | 2 | 3 | 4 | 5 Weighted average
42a |List challenges and strengths in consulting with our communities. - Challenges around maintaining interest for some Liaison Committees. Organisational priorities are focused on topics other
than flood protection.
- Limited consultation due to general apathy to regional council functions unless they are directly affected by them. When
they are likely to be directly affected by works, there is generally good public interest.
- Regular regional newsletter highlight important and significant activities ~ Small communities wanting to be involved
Interested liaison Committees
- Lack of interest in general community. Special interest groups such as F&G / Freshwater Anglers Federation that vilify us.
Many landowners have been here a long time so have a good understanding of flooding issues already - new landowners
more of a challenge.
- Maintaining current services if fine but when adaptation and change is required there is often a considerable amount of
resistance
43 |How well do the following groups know and understand your operations: Council staff not in 4 1 7 1 30
your department
ppper management 4 1 1 4 3 40
in your department
Managers outside
4 2 5 2 3.0
your department
CE level 5 4 3 1 3.6
Elected councillors 4 1 2 5 1 3.7
44 [What regular reporting procedures do you undertake to your elected representatives? 4 1 P 6 a4
45 |How well do the following groups support your operations: Council staff not in 3 3 4 P 1 31
your department
ppper management 3 s 1 4 39
in your department
Managers outside
3 3 4 1 2 32
your department
CE level 3 5 1 4 39
Elected councillors 3 3 5 2 3.9
46 |How well do the following groups enable retention of institutional knowledge: Council staff in your 3 4 6 36
department
Council staff not in
3 1 7 2 3.1
your department
ppper management 3 1 s ) ) 35
in your department
Managers outside
3 3 3 4 3.1
your department
CE level 3 1 4 4 1 35
Elected councillors 3 3 5 2 29
47 |How well does your organisation understand its maximum probable loss from natural 4 1 P 3 1 > 3.1
hazards?
48 |How does your organisation determine asset valuation for insurance purposes? 5 3 3 2 3.9
49 |How does your organisation financially plan for disaster recovery (for your assets)? 3 1 1 1 2 5 3.9
50 |Our department is adequately funded for: Routine asset 3 7 2 1 34
maintenance
Asset 3 1 7 1 1 32
renewal/replacement
. 3 2 6 1 1 3.1
River system changes
Disaster response 3 1 6 5 ] 33
and recovery




Questions No Ans 2 3 4 5 Weighted average
51 |The following legal and regulatory factors make our job easy: Local Government 3 P 1 5 > 37
Act
RMA consenting 3 3 4 1 1 2.8
Recreational 3 1 6 2 1 33
Biodiversity 3 8 1 1 33
Cultural 3 7 2 1 34
52 |We have strong relationships with special interest departments/groups: Department of 3 3 3 4 38
Conservation )
Fish and Game 3 2 2 1 5 3.9
53 |The communities of benefit we service are able to pay for these services. 3 2 4 3 1 33
54 - Unknown climate change effects including sea level rise - particularly associated with potential sea inundation. Aggradation

of gravel affecting Scheme performance and cost effective approaches to address this. Co-management under Treaty of
Waitangi settlements is a looming issue. Government have a focus on policy, but have no input, financial or otherwise, into
implementation. This is a cost left to local authorities. Government only concern is that rates increase above the level of

inflation.

- Affordability is always questioned but in reality we feel we provide very good value for money considering the benefits we

provide so feel there is a mismatch between telling the story of the value we provide and the cost of that service




Appendix D: Data Standards

. Discussion of national metadata standards






Data standards

Land Information New Zealand, in conjunction with the Ministry of Building Innovation and
Employment and Treasury, are currently developing metadata standards (how data should be
captured, described and stored) for the three waters sector. It is our view that development of
similar standards would benefit the river management sector, and lead to improved asset
management practices.

The National Environmental Monitoring Standards (NEMS) are a suite of non-regulatory technical
documents prescribing technical standards, methods and other requirements associated with the
continuous monitoring, recording and processing of environmental parameters (e.g. water level,
rainfall, open channel flow, ratings, etc) that were first published in June 2013. Since then, a number
of these documents have been reviewed and rereleased, and many others are planned or under
development. Whilst they are entitled ‘standards’, they are considered best practice and not
ascribed a formal status in this regard by Standards New Zealand or our legislative environment.

The NEMS documents set out a generic framework ascribing a level of data quality. This is developed
based on a range of factors including but not limited to:

. Whether and how the data are processed
. If an empirical relationship is used to derive the data
. The equipment used for data collection, including processes around its selection, installation,

verification and calibration

The generic NEMS quality framework is included here as Figure D.1.



Performance Objectives Quality Code (QC) Description
Quality Zone

START

Verifiel

Missing YES ———» QC 100 Data is Missing

Missing Record

corg

Data is any of the following:
* Raw
s  Of unknown guality
= Not assigned a final quality code
* External and not coded to match NQCS

s —+(GC70)

No Quality or Non Verified

4 / Data is estimated from any of the following: N
Synthetic * Relationships
Data? YES ot QC 300 * Calculations or models
Synthetic * Limited measured data
A } /
0
@ / Measured data that has: B
K *  been compromised in its ability to
Comrt  yes QC 400 e oo
N i Poor Quality +  undergone significant modification.

I
NO

NO

The Sita meets
all.NEMS requirements,
“ANDfield practice is aligned
with NEMS.

YES

Data measured using best practice that meets

QC 600 operational standards at the time of acquisition.
The data is considered to be a good

Good Quaﬁty representation of the monitored parameter.

Figure D.1: NEMS generic quality flow chart

In our experience, data of ‘fair’ quality (QC 500) appears to be a reasonable balance between data
accuracy and price tag — ‘good’ quality (QC 600) data is often associated with expensive installations
which may be unaffordable if deployed en masse. We would expect that ‘fair’ quality (QC 500) data
would provide enough confidence for regional councils to engage with the National Policy Statement
on Freshwater Management and other regulatory processes.

A review of council data acquisition and management processes was outside the scope of this
assessment. Further work is required to confirm to which NEMS quality code the river management
sector should target, understand each regional council’s current data quality codes and what, if any,
changes to existing data acquisition and management processes are needed to meet the agreed
target NEMS quality code.
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1 Introduction

1.1 The Purpose of this Report

This reportaims to define the total economicvalue of river control, flood protection and drainage
(RCFPD) schemesin New Zealand. Thisis aforward-looking examination of value; it examines the
benefits that will flow from the ongoing existence of the RCFPD schemes, net of any future costs.
The study aims to demonstrate and communicate the value of these schemes to the communities
that depend onthem.

1.2 Approach to Analysis

The analysis aimsto establish the total value of the RCFPD schemes. It evaluates the impacts onthe
total wellbeing of New Zealanders in aggregate. Wellbeingis not easily defined, butitrepresents the
sum of the outcomes that people (asindividuals oras groups) would regard as positive, lessthe sum
of those they regard as negative. Overall changesin wellbeing (also referred to as welfare or utility)
are measured using cost benefit analysis (CBA), ratherthan more narrowly-focussed economic
valuations tools, such as economicimpact analysis (EIA) which measures contributions to GDP. We
explainthe differences between these concepts below.

As with all valuation exercises, measuring the economicvalue of RCFPD schemes requires the
comparison of two scenarios. In this case, the situation with RCFPD schemes in place (the factual) is
compared with a scenario (the counterfactual)in which there are no RFCFPD schemes. We discuss
the complexities of such an analysis below.

13 Valuation Concepts: CBA vs EIA

1.3.1 Cost Benefit Analysis

Cost benefitanalysis (CBA) is an analytical approach that springs from welfare theory; it defines the
best decision outcome in any circumstance as that which resultsinthe maximum netgainin
wellbeing forthe community as awhole. Aggregate wellbeing gains tothe community are estimated
by addingall the estimated benefits (wellbeing gains) and subtracting all estimated costs (wellbeing
reductions), taking account of theirtiming and adjusted by discounting.

Consistentwith NZ Treasury CBA guidance, we do notinclude distributional impacts. Forexample,
we do not examine whether schemes have tended to provide greater benefits to people in particular
income categories. Rather we assume that the benefits are widely distributed across the community.

CBA measures changesin wellbeing using monetary values. Thisis for convenience only. Money is
already a currency for exchanging many kinds of goods, and it can be used, usefully, to measure
relative wellbeing. This assumes that, in broad terms, patterns of monetary expenditurereflect
relative preferences amongst consumption options. Monetary valuation is extended to things (or
preferences) which are not normally measured in money terms so they can be compared on the
basis of relative preferences.

1.3.2 Economic Impact Assessment

Economiclmpact Assessment (EIA) typically measuresimpacts on Gross Domestic product (GDP) or
regional equivalents, which is ameasure of total economicactivityina country (or region).GDP is
usually measured as total expenditure in a given yearon final goods? or as total income. It measures

1The Treasury(2015) Guide to Social Cost Benefit Analysis.
2 Final goods are thosethat are ultimately consumed ratherthan used inthe production of other goods.



different things froma CBA. For example, it does not count the value of things that produce
wellbeing but which are not boughtand soldina market, and it measures only the market price of a
good and not any additional benefit (the consumer surplus, which is the difference between price
paidand willingness to pay). Of relevance to this project, it would count the value of flood control
protection of buildings but not the avoidance of indirect costs such as the stress of those
experiencingaflood. GDP also tends to count expenditure as abenefit, eg GDP increases as a result
of flood damage followed by rebuilding.

The Treasury notesthat EIA can provide useful contextual information for decision-makers, butitis
not suitable as a tool formeasuring the balance of costs and benefits of adecisiontosociety.* We
agree. We use the CBA approach inthisreportas the basisforassessingthe economicvalue of river
control, flood protection and drainage schemes.

14 CBA Concepts

14.1 Defining Costs and Benefits

Costs are defined as opportunity costs. CBA assumes efficient markets which meansthatthe prices
of all goods and services are assumed to reflect their opportunity costs of supply. The opportunity
cost of allocating a resource to any particularuse is that the resource is not available for the next
highestvalue use. Thisincludes opportunity costs of capital (it could have beeninvested to create a
returnin some otherventure), resources (they could have been used as inputs to some other
industry) and labour (workers could be employed elsewhere). Effectively using an opportunity cost
approach isthe same as comparing the benefits of any given project with those of some other
project or set of projectsinwhichthe inputs are all used productively.

Benefits are measured as the value that individuals place on the output. Thisincludes any value paid
ina marketand any additional surplus thatis based on what someone would be willing to pay, ie
the value of any change in outcome is equal to what people would be willing to give up to obtainit.
Thisis appliedto effects orvalues thatare not normally specified inamarket, including the impacts
on the environment. Such effects are measured using a mix of stated and revealed preference
techniques.

1.4.2 CBA Outputs

The results of a CBA of an investment can be summarisedin several ways.

e Netpresentvalue (NPV)—the sum of benefits minus the sum of costs overthe lifetime of
the investment, with all costs and benefits discounted to take account of theirtiming. A
positive NPV means the investment will provide net wellbeing benefits.

e Benefitcost ratio (BCR) — the sum of discounted benefits divided by the sum of discounted
costs. A BCR that is greaterthan 1 means that the investmentis worthwhile and will produce
netwellbeing benefits.

e Internal rate of return (IRR) — the discount rate which would produce an NPV of zero. IRRs
can be used torank investment options, with the project with the highest IRR being
favoured. AnIRR can also be used to compare with a hurdle (ortargeted) rate of return.

The net presentvalue (NPV) is usually the favoured indicator, and itis providinginformation thatis
closesttothe interests of this project. It measures the sum of benefits minus the sum of costs over

3The Treasury(2015) Guide to Sodial Cost Benefit Analysis.



the lifetime of the project(s), with all costs and benefits discounted to take account of theirtiming.
Thiscan be used to estimate the total value of RCFPD schemes, ratherthan estimated returns on
investment, which are largely historical. The benefit cost ratio (BCR) or internal rate of return (IRR)
might be used to estimate returns on future costs, egthe value of maintaining (orexpanding)
existinginfrastructure, but thisis addressinga different question from the valuation question.

We use NPV analysisin this report. However, we also transform the valuesinto annualised values (or
equivalentannual value, EAV) to enable better comparison of projects which have different
durations (see below). An EAV isanamountwhich, if spread equally overthe lifetime of a project
wouldresultinthe same NPV as the actual project costs and benefits. The formulaforan EAV is:

FAV = r.PV
V=1c 1+nr™
Where: EAV
r
PV
n

equivalentannual value
discountrate

presentvalue of project (or NPV)
projectdurationinyears

Itis estimated usingthe PMT functionin excel.

143 Project Lifetime

Projects should be evaluated overthe length of the project. Thisis until the end of the economiclife
of the capital invested, egtoa time whenthere isa needfora significant reinvestment. When
comparing projects with different time frames, the NPV results should be converted into EAVs as
discussed above.

144 Discounting

Discountinginthe context of a CBA is a way to measure the time value of consumption. Two broad
approachesare used:the social rate of time preference and the social opportunity cost of capital.

Social Rate of Time Preference

The social rate of time preference (SRTP) assumes that the primary interest of policy makersisinthe
timing of consumption and that publicpolicy (orinvestment)decisions can affect thattiming. The
Ramsey equationis astandard formulafordeterminingthe SRTP. Itincludes two elements: *

e thetime preference of people, iethe extenttowhichthereisa preference for consumption
earlierintime; and

e therelative value of consumptionin different time periods because of changingincome, ie
an additional unit (egdollar) of consumptionis valuedless whenincomeis higher.

The SRTP is applied to wellbeing effects more generally by assuming that people would be willing to
sacrifice present wellbeingin favour of greaterfuture wellbeing at the same rate of time preference
as evidenced in saving behaviour (saving forsakes current consumptionin favour of greater future
consumption).

4 Ramsey FP(1928) A Mathematical Theory of Saving. Economic Journal, 38: 543-559.



The SRTP approach attempts to have wide applicability to the timing of all impacts on wellbeing, eg
whetherwe would preferto face the stress of a flood thisyearor nextyear.

Estimates of the SRTP for New Zealand include an estimate of 4.4% by the Ministry of Economic
Development (now MBIE) in the context of the 2006 NZ Energy Strategy,® and a recommended rate
of 4% by Auckland Council .®

Social Opportunity Cost of Capital

NZ Treasury emphasises the social opportunity cost of capital (SOC) concept, ie thatgovernment
decisions are displacing private investments which would have yielded arate of return. Inits 2015
Guide to Social Cost Benefit Analysis, the Treasury states that “the public policy objective must be to
maximise the return thatis obtained from the tax payer’s dollar” and that “a usefulway to think
aboutthediscountrate is as a hurdle rate of return.”” Based on this argument, the guide
recommends the rate of returnin the share marketis the next best, or most convenient, alternative
investment, that could be used as an opportunity cost of capital-based discount rate.

Althoughthe Treasury authors assume awide view of possible effects (by ‘return’ they mean “the
net total of the social and economicimpacts of a project, or the benefits net of the costs, all valued at
their opportunity costs”), they take a narrow assumption oninitial costs (taxpayer funds). Their
argumentisthat “Assuming that all benefits have been valued correctly, we should be indifferent
between one kind of benefit and another, if their valueis the same.”

Treasury’s estimate of the opportunity cost of capital for publicdecisionsis 7% inreal terms.?®

Recommended Discount Rate

Some approachesto discounting combine the two approaches, egbyisolating the investmentitems
and usingthe SOCto estimate ashadow price of capital. All effects are then discounted using the
SRTP.?In this study, we are not examining new investments but the value of existing investments
which are sunk costs. The consumption effects are beingvalued.

For analysisinthis study we use a discount rate of 6%, consistent with NZ Treasury, but with

sensitivity analysis using 4%.

2 Avoided Flood Damage

2.1 Economic cost categories

A review of economicanalyses of floods and other natural disasters suggests that costs (which are
avoided as a result of RCFPD schemes) are often categorised as:*°

e tangibleandintangible damages—those that are readily measurable in monetary termsand
those that are not; and

5 MED (2006) Choice of Discount Rate forthe NewZealand Energy Strategy. POL/1/39/1/1

6 Auckland Council (2013) Auckland Council Cost Benefit Analysis Primer.

7NZ Treasury(2015) Guide to Social Cost Be nefit Analysis, p35

8 http://www.treasury.govt.nz/publications/guidance /planning/costbenefitanalysis/curre ntdiscountrates

9Young L (2002) Determining the Discount Rate for Government Projects. New Zealand Treasury Working Pa per 02/21

10 Department of Infrastructure, Planning and Natural Resources (2005) Floodplain Development Manual the management
of floodliable land. New South Wales Government. Appendix M Flood Damages



e directand indirect damages—those that result from the direct contact with waterand those
that are secondary tothis.

Figure 1 summarises cost categories building on aselection of Australian and New Zealand flood
defence CBAs.! Forclarity we use marketand non-market values as categories rather than
tangible/untangible; the marketvalues categoryis splitinto directand indirect reflecting whether
the costs are directly attributable to the actions of water. Market costs (those for which there are
market values) tend to be more tangible and their values somewhat more easily determined. Direct
costs are generally damages caused by the flood, whereas indirect costs are inconveniences incurred
as consequence of the event. Costs thatfall underthe ‘non-market’ category are generally less
tangible and more difficult to value. Some indirect or ‘flow-on’ costs, such as network disruption, can
also be classified asa non-market cost.

Figure 1 Summary of avoided costs in flood defence CBAs

Total Economic Cost

Market costs Non-market cost
[
[ | |

Direct cost Indirect costs Direct & indirect

(damage from impact)

(flow-on costs)

(difficult to price)

Agricultural - fences,
equipment, crops,
pastures & livestock
Building - structure &
contents
Infrastructure - roads
and networks

Emergency & relief
Accommodation
Business disruption
Clean-up

Network disruption

Death & injury

Health impacts
Environmental
Memorabilia

Cultural heritage
Family violence,
Alcohol misuse, Crime

Although the classification of avoided costsis based largely on flood defence projects, the set of
categoriesis more widely applicable to river control and drainage schemes. The categories are
developedto ensure thatacomprehensiveset of effectsistakenintoaccount, includingthose which
are more or less easily estimated. The classification is similarto that used in defining Total Economic
Value (TEV)'? whichisusedto ensure thatall values are incorporated in a CBA, particularly those
relatingtothe environment.

In this study we have considerable data limitations. Nevertheless, we examine ways in which the
widest set of values possible can be included in the analysis. Tonkin + Taylor (2014) reviewed the
quality of the data that are available to describe flood damages and found it to be highly variable. 3
The best quality data are for tangible-direct damages and then, in order of decreasing quality,
tangible-indirect, intangible-direct and intangible-indirect damages. The analysisin this study

11 Bureau of Transport [BTE] (2001) Economic costs of natural disasters in Australia, report 103; Deloitte & Access
Economics (2013) Buildingour nation’s resilience to natural disasters. Australian Business Roundtable for Disaster
Resilience and Safer Communities; Deloitte & Access Economics (2016) The economic cost of the social impact of natural
disasters. Australian Business Roundtable for Disaster Resilience & Safer Communities; WyattS (2015) Flood, drainage and
erosion protection benefits of Lower Wairarapa Valley Development Scheme. Report pre pared for Greater Wellington
Regional Council

12 European Environment Agency (2010) Scalingup ecosystem benefits A contribution to The Economics of Ecosystems and
Biodiversity (TEEB) study. EEA Report No 4/2010.

13 Tonkin & Taylor (2014) Flood Damage Assessment methodology. Re port Pre pared for Auckland Council.



concentrates on the components of value that are most readily measured at an aggregate (national)
level.

2.2 Treatment of Insurance

Insurance providesameans forhouseholds and businesses to pass on theirrisks to others. Ina fully
competitiveinsurance market with perfectinformation, the level of premium would reflect the risk
and associated damage. In such a theoretical competitive world, if measures were taken toreduce
the risk of flooding, thiswould be reflected in reduced insurance premiums and the total amount
paidin premiumswould reflect the total expected pay-out (damagetimesrisk). In the shortrun, and
at the margin, ie forthe valuation of individual RCFPD schemes, premiums may not adjust efficiently
with risk levels. This matters, because mostinsurance companies operatingin New Zealand are
foreign-owned. Risk reduction that was not met by reductionsin premiums would largely resultin
benefits forinsurance companies, and these benefits would be expatriated.

However, forthis analysis, which assesses the effects of investments made overasignificant period
of time, spread widely across the country, we assume that the industry is relatively efficient and that
premiums are reflective of risk. We thusignore insurance payments (premiums and pay-outs) in
estimating (avoided) damage costs.

23 International Experience

In this section, we briefly review international examples of CBAs used to evaluate flood defence
schemes. Of particularinterest to this study, the examples are used to examine how others have
approached:

e theinclusion of the full range of effects; and
e thedevelopmentofacounterfactual against which value is determined.

The findings below suggest that, overtime, CBAs have taken account of an increasing number of
effects, particularly as approaches to valuation have improved and monetary values have been
published. Also, CBAs of flood defence have, in general, been used to analyse new schemes, rather
than existing schemes. In that context, the counterfactual definitionis generally “doing nothingin
additiontowhatis there already”, ratherthan “the removal of existing schemes”.

23.1 USA

The 1936 Flood Control Actinthe US is often cited as the first significant example of government-
required use of CBA for decision making.1* As aresult, federal agencies adopted a damages-avoided
method forflood control benefitassessment. Thisincluded the cost of replacing and repairing
property that could be damaged and the foregone income from agricultural land (lost sales and/or
increased production costs); the damagesforeach possibleflood event were multiplied by the
probability of each flood occurring and the impact was estimated as the difference between the with
and without project scenarios.

Overtime there wasincreasing criticism of the avoided damages approach because ittended
towards a narrow focus on property damage.®> Approaches shifted towards those that measured the
willingness to pay (WTP) of beneficiaries foravoided flood damage. This would include assessment
of the full range of effects.

14 ShabmanL(1997) Makingbenefit estimation useful: lessons fromflood control experience. Water Resources Update
[Universities Council on Water Resources], 109: 19-24.
15 Shabman (op cit)



Since 1983, direction has been providedto Federal agenciesinthe form of the Principles,
Requirements and Guidelines for Waterand Land Related Resources Implementation Studies
(PR&G). They provide advice when evaluating and selecting major water projects, including projects
related to navigation, storm resilience, wetland restoration, and flood prevention.® The PR&G were
finalisedin 2014; theyinclude arequirement for evaluation of the costs and benefits of alternatives,
in addition to performance relativeto a set of guiding principles’ and formulation criteria.!® The cost
benefitanalysis requirements include monetisation wherever possible, consistent with federal
guidance;® impacts that cannot be monetised are to be described.

2.3.2 Australia

Overthe early 2000s, the Australian government carried outalong-termresearch project to better
understand the costs and benefits of flood mitigation expenditure. The first report by the Bureau of
Transport Economics (BTE) analysed the pastimpacts of natural disastersin Australiato developa
model for costing future events.?° Costing methods relied heavily on findings from past studies and
insurance datato estimate total economiccosts.

BTRE (2002)2! used BTE methodologies to analyse five flood mitigation interventions (case studies) in
Australia. The damage observed afteraflood and with a specificinterventionin place, was
compared with the estimated damage without it (the counterfactual). Wherefeasible, damage
avoided benefits were estimated as the reduced average annual damage (AAD) due to mitigation.
The counterfactual was defined simply, eg flood damage observedin anearbyindustrial zonewas
used to estimate the counterfactual damage to the Tamworth CBD, had its existing flood levee not
been built. No detailed scenarios were developed of possible different types of developmentin the
absence of flooding.

Cost estimation methods developed by BTE continue to provide methodologies and inputs for
Australian flood protection analysis. However, recent research has recognised the lack of attention
previously giventothose lesstangible, social costs of natural disasters. Impacts thatare typically
overlookedinclude damage to health and wellbeing of people and communities. These effects have
beenincludedinarecentstudy forthe Australian Business Roundtable for Disaster Resilience &
Safer Communities?? (see below).

2.3.3 UK

In the UK, although chiefly for England, there are anumber of documents that provide guidance on
the evaluation of projects that would enhance currentlevels of flood protection orerosionrisk.
Consistentwithasetof principles setoutina Defrapolicy statementonappraisal of flood and
coastal erosion risk management (FCERM),23 all publicly-funded FCERM strategies and projects
developed by operating authorities must complete a FCERM appraisal. FCERM Appraisal Guidance
(FCERM-AG) sets out methods to be used.?* Thisincludes guidance on:

16 Council on Environmental Quality: Updated Principles, Requirements and Guidelines for Water and Land Related
Resources Implementation Studies. Retrieved from
https://obamawhitehouse.archives.gov/administration/eop/ceq/initiatives/PandG

17 These principlesare: (1) healthy & resilient ecosystems, (2) sustainable e conomic development, (3) floodplains (ie
avoidingfloodplain development), (4) public safety, (5) environmental justice, and (6) a watershed a pproach.

18 The formulation criteria are completeness, effectiveness, efficiency and acceptability.

19 Office of Management and Budget (OMB) Circulars A-94 and A-4

20 Bureau of Transport Economics [BTE] (2001) Economic costs of naturaldisasters in Australia.

21 Bureau of Transport and Regional Economics [BTRE] (2002) Be nefits of Flood Mitigationin Australia.

22 Del oitte Access Economics (2016) The economic cost of the social impact of natural disasters. Prepared for the Australian
Business Roundtable for Disaster Resilience & Safer Communities

23 Defra (2009) Appraisal of flood and coastal erosion risk management A Defra policy statement

24 Environment Agency (2010) Flood and Coastal Erosion Risk Ma nagement a ppraisalguidance FCERM-AG



e settinga baselineforappraisal. Thisis defined as do-nothing, ie walk-away with no further
intervention. Thisis forward lookingand includes an assessment of how risks will change
overtime, egas a result of climate change. The do-nothing baseline should set outa story on
whatis expected to happeninthe future interms of:

o deterioration, failure/loss and time to failure of structures such as defences, coast
protection works and pumping stations;

o howthefrequency of erosion and flooding events will change and whetheror not
there are existing structures or managementactivities; and

o theimpacts (positive and negative)that occur as a result.

e measuring costs and benefits. The main guidance is provided by the Green Book, 2° whichis
Treasury Guidance on cost benefitanalysis. The FCERM-AGincludes some guidance onthe
types of costs and benefits to be considered, with additional guidance provided in aseparate
handbook on environmental valuation.

The handbook on valuing environmental effects in the context of flood evaluation 26 includes default
valuesfora numberof impacts, while notingthatthese are “best estimates of the likely levels of
benefits” but that new valuation studies should be used when the impacts are significant or likely to
be contested. Table 1 shows some defaultvaluesin £/ha/yearfordifferent ecosystem types; they
are used to value habitat creation as a result of managed retreat.

Table 1 Range of indicative economic values (“default values”) for different habitats (£/ha/yr, 2008 prices)

Habitat & ecosystem service provision Indicative Range
value
Inland marsh: water quality improvement, recreation (non-consumptive), ~£1300 |£200 - £4,300

biodiversity, aesthetic amenity

Saltmarsh: water quality improvement, recreation (non- consumptive), ~£1400 |£200 - £4,500
biodiversity, aesthetic amenity

Intertidal mudflat: water quality improvement, recreation (non- consumptive), ~£1300 |£200 - £4,300
biodiversity, aesthetic amenity

Peat bog: water quality improvement, recreation (non- consumptive), ~£300 £0 - £1,000
biodiversity, aesthetic amenity

Source: Eftec(2010) Flood and Coastal Erosion Risk Management: Economic Valuation of Environmental Effects
HANDBOOK for the Environment Agencyfor England and Wales.

The values were derived from anumber of studies, particularly that of Brander et al*’ which included
techniques forscaling up datafrom individual studies to an aggregate national (or European) level,
including taking account of:
e distance-decay functionsinwhich the willingness to pay (WTP) for a particularimprovement
would decrease with distancefromthe valued ecosystem;
e takingaccount of substitutability, egif benefittransferis performed between landscapes
that vary inlevel of ecosystem services (from poortorich), WTP values are likely to be
overestimated;?®

2> HM Treasury (2003) The Green Book. Appraisal and Evaluationin Central Government (minor updates in 2011)

26 Eftec(2010) Flood and Coastal Erosion Risk Management: Economic Valuation of Environmental Effects HANDBOOK for
the Environment AgencyforEngland and Wales

27 Brander LM, Ghermandi A, Kuik O, Markandya A, Nunes P, Schaafsma M and Wagtendonk A (2008) Scalingup ecosystem
services values: methodology, applicabilityand a case study. Report to European Environment Agency.

28 Theynote: “Forinstance, respondents in an area with several lakes whose water quality is polluted will value cleaning up
the first lake more than cleaning up the second lake, because (1) the first lake can be a substitute for the second lake, and
(2) the respondent has a budget limitation which reduces the money available for cleaning up the second lake. Val uing
goods separately and then adding up the values will overstate the true value, as every respondent will treat the ecosystem
under study as if it were the first good.” (Brander et al 2008, p7)




e differencesinsocio-economicfactors (egincome and demographics) between the study site
and the policysite; and

e differencesin contextual factors thatexplain WTP, including (a) the spatial pattern of the
social, demographicand psychological characteristics of the affected population and (b) the
physical characteristics of the goods and services undervaluation.

The handbook alsoincluded values relatingto the value of recreation, but thisisalsotranslatedinto
average values per hectare. The valuation approach focussed on developing an average annual
damage (AAD), as discussed above. Additional guidance is provided on multi-criteria methodologies
for effectsthat are difficult to measure in monetary terms. °

3 Evaluation of NZ Schemes

3.1 Defining the counterfactual

Any analysis of costs and benefits requires the comparison of two scenarios—with or without some
action. In this case it is comparing a factual scenario (the current set of RCFPD schemes) with a
counterfactual (no RCFPD schemes). This differs from most CBAs of flood defence schemes which
have examined the costs and benefits of new investments or enhancements; typically, they have
compared new investment and expenditure to ado-nothing counterfactual (no additional
investment).2° This cannot be used here because the interestisin valuing the existing stock.

There are different ways in which the counterfactual might be specified to answerthe question that
this study addresses. We outline three options below.

1. NewZealand with no RCFPD schemes
This scenario would postulate asituationin whichno RCFPD schemes had everbeen putin
place. It might be equivalenttoimaginingthat noone in New Zealand had ever discovered
or been aware of these techniques and technologies. This might lead tothe need fora
complex assessment of how New Zealand would have developed differently, including
significantdifferencesinland use activity and the location of economicactivity, towns and
cities. Such an analysisis both complex and highly speculative. Forexample, ifaflood
defence scheme protectsan urban area fromflooding, egthe Hutt Valley, itis likely that, in
the absence of the schemes, the people and activities would have located elsewhere, away
from the risk of flooding. Defining this counterfactual scenario might require an analysis of :
e alternative locationsforthe residents, including whetherthis would be through
expanding otherurban areas at the same density, orthrough more intensive
development;and

e alternative economicactivities and, potentially, a different economicstructure, iea
differentsetof industriesin New Zealand.

2. No coordinated RCFPD schemes
Instead of assuming there are no RCFPD schemes, this scenario would assume there are no
coordinated, community-developed schemes and that the schemes that exist are developed

29 Environment Agency (2010) Flood and Coastal Erosion Risk Management a ppraisalguidance. Guidance onapplyingthe
scoring and weighting methodology.

30 Middlesex University Flood Hazard Research Centre (2014) Acommon framework of flood risk management cost benefit
analysis features; Deloitte Access Economics (2013) Building our nation’s resilience to natural disasters. Australian
Business Roundtable for Disaster Resilience and Safer Communities;



privately by individuallandowners or small groups of them. This would require speculation
on whetherornotlandowners would have coordinated their activities in away which
resultedinsimilarschemestothose that currently exist. The analysis would be of the value
of coordination (or of publicintervention) ratherthan of the schemes themselves.

3. Removal
The third approach examinesthe value of whatis currently protected by the existing RCFPD
schemes, equivalent to asking the current community forits willingness to pay (WTP) forthe
continued provision of protection on the assumption thatthe (private) owner of the
schemes could somehow remove them. Although this scenariois not realistic(the existing
schemeswould notbe removed), it provides a basis for estimating the value of the existing
schemestothe current communities protected by them.

The third optionisthe approach adoptedin thisstudy. It is consistent with the study’saimto
identify the currentvalue of existing schemes.

3.2 Analytical Approach

3.21 Counterfactual Application
Building on the discussion above, we have defined the analytical question as:

the estimated maximum willingness to pay by the relevant communities for the continued
provision of protection and value by the river control, flood protection and drainage schemes, on
the assumption thatthese schemes were removable such that their benefits were no longer
available.

The approach to valuation will differ with the land use orland type, and with the nature of the
scheme. We setout the proposed approachesin Table 2. In all cases our interestisin estimatingthe
presentvalue of the change in scenario; thisis the discounted sum of future costs. We discusstime
framesforanalysis below (Section 3.2.2).

Table 2 Valuation approach by land use and scheme type

Land use/ . . . . .

land type Flood protection Tidal protection Drainage River management
Built-up areas NPV of avoided damage Value of Value of Value of

(residential improvements plus |improvements plus |improvements plus
and other difference in value of  difference in value of difference in value of
buildings) land uses land uses land uses

Other land Greater of: Difference in value |Difference in value of Difference in value of
uses e NPV of avoided damage or | Of land uses possible|land uses possible |land uses possible

« Difference in value of land with/without tidal with/without with/without river
uses possible with/without protection drainage management
flood protection

Built-up areas are characterised by the presence of buildings. These are capital assets forwhich
thereisarisk of:
e physical damage inthe case of floods ortidal inundation; or
e landunsuitability, ie inthe case of drainage orriver management, the counterfactualwould
be that it would be toowet for the buildings.

The maximum WTP of communities protected by the existing schemes would be equal to the
expected damage costs following removal of the existing schemes. For buildings, expected costs
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would be equal to:

e floodsorcoastal inundation: the change inrisklevel (risk of damage) times the cost of
damage were itto occur, including market and non-market costs. Normally risks are
expressed as annual risks so that the annual change in risks has to be converted toan NPV;
or

e drainage or river management: the value of the buildings as these would be expected to be
lostin the counterfactual scenario.

For land, includingin built-up areas and otherland uses elsewhere, the expected costs are the
expected changesinlandvalues, based onthe change inthe potential use of the land. Land values
are equivalenttothe presentvalue of future benefits from the use of the land (orthe value of the
nextbestuse where there isacompetitive land supply market), sothatthey are already expressedin
NPV terms.

We explore the approach to measuring expected costs below.

3.2.2 Expected Costs — Flood Damage to Built-up Areas
Approachesto flood risk analysis can vary according to differencesin the counterfactual

assumptions, the number of analysis sites (ie single-site or many sites) and availability of relevant
data. However, all flood risk assessments require the following key factors to be considered:3!

o flood hazard - the probability and magnitude of flooding;

e exposure—the economicvalue of assets vulnerable to flood hazard;

e vulnerability—the relationship between flood hazard and economicloss; and

e performance —the effectiveness of flood protection that modifies the above factors

The UK Flood Estimation Handbook (FEH) flood estimation methodology is internationally recognised
as best practice. The FEH method uses flood frequency curves to define a relationship between the
magnitude of a flood (peak flow) and the return period (expected frequency of occurrence). Box 1
defines probability terms often usedin flood analysis.

Box 1 Definition of flood probability

Flood probability is generally expressed as a return period (T) or an annual exceedance probability (AEP). A
return period is the average interval of time between floods thatequal or exceed a particularmagnitude. The
AEP is the probability of exceeding a specified flood level in any year (the inverse of the return period). For
example, a flood return period of 50 years will havean AEP of 0.02 or 2%.

The FEH method requires historical data on the maximum flood each yearforseveral consecutive
years.3? Flood data must be specificto the site, or to a site of similar characteristics. However, even if
sufficient peak flow data are available, this method is infeasible given the large numberand diversity
of sitesinour base data; we are tryingto estimate an avoided cost of floods as an aggregate for New
Zealand as a whole, without undertaking detailed analysis of each individual flood-prone site. Thus,
we take an alternative approach and use historical insurance dataand flood damage relationships
observedin paststudiestodeterminethe association between flood return period and flood
damage.

31 National Research Council (2015) Tying flood insurance to flood risk for |l ow-lying structures inthe floodplain. Chapter: 3
methods forassessing flood risk. ISBN: 978-0-309-37166-7

32 Environment Agency (2010) Fluvial Design Guide —Chapter 2.4.1 Probabilityand return period. Retrieved from
http://evidence.environment-agency.gov.uk/FCERM/en/FluvialDesignGuide/Chapter2.aspx?pagenum=4
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We adopta flood risk estimation method demonstrated in Morita (2014) 33 and Olsen et al (2015),3*
inwhichthe average annual damage (AAD) or expected annual damage (EAD) foralocationis
defined by the total area underitsflood risk density curve (RDC). A flood RDCillustrates the risk (in
dollaramounts) of a flood along a range of return periods. Using flood damage and return period
data from Denmark, Figure 2 shows the RDC as a typical relationship between return period and
annual flood risk. Although damage costs increase with return period, risk (or expected annual cost)
approacheszerofor largerevents because of theirlow probability of occurrence.?®

Figure 2 Flood Risk Density Curve

Flood risk

Return Period [years] Log
Source:Olsenetal. (2015)36

The RDC isthe product of damage potential and event probability, asseenin Figure 3. Each point
alongthe RDC represents the damage correspondingto a return period (Figure 3B), weighted by its
exactannual occurrence probability (Figure 3A). The sum of these probability-weighted damages, ie
the area underthe RDC, equals the annual average damage (AAD) forasite.

Figure 3 Flood Probability, Damage and Risk Curves

Probability Density
X
Damage Potential

Annual Risk Density (S)

Return Period Return Period Return Period
(A) Flood Probability Curve (B) Damage Potential Curve (C) Risk Density Curve
Source: Modified from Morita (2014)37

Our approach assumesthe entire areaunderneaththe RDCis equivalenttoa location’s AAD without
flood defence, ie the counterfactual AAD. We then assume AAD avoided, ie the flood benefit
providedtoa location, isdetermined by ascheme’s level of service. Forexample, ascheme witha
100-year level of service will fully avoid damages up to a 100-year flood (Figure 4).

33 Morita M (2014) Flood Risk Impact Factor for Comparatively Evaluating the Main Causesthat Contribute to Flood Risk in
Urban Drainage Areas. Water 2014, 6 (2): 253-270; d0i:10.3390/w6020253

34 OlsenAS,ZhouQ, Linde JJ & Arnbjerg-Nielsen K (2015) Comparing methods of calculating expected annualdamage in
urban pluvial flood risk assessments. Water, 7(1): 255-270.

35 ibid

36 ibid

37 Morita M (2014) Flood Risk Impact Factor for Comparatively Evaluating the Main Causesthat Contribute to Flood Risk in
Urban Drainage Areas. Water 2014, 6, 253-270; doi:10.3390/w6020253
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Figure 4 AAD with a 40-year flood protection level of service

I AAD avoided |
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Return period (years)

Therefore, annual average damage (AAD) avoided because of flood mitigation can be denoted as:
AAD avoided = counterfactual AAD — AAD with scheme

We take the following steps to estimate the value of damage avoided for sites protected by flood
defence:

1. Calculate the flood probability curve (see Figure 3A)

Calculate aflood damage curve (see Figure 3B)

3. Calculate arisk density curve (RDC) (see Figure 3C). The purpose of thisstepisto determine
how flood damage changes with a scheme’s level of service.

4. Estimate site specific counterfactual flood damage. Thisis done by combing counterfactual
assumptions with base datainformation, egsite capital value and scheme rating.

5. Calculate site-specificdamage avoided using level of service data.

N

We set out these stepsin more detail below.

Step 1: Calculating the Flood Probability Curve

The flood probability curve usedin the derivation of the RDC (Figure 3) is not the same as the annual
exceedance probability (AEP). The AEP defines the probability of aflood exceeding a specific
magnitude. Therefore itis the probability thataflood of a specificreturn period or greater occurs
withinagivenyear. In contrast, the flood probability curve uses the probability associated with each
individualreturn period. Thisisreferred to as the probability density of areturn period ( Figure 3A).
Intuitively, areturn period’s probability densitywillalways be lowerthan its AEP, exceptforreturn
periods of 1, where the AEP and probability density is also equal to 1.

Flood probability density can be defined as afunction of the return period. This equationis known as
the flood probability density function (PDF). Mathematically, a PDF is equal to the derivative of the
corresponding cumulative distribution function (CDF).3® Inflood analysis, the CDFis equal to 1-AEP,
ieitisthe annual probability thataflood of a givenreturn period orlesswill occur:

1
CDF=P=1-=
T

Where: P =the cumulative probability
T =the returnperiodinyears

38 Morita M (2014) Flood Risk Impact Factor for Comparatively Evaluating the Main Causesthat Contribute to Flood Risk in
Urban Drainage Areas. Water 2014, 6, 253-270; d0i:10.3390/w6020253
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Using calculus, we can calculate the derivative of the CDF to obtain the PDF, the probability foran

exactreturn period (T):
dp 1

PDF = —=—
dT T?
Figure 5illustrates thesethree key probability equations with respect to flood return period.

Figure 5 Different types of probability for flood return periods
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Flood PDFis the probability curve (Figure 3A) used in ouranalysis. This same probability curve
appliestoall locationsinthe base data.

Step 2: Calculate the Damage Potential Curve

Damage potential curves define the expected damage forarange of return periods. We take two
approachesto estimate damage potential:

A. Use historical insurance datato estimate the relationship between return period and flood
damage.

B. Use numbersregardingthe observed relationship between flood damage and return period
inthe UK.

These methodologies are explained below.

A) Damage potential curve: NZ insurance data

The Insurance Council of New Zealand (ICNZ) has published a table of insurance costs which have
occurredin New Zealand since 1968.3° ICNZ data contain 77 flood events from 1976 to 2016. After
adjustinginsurance costs to 2016 prices, we countthe number of floods within specified cost ranges:
$0-2.9m, $3-9.9m, $10-$24.9m, $25-49.9m, $50-80m. To find the return period associated with each
cost category, we divide the analysis period (40years) by the number of flood events within agiven
cost category. For example, there were 8floods within the $10-25m range, therefore we estimatea
5 yearflood (40 years/ 8 floods) would cost $17.5m (median of $10-25m). We plot these data and fit
aregressionline to estimatethe relationship between insurance costand return period (Figure 6).
The dotted line of Figure 6 is an extrapolation of this trend out to 500 years.

39 http://www.icnz.org.nz/statistics-data/cost-of-disaster-events-in-new-zealand/
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Figure 6 Insurance cost and return period
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The insurance cost-return period relationship from Figure 6 serves as a proxy forthe relationship
between direct damage and return period. Underthe assumption that a 500-year flood will incur the
maximum flood damage, we can then calculate a damage potential curve, ie damage as percentage
of thatexpected ina500-year flood (Figure 7).

Figure 7 Potential Damage Curve: NZ data
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B) Damage potential curve: UK data

The Middlesex University Flood Hazard Centre (2014)*° used UK data to estimate the percentage of
properties affected (relative toa 200 yearflood) by different floods. Using “percentage of properties
affected” as a proxy for “damage potential” we can construct a second potential damage curve
(Figure 8).To estimate UK damage potential as a percentage of a 500-year flood, we multiply these
values by a factor of 0.85, which is equal to 200-year damage as a proportion of 500-year damage

40 Middlesex University Flood Hazard Centre (2014) Acommon framework offlood risk management cost benefit analysis
features. Version 3.
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foundinthe NZ data (egthe average insurance costs of a 200-year and 500-year flood were
estimated tobe $91m and $107m, respectively).

Figure 8 Potential Damage Curve: UK vs NZ
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Source: Middlesex University Flood Hazard Centre (2014)

In comparisonto the curve derived from NZ data, the UK-derived curve increases at a slowerrate up
to areturn period of 20 years, and at a greaterrate overreturn periods 20-50 years, after which the
NZ and UK curves converge.

Step 3: Calculate the RDC

To calculate the RDC (flood risk), we apply the method shown in Figure 3and combine the flood
probability and potential damage curves (NZor UK curve). Figure 9illustrates this step using the
damage curve estimated via NZinsurance data. Potential damages in the middle chart of Figure 9
are expressed as a proportion of the maximum damage (and not actual damage valuesasin Figure
3B); they are multiplied by the probability density to produce aflood risk density curve (RDC). To
estimate damage in monetary terms they must be multiplied by the estimate of maximum flood
damage (in monetary terms) forthe specificarea (Step 4).

Figure 9 Construction of the RDC
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Step 4: Estimate site-specific counterfactual AAD

The objective of this step is to multiply the previously estimated RDC (specified as a proportion of
maximum damage - Figure 9C) by the maximum expected flood damage foragivensite. The RDCis
expressed asanannual flood risk so needs to be multiplied by the maximum annual damage. We
make the standard assumption that a property’s capital value (CV) is equal to the presentvalue of
the string of future annual returns (to infinity) from use of the land. Thus the maximum expected
damage for a givenyearis estimated by calculating an annuity fromthe CV. When calculating a
constantannuity to infinity, itis equal to the discountrate (r) multiplied by the capital value (CV).
Therefore, asite’s counterfactual AAD, ie with flood defence removed, is the total areaunderthe
RDC, and is equal tothe capital value multiplied by the discount rate. The difference between the
factual (with flood defence)and counterfactual (noflood defence) is estimated as some proportion
of thisareabased on the Level of Service (LoS) of the flood defence scheme (see Step 5 below).
However, flood defenceschemes are also classified in terms of the level of benefit, as high, medium
or low. We assume that thisis a measure of the vulnerability of the areato flooding and we use this
to adjustthe counterfactual AAD. Forexample, aflood defence scheme defined as providingalow

level of benefit, is assumed to provide protection of asmall proportion of the total counterfactual
AAD(CV.r).

In the absence of data, we assume the counterfactual damage for schemes rated high, mediumand
lowis 75%, 50% and 20% of the maximum counterfactual damage (Table 3).

Table 3 Assumptions for Scheme Rating Percentage

Council Scheme Benefit Rating | Scheme Rating Percentage (%sr)

High 75%
Medium 50%
Low 20%

Actual counterfactual AAD canthen be expressed by the following equation and as the area under
the RDC (Figure 10):
Counterfactual AAD = CV .r. %gg

Where %sg is the scheme rating percentage as shownin Table 3.

Figure 10 Site specific RDC (annual form)
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By definition, AADisan annualised value of flood damage. To find the presentvalue (PV) of
counterfactual flood damage, we divide the AAD by the discountrate (r). The PV of a site’s
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counterfactual damage can be simplified toits capital value multiplied by its scheme rating
percentage:

counterfactual AAD  %gg .CV .1
r B r

For example, with flood protection removed, a $500,000 site with a low scheme ratingwouldincur

$500,000 x 20% = $100,000 worth of damages. The annual RDC can be scaled to representriskin PV

form (Figure 11). The area underthis curve represents the present value of counterfactualdamage
to a specificsite.

PV of counterfactual AAD = = %gg . CV

Figure 11 Site specific RDC (PV form)
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This methodology assumes landowners do not take account of the expected duration of the RCFPD
schemesthemselves. Forexample, if ahigh value land use is occurring that is only possible because
of the RCFPD scheme, the landowners assume that the RCFPD scheme will always be in place. Under
thisassumption, the capital value =discounted annual benefits to infinity, ratherthan the value
incorporating some risk that the scheme might depreciate (physically) overtime and that, at some
future date, the high value land use could not occur.

Step 5: Calculate damage avoided

A scheme’s level of service is used in conjunction with the RDCto calculate the portion of the
counterfactual flood damage thatis now avoided. The key assumption here is thata scheme
provides full protection from flood damage up to the level of service specified in the base data.
Figure 12 givesillustrates the change in flood damage forasite protected by a scheme with a 100
yearlevel of service.

Figure 12 Site specific avoided damages (PV form)
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A specificlevel of service can be represented by a percentage (%Los) thatis equivalent to the left
hand-side proportion of the total area underthe RDC, ie damage avoided as a percentage of the
counterfactual damage. To find the PV of damage avoided fora givensite, this percentageis simply
multiplied by asite’s CV and scheme rating percentage:

PV of damage avoided = %gr . CV . %p0s

These classifications and assumptions are combined to produce the following assumptions regarding
the benefitof aflood protection scheme (Table4). The matrix of percentages represents the flood
benefitasa proportion of a site’s capital value, given the level of service and scheme rating.

Table 4 Flood damage avoided as a percentage of site capital value

Level of Counterfactual Perceived flood benefit
service dan.lage High | Med | Low
aVOIdﬁ /dl Counterfactual damage as % of maximum flood damage (% SR)
(r0) 75% 50% 20%
10 62% (36%) 47% 31% 12%
50 90% (67%) 67% 45% 18%
100 95% (85%) 71% 48% 19%
200 98% (94%) 73% 49% 20%
500 100% (100%) 75% 50% 20%

Note:1UKexpected damages as a percentage of a 500 year flood in brackets

3.2.3 Difference inland value

For differencesinland use we examine the difference in value between current use and the
alternative use under the assumption of no protection orno drainage. Table 5 sets out our
counterfactual land use assumptions. It shows, for each land use, the assumption on the land use (or
vegetation cover) that would exist if the protection was not there. Forforestry and low value land
uses, itisassumed that there isno change inland use. But for some, highervalue land uses,
alternativesare required.

The raw data distinguishes between ‘high producing exoticgrassland’ and ‘low producing grassland’.
For some areasrepresented within the data, low producing grassland is more valuable (per hectare)
than high producing grassland. Thisis unintuitive and becomes problematicwhen low producing
grasslandis used as the counterfactual land use forthe high producing grassland. In other words, the
data impliesthat high producing exoticgrassland would be more valuablein absence of protection.
To avoid this confusion, we have merged thesetwo categoriesinto asingle land use (see Table 5).

Table 5 Counterfactual land use type by protection type and current land use

Simplified land use type Counterfactual land use type
Depleted Grassland Depleted Grassland
Exotic Forest Exotic Forest

High or Low Producing Grassland Non-productive land
Non-productive land Non-productive land
Orchard, Vineyard or Other Perennial Crop Non-productive land
Short-rotation Cropland Non-productive land

Tall Tussock Grassland Tall Tussock Grassland
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3.24 Adjustments for Population and Economic Changes

It iscommon forflood defence CBAs toinflate future avoided costs to accountfor the increasing risk
exposure of agrowingeconomy and population.*! Dataon natural disaster costs from Australia
supportthe application of this costing method.*? However, in this analysis, we are using land prices
as a proxy for the value of activity on the land. Land prices would be expected toincorporate future
expected value of activities, discounted to the present day. Given this assumption, we do not adjust
valuesfurther.

3.25 Inclusion of Wider EconomicBenefits (Multiplier Effects)

Current communities that are protected by RCFPD schemes have economic connections beyond the
geographical areain whichthey are based. Thisincludes businesses and other organisations
providing servicesto the community that would be affected by the flooding and which might suffer
financially if the community did not exist.

However, toinclude these wider economicactivities involves two questionable assumptions.

1. The counterfactual would needto be furtherrefined toone in which, inthe absence of flood
protection, the peoplecurrently located in the flood prone area would move to somewhere
completely different, such that they could nolongeruse those services. If they were simply
located close by, they might continue to use the services.

2. Theinclusion of widerbenefits would assumethat the out-of-area services are notbeing
provided efficiently, ie that the prices paid by the community for goods and services from
outside the flood-proneareado not reflect the costs of their provision.

To assume point1is to start to shift back towards a scenarioin which we speculate on how New
Zealand might develop differently in the absence of flood defence . This would raise the problems
associated with counterfactual option 1(see discussionin Section 3.1above).

Point 2 refersto efficient provision of goods and services and pricing at opportunity costs of supply
(coststo providers would fall in addition to revenues). Thisis the standard approach to CBA.To
adoptan approach in which these wider benefits are taken into accountis to shift towards EIA. This
can be used to measure the value of wider economicactivity associated with aregion, butit cannot
be usedinthis simple way to speculate on what the loss of economicactivity would be as a result of
change in currentdemand. The resources currently used to provide goods and services to the
existing flood-protected community would be reallocated to different things. There may some
overall reductionin economicactivity (and economicvalue) but we do not know how large it would

be. To count the fullamount from using, eg regional multipliers, would be to grossly over-estimate
the value.

3.3 Non-market Values

Section 2.1 above discussed the different cost categoriesand the need toinclude awide set of costs
of flooding, beyond simple estimates of damage to buildings and land uses. However, many of these
damages are highly localised and the estimates of costs are site-specific. Ratherthan analyse each
scheme interms of local characteristics, in this section we explore the extent to which generalised
ratios of marketto non-market (tangible tointangible) costs can be identified from studies
elsewhere and which might be used to estimate avoided damage costsin New Zealand.

41 Deloitte & Access Economics (2016) The economic cost of the social impact of naturaldisasters. Australian Business
Roundtable for Disaster Resilience & Safer Communities.

42 Risk Frontiers (2010) Bushfire Penetrationinto Urban Areasin Australia: A Spatial Analysis.
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3.3.1 Non-market cost estimation

A review of “asmall selection of existing literature” by Wyatt for an analysis of a lower Wairarapa
Valley development scheme,*® led herto adopt an assumption that humanimpacts (including risk to
life, injury, disruption and worry) are equal to direct damage to property, butonlyin cases where
the access to the dwellingis affected by flood.” Wyatt noted that, following areview of other
schemesin New Zealand and overseas, areport by Greater Wellington Regional Council assumed
that intangibles would be equalto the direct damage to urban and rural buildings (structural and
contents damage associated with floodwaters entering properties).**

These values might provide a useful basisforscaling up the initial assessment of damages avoided.

3.3.2 Insurance to economic costs

In Australia, Joy (1991)* used historical datato approximate ‘insurance costs to total costs’
multipliers foreach disastertype. Floods were estimated to cost around 10 times the value of
insured costsincurred. BTE notes that these estimates do notinclude intangible cost, and probably
contain a large degree of error due to their simplicity.*® Still, they have been used by anumber of
studies, including BTE, to roughly estimate the total tangible costs of natural disasters. Deloitte &
Access Economics estimate the flood multiplier (total economiclossestoinsuredlosses) to be
around 18 whenintangible costsare included.*’

3.3.3 Emergency costs multiplier

Middlesex University researchers observed that flood incidentsinthe UKin 2000 were accompanied
by significant emergency costs.*® These costs were quantified to be around 11% of property
damages. Therefore, property damages could be multiplied by 1.1 to estimate this costif better data
are unavailable. Studies of floodingin the UK in 2007 showed proportionately loweremergency
costs, around 5.6% of total property damage. These floods were more localised rather than
geographically dispersed flooding.

In Australia, Deloitte Access Economics (2013) found that, on average, emergency costs are 4% of
the insured natural disaster costs.*®

3.3.4 Health impacts

Alderman et al.*° assessed the effects of the 2011 Brisbane floods on residents’ physicaland mental
health. Theirresults are presented in odds ratios (ORs), which represent the association between an
exposure and an outcome. A statistically significant OR greaterthan 1 means exposure (iebeing
affected by a flood) is positively associated with agiven outcome. The largerthe OR, the greaterthe
association between exposure and an outcome. Using regression analysis, and controlling for as

43 WyattS (2015) Flood, drainage and erosion protection benefits of Lower Wairarapa Valley Development Scheme. Report
preparedfor Greater Wellington Regional Council. Sapere Research Group.

44 Greater Wellington Regional Council (2014) in Wyatt (op cit), p16

45 JoyCS (1991) The cost of naturaldisasters in Australia. Climate Change Impacts and Adaptation Workshop, Climatic
Impacts Centre, Macquarie University, New South Wales, Australia, 13—15 May.

46 Bureau of Transport [BTE] (2001) Economic costs of natural disasters in Australia, report 103.

47 Del oitte Access Economics (2016) The economic cost of the social impact of natural disasters. Australian Business
Roundtable for Disaster Resilience & Safer Communities

48 Middlesex University Flood Hazard Research Centre (2014) ACommon framework of flood risk management cost benefit
analysis features.

49 Del oitte Access Economics (2013) Buildingour nation’s resilience to natural disasters. Australian BusinessRoundtable for
Disaster Resilience and Safer Communities

50 Alderman, K., Turner, L.R., & Tong, S. (2013). Assessment ofthe health impacts of the 2011 summer floods in Brisbane.
Disaster medicine and public health preparedness, 7(04), 380-386.
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many factors as possible, they found residents whose households were directly affected by flooding
were:

e 5.3 timesmore likelytoreport poorerhealththan those not affected by the floods;
e 2.3 timesmore likelytoreportrespiratoryissues;

e 1.9timesmore likelytoreport psychological distress;

e 2.3 timesmore likelytoreportpoorsleep quality; and

e 2.3 timesmore likelyto have probable post-traumaticstress disorder (PTSD).

These probabilities could be matched with New Zealand statistics to estimate the number of
additional healthissues attributed to a given flood. We assume the magnitude of human health
impactsfroma flood is proportional to the population size of the affected area. As monetising
different health impacts would be difficult and impractical, we take a simplified approach and
include health impacts as part of the wider non-market/ intangible costs of flooding (see section
4.5.2).

4 Economic Analysis

4.1 Introduction

Table 6 lists the key components of the analysis used to derive scheme values. All involve the
comparison of factual (with schemes) and counterfactual (no schemes) scenarios. The valuation of
flood protection schemesin urban areas, where buildings are important, involves estimating the
difference in expected flood damage with and without the flood protection schemes, using the
analytical approaches discussedin section 3.2 above. This will vary with the level of service (return
period protected against) and the scheme rating (high, medium or low levels of protection). Inrural
areas, the approach taken depends on whether buildings are significant; the values are estimated as
the greater of the results usingthis same approach and a simpler method which compares current
capital values of the areas protected with values under some counterfactual scenario of adifferent
land use.

Table 6 Key elements used in scheme valuation

Scheme type Flood Flood Other Other
Land use type |Urban Non-urban Urban Non-urban
Approach Damages avoided Greater of damages Improvement value Difference inland
avoided or differencein value
land value
Factual Damages expected Land valuewith flood Capital valuewith Land valuewith flood
with flood protection |protection flood protection protection
Counterfactual |Damages expected Land valuewithout flood|Current land value Land valuewithout
without flood protection flood protection
protection
Data required |e Capital value e land value(LV) e Capital value e Land value(LV)
e Level of service e Average LV/Ha by land |e Land value e Average LV/Ha by
e Council scheme use type land usetype
rating

A simplervaluation method is used forriver control, tidal protection and drainage schemes, because
the analysis does notinvolve estimating factual and counterfactual damage levels. The analysisis
examiningthe difference in land value between the factual and counterfactual scenarios. Forurban
areas, scheme value is estimated to equal alocation’s improvement value (i.e. the difference
between land and capital value). For non-urban areas, protection value is estimated in the same way
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as for non-urbanflood protection schemes: the difference in land values between current use and
the expected use in the counterfactual (no scheme) scenario.

The analysis has been undertaken foreach of the council areas listed in Box 2.

Box 2 Regions/ Council areas analysed

Bay of Plenty Regional Council
Environment Canterbury
GisborneDistrict Council

Greater Wellington Regional Council
Horizons Regional Council
Northland Regional Council

Otago Regional Council
Southland Regional Council
Taranaki Regional Council
Tasman District Council
Waikato Regional Council
West CoastRegional Council

4.2

Raw Data

The data givento usincludesalist of land areas, the type of scheme, the level of benefit (including
flood return period), land use, and land and capital values (Table 7).

Table 7 Raw data variables and definitions

Data variable

Definition

Identification number

Identification number for land area

Council

Region in which areais located

Scheme

Name of scheme

Flood Level of Service

The approximatereturn period for flood protection schemes (inyears)

Flood Benefit

Level of flood benefit for a property (high, medium or low)

Drainage Benefit

Level of drainagebenefit for a property (high, medium or low)

River Benefit

Level of river management benefit for a property (high, medium or low)

Tidal Benefit

Level of tidal benefit for a property (high, medium or low)

CV Prorated

Capital valueofland area.Prorated as rows refer to only partof a property.

LV Prorated

Land value of area.

LCDB Name 2012

The detailed land cover descriptions

LCDB Simplified Class

Simplified land cover description

MB 2016

Census meshblock number

MB Percent The percent of the meshblock for the row

UA 2016 Census Area Unit number

UA Name Census Area Unit name

Hwy Number State Highway number for any SH intersecting the area covered by this row
Hwy Length The length (m) of SH intersecting this row

Area HA Area inhectares

Area m2 Area in metres squared

4.3 Flood Protection Schemes

For flood protection, we have valued the benefit provided for each land area using one of two

methods (see Table 2).

e For built-up areas (with residentialand other buildings) —the NPV of avoided damages; and
e Forotherareas —the difference inland values possible with and without protection.
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43.1 NPV of avoided damages

This methodis usedto value flood schemesin urban areas. It assumes that floods would damage the
existing buildings and land uses. Calculation of avoided damages requires an estimate of damage
withoutflood protection (counterfactual damage) and the proportion of this damage that would be
avoided with flood defence.

Accordingto the theory setout in Section 3.2.2, we estimate the counterfactual level of damage asa
percentage of the capital value (%sg); this percentage is determined by the scheme rating as
specified by councils (eg high, medium orlow). We use the scheme’s level of service to determine
the proportion of this damage that is avoided (%evel of service) - These calculations can be summarised
by the following equation:

PV OfEAD = CV. %SR- %LOS

Where: PV of EAD

Presentvalue of expected annual damage

cv = Capital value
%sr = Scheme Rating Percentage (seeTable 3)
%1os = Percentage of the counterfactual damage avoided

The two percentage values used in the avoided damage calculation (%peneri: aNd Bievel of service) €aN be
condensedinto asingle percentagevalue, the flood defence value percentage (FDVP), whichisthe
product of %s; and %,.s, as demonstrated in Section 3.2.2 such that:

PV of EAD = CV .FDVP

Table 4 contains FDVPs corresponding to each combination of scheme benefitand level of service.
Each land areaidentified inthe base datais assigned a FDVP based on the scheme benefit and the
level of service specified. These FDVPs are then multiplied by the land area’s capital value to
calculate the value of flood defence. Forexample, an area with a capital value of $110,000,
protected by a high benefitflood scheme with a 100-year level of service, will have a FDVP of 71%
(Table 4) and a flood protection value of $78,100 (71% x $110,000). To find the total value of flood
defenceinurbanareas, we sum all flood defence valuations and filter out all non-urban areas from
this calculation.

4.3.2 Difference in land value, with and without protection

This methodis usedto value all schemesinnon-urbanareas, and forvaluing drainage, tidaland river
managementschemesinurbanareas. Itisassumed that, in the absence of RCFPD schemes, all land
uses would change fromthose used currently. The maximum WTP of existing landowners to avoid
thisis equal to the differencein value between the currentland value and the average value of some
assumed alternativeland use. The alternative land use assumptions used are those shownin Table 5
on page 19.

To obtainthe difference inland value, with and without protection, we subtract the counterfactual
landvalue perhectare fromthe current land value perhectare and multiply the result by the
correspondingarea (in hectares).
A number of corrections have to be made:

e Some currentlandvalues are estimated as zero inthe base data. We assign a land value to

these areas, accordingto their respectiveregionalaverage value per hectare and land use
type, before the difference inland value calculationis applied.
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e Insome cases, the counterfactual land values are estimated to be higherthanthe current
land values. As thisisimplausible, we assign a SO difference in land values for such cases.

To obtainthe total value of protection, we filter out all urban areas and sumthe remaining values by
protectiontype.

4.4 Other Schemes

Schemes otherthanflood protection schemes, ie river control, tidal protection and drainage
schemes, do not have a level of service concept. The analysis assumes that the schemes have a
binary effectsothat theirpresence enables differentland uses and thus animprovementin land
value. The approach taken differs between rural and built-up areas.

e Built-upareas—the benefits are measured asthe land and improvement value attributable
to scheme; and

e Otherareas —the difference inlandvalues possible with and without protection.

44.1 Land and improvement value attributable to scheme

This methodis used to value drainage, tidal and river management schemesin urban areas. The
assumptionisthat, inthe absence of drainage, tidal and river management, the current
improvements (buildings) would not be present and that there would be differentland uses. We
calculate these effects separately.

An area’simprovementvalue isits capital value less the land value. We assume that this total value
islost if the drainage, tidal orriver management schemes are removedin urban areas. We calculate
and sumthe improvementvalues forevery individualurban land areain the data set.

4.4.2 Difference in land value, with and without protection
Thisis the same approach as used forflood protection schemes and is discussed above.

4.5 Other Components

4.5.1 Avoiding Double Counting

Many of the individual areas within the raw data receive a benefitfrom more than one type of
protection. To avoid double counting of scheme benefits, we only use the maximum relevant
scheme value insuch cases. For example, an urban area is protected by a flood protectionand a
river management scheme; we attribute the combined value of protection to be the greaterof the
NPV of damage avoided and the improvementvalue.

4.5.2 Accounting for non-market/intangible costs

Section 3.3 sets out assumptions used in past studies to factorin damages that cannot be easily
guantified. We follow the assumptions used by both Wyatt>! and the Greater Wellington Regional
Council*?and assume that for urban areas, intangible loss is 100% of the direct damage estimate. As
the magnitude of intangiblelossis proportionate to the population affected by aflood, we use a

51 WyattS (2015) Flood, drainage and erosion protection benefits of Lower Wairarapa Valley Development Scheme. Report
prepared for Greater Wellington Regional Council. Sapere Research Group.
52 Greater Wellington Regional Council (2014) in Wyatt (op cit), p16

25



smallerdirect cost multiplier for non-urban areas. Statistics NZ°>3 report the average population
density ofindependenturbanareasis 265.9 people persquare kilometre. For rural areas, this value
is 6.5 per square kilometre. Given this difference in population density, we scale up direct damage
costs by 2.4% (6.5/265.9) to accountfor intangible lossin non-urban areas.

4.6 Summary of Results

The overall results are shownin Table 8. Flood protection schemes have the greatest total value,
followed by areas with multiple schemes, drainage schemes, river management schemes and tidal
managementschemes. Thisis partly explained by the respective capital value protected by each
scheme type: flood protection only ($143b), mixed protection ($35.1b), drainage only ($21.8), and
rivermanagementonly ($5.51). There are no areas subject to tidal protection only.

Table 8 Summary of Gross Benefits (20165 millions)

Protection type Land type Estimated benefit (PV) Annual benefit
4% DR 6% DR
Flood only Built-up area $134,601 $5,177 $7,619
Other land usetype $12,553 $483 S$711
Total $147,154 $5,660 $8,329
Drainageonly Built-up area $12,796 $492 $724
Other land usetype $629 S$24 $36
Total $13,424 $516 $760
River Management only | Built-up area $2,167 $83 $123
Other land usetype $83 $3 $5
Total $2,250 $87 S127
Multipletypes Built-up area $34,631 $1,332 $1,960
Other land usetype $895 $34 $51
Total $35,526 $1,366 $2,011
Total $198,354 $7,629 $11,228

Note:DR =discountrate

Figure 13 shows a regional breakdown of total flood benefits and benefit-cost ratios (BCRs). Costs
usedinthe BCRs are the presentvalue of a council’s stated annual operating expenditure on flood
defence. The treasury’s preferred discount rate of 6% is used for these calculations. Environment
Canterbury has the greatest total flood benefit (5108b) and BCR (552). Valuesin otherregionsrange
significantly, forexample, the West Coast region is estimated to benefit $0.27b and has BCR of 3,
while the Hawkes Bay has a total benefit of $28b and a BCR of 303.

53 Statistics NZ (2001) New Zealand: Urban/Rural Profile. Retrieved from
http://www.stats.govt.nz/browse_for_stats/Maps_and_geography/Geographic-areas/urban-rural-profile/main-urban-

areas/people.aspx
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Figure 13 Flood benefit (Smillions) and BCR by region
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Regional variation of flood benefit values is largelyexplained by the differencesinthe amount of
urban land protected, asillustrated in Figure 14. The significant non-market value associated with
protecting urban land (such as the value of human life) means that regions with alarge amount of
urban land protected will yield greater benefits from flood defence.

Figure 14 Flood benefit (Smillions) and CV of urban land by region
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Similarly, differences in BCRs by council are largely attributable to the protected land’s composition

of urbanand non-urban land use types. Figure 15shows that regions which owe most of their
protectedland CV to urbanland use types tend to have higher BCRs. Again, thisis due to the high

non-marketinflation factorgiventourban land use, aswe would expect more damage to human life

and health (the main components of non-market costs) in such areasin the event of a flood.
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Figure 15 Relationship between BCR and non-urban land by region
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Appendix F:  Regional Benefit Tables







Regional Benefit Tables

e Estimated benefit = PVform
e 4% and 7% = discount rate for annualised values

e Allvaluesare $millions

Bay of Plenty Regional Council

Protectiontype Land type Estimated benefit 4% 7%
Flood only Built-up area $2,177 S84 $142
Otherland use type $176 S7 S11
Total $2,353 $S90 $154
Drainage only Built-up area $301 S12 $20
Otherland use type $49 S2 S3
Total $351 $13 $23
River Managementonly Built-up area
Otherland use type
Total
Tidal Built-up area
Otherland use type
Total
Multiple types Built-up area $785 S30 $51
Otherland use type S67 S3 sS4
Total $852 S33 $56
Total $3,556 $137 $233
Protectiontype Land type Estimated benefit 4% 7%
Flood only Built-up area $96,989 $3,730 $6,345
Otherland use type $7,716 $297 $505
Total $104,705 $4,027 $6,850
Drainage only Built-up area $198 S8 $13
Otherland use type $11 $0 $1
Total $209 $8 $14
River Management only Built-up area $183 S7 $12
Otherland use type $25 $1 $2
Total $208 $8 $14
Tidal Built-up area
Otherland use type
Total
Multiple types Built-up area $2,537 S98 $166
Otherland use type $174 S7 S11
Total $2,712 $104 $177
Total $107,834 $4,147 $7,055

(see end of documentfor EC
excluding Christchurch city data)




Gisborne District Council

Protectiontype Land type Estimated benefit 4% 7%
Flood only Built-up area $27 S1 S2
Otherland use type S16 S1 S1
Total $42 S2 S3
Drainage only Built-up area $6,939 $267 $454
Otherland use type $63 S2 $4
Total $7,002 $269 $458
River Managementonly Built-up area
Otherland use type
Total
Tidal Built-up area
Otherland use type
Total
Multiple types Built-up area $166 S6 S11
Otherland use type $26 s1 S2
Total $192 S7 $13
Total $7,236 $278 S473
Greater Wellington Regional Council
Protectiontype Land type Estimated benefit 4% 7%
Flood only Built-up area $10,803 $416 $707
Otherland use type $S904 S35 S59
Total $11,708 $450 $766
Drainage only Built-up area $0.00 $0.00 $0.00
Otherland use type $0.06 $0.00 $0.00
Total $0.06 $0.00 $0.00
River Managementonly Built-up area
Otherland use type
Total
Tidal Built-up area
Otherland use type
Total
Multiple types Built-up area
Otherland use type $0.27 $0.01 $0.02
Total $0.27 $0.01 $0.02
Total $11,708 $450 $766




Hawkes Bay Regional Council

Protectiontype Land type Estimated benefit 4% 7%
Flood only Built-up area $169 S6 S11
Otherland use type $280 S11 $18
Total $448 S17 $29
Drainage only Built-up area
Otherland use type
Total
River Management only Built-up area $45 S2 S3
Otherland use type S5 SO S0
Total $50 S2 S3
Tidal Built-up area
Otherland use type
Total
Multiple types Built-up area $26,968 $1,037 $1,764
Otherland use type $221 S9 S14
Total $27,190 $1,046 $1,779
Total $27,688 $1,065 $1,811
Protectiontype Land type Estimated benefit 4% 7%
Flood only Built-up area $13,532 $520 $885
Otherland use type S576 S22 S38
Total $14,108 $543 $923
Drainage only Built-up area S78 S3 S5
Otherland use type $38 S1 S2
Total $116 sS4 S8
River Managementonly Built-up area $792 S30 $52
Otherland use type S7 S0 S0
Total $799 S31 $52
Tidal Built-up area
Otherland use type
Total
Multiple types Built-up area $266 S10 S17
Otherland use type $16 s1 s1
Total $282 $11 $18
Total $15,305 $589 $1,001




Protectiontype Land type Estimated benefit 4% 7%
Flood only Built-up area $422 S16 $28
Otherland use type $31 S1 S2
Total $453 S17 $30
Drainage only Built-up area
Otherland use type
Total
River Managementonly Built-up area
Otherland use type
Total
Tidal Built-up area
Otherland use type
Total
Multiple types Built-up area $72 S3 S5
Otherland use type S9 SO s1
Total $81 S3 $5
Total $534 S21 S35
Protectiontype Land type Estimated benefit 4% 7%
Flood only Built-up area $6,926 $266 $453
Otherland use type $1,292 S50 S84
Total $8,218 $316 $538
Drainage only Built-up area $1,066 s41 S70
Otherland use type S8 o) s1
Total $1,074 $41 $70
River Managementonly Built-up area $10 o) s1
Otherland use type S0 S0 S0
Total $10 $0 $1
Tidal Built-up area
Otherland use type
Total
Multiple types Built-up area $19 S1 s1
Otherland use type S2 o) S0
Total $21 $1 $1
Total $9,322 $359 $610




Southland Regional Council

Protectiontype Land type Estimated benefit 4% 7%
Flood only Built-up area $1,346 S52 $88
Otherland use type $592 S23 $39
Total $1,938 S75 $127
Drainage only Built-up area S44 S2 S3
Otherland use type S14 S1 s1
Total $58 S2 $4
River Managementonly Built-up area $239 S9 S16
Otherland use type S11 SO S1
Total $250 S10 S16
Tidal Built-up area
Otherland use type
Total
Multiple types Built-up area $240 S9 S16
Otherland use type S9 SO s1
Total $249 $10 S16
Total $2,495 $S96 $163
Protectiontype Land type Estimated benefit 4% 7%
Flood only Built-up area
Otherland use type
Total
Drainage only Built-up area
Otherland use type
Total
River Managementonly Built-up area
Otherland use type
Total
Tidal Built-up area
Otherland use type
Total
Multiple types Built-up area $465 S18 $30
Otherland use type SO o) S0
Total $465 $18 $30
Total $465 $18 $30




Tasman District Council

Protectiontype Land type Estimated benefit 4% 7%
Flood only Built-up area
Otherland use type
Total
Drainage only Built-up area
Otherland use type
Total
River Management only Built-up area $842 $32 $55
Otherland use type S35 S1 S2
Total $877 S34 $57
Tidal Built-up area
Otherland use type
Total
Multiple types Built-up area $1,770 S68 S116
Otherland use type $35 s1 S2
Total $1,804 S69 $118
Total $2,681 $103 $175
Protectiontype Land type Estimated benefit 4% 7%
Flood only Built-up area $2,210 S85 $145
Otherland use type $972 $37 S64
Total $3,182 $122 $208
Drainage only Built-up area $4,170 $160 $273
Otherland use type S445 S17 $29
Total $4,615 $178 $302
River Managementonly Built-up area $55 S2 $4
Otherland use type S1 S0 S0
Total $55 82 $4
Tidal Built-up area
Otherland use type
Total
Multiple types Built-up area $1,337 S51 $87
Otherland use type $70 S3 S5
Total $1,407 S54 $92
Total $9,259 $356 $606




West Coast Regional Council

Protectiontype

Land type

Estimated benefit

4%

7%

Flood only

Built-up area
Otherland use type
Total

Drainage only

Built-up area
Otherland use type
Total

River Managementonly

Built-up area
Otherland use type
Total

Tidal

Built-up area
Otherland use type
Total

Multiple types

Built-up area
Otherland use type
Total

$6
$265
8271

S0
$10
$10

S0
817
$18

Total

§271

$10

818
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