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1. Introduction
An extreme weather event in March 2019 severely 
impacted a historic landfill at Fox River on the West 
Coast. It prompted a multi-agency response to 
identify risk from legacy landfills. 

Tonkin + Taylor (T+T) has been working alongside 
Environment Canterbury (ECan) with the Ministry 
for the Environment (MfE), Local Government New 
Zealand (LGNZ) and the Department of Conservation 
(DoC), to develop a nationally applicable tool for 
assessing landfill risk to natural hazards associated 
with climate change.

Designed for councils and government agencies, 
the scalable tool identifies climate change related 
risks and helps prioritise the adaptive management 
of the highest risk landfills, based on their 
exposure, vulnerability, and criticality to identified 
climate change related hazards. It enables users to 
customise prioritisation based on values of their 
communities, using receiving environment criteria 
that can be locally defined. 

With three pilot study regions (Canterbury, 
Southland, West Coast), the team adopted a phased 
approach; Phase 1 developed core principles, Phase 
2 outlined the risk assessment methodology as 
‘proof of concept’ using council-held data, with 
Phase 3 “ground truthing" the model.

A worthy contender for the “Excellence in Asset 
Management” category, the project  

•   Provides environmental safeguards with a tool 
that identifies/assesses at-risk landfills 

•  Adopted techniques that simplified complex 
geospatial analysis

•  Used a stakeholder-led process to guide 
development

•  Consolidated large and diverse datasets with 
substantial variations (quantity and quality) 

•  Underpins prioritised spending on at-risk legacy 
landfills to help prevent another ‘Fox River’ 

•  Represents exceptional value-for-money for a tool 
that can be used without additional consulting 
input/cost 

.
Key contacts

Alex Cartwright - Tonkin + Taylor  
Climate and Risk Consultant BSc (Hons), 
MSc, FRGS, MCIWM

T: +64 3 367 8852   
M: +64 2 7293 0455  
E: acartwright@tonkintaylor.co.nz
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2.  Planning
In March 2019 the West Coast was battered by 
torrential rain for days on end. The extreme weather 
caused widespread damage in the region and 
exposed a disused (legacy) landfill at Fox River (near 
Fox Glacier township) which had been severely 
eroded by the river. As a result, tons of rubbish 
became exposed and dislodged in an area that is part 
of a World Heritage Site. About 64km of coastline 
was strewn with rubbish including several of the 
region’s pristine beaches.

With the impact of natural hazards acutely felt, 
this event critically highlighted the vulnerability of 
landfills to natural hazards, especially in the case 
of old landfills on historical sites near waterways 
and coastal areas. It also highlighted the gaps 
in knowledge regarding the precise location and 
characteristics of closed landfills, often non-
engineered and informal in nature. 

This learning prompted a ministerial push to 
understand the risk from other landfills. It led to a 
multi-agency response to develop a risk assessment 
tool that could be applied nationwide and would help 
councils identify landfills that might be exposed and 
vulnerable to climate change hazards.

However, developing a landfill assessment tool that 
allows the quantification and ranking of landfill 
risk from multiple climate change hazards, for use 
by multiple organisations with differing quantity 
and quality of reported information, was a complex 
undertaking.

T+T adopted a measured approach to plan thoroughly 
and to accommodate the substantial number of 
variables that defined the project, e.g. classifications, 
data availability, stakeholder and Treaty partners, 
and assessment methodology. 

Project success hinged largely on access to adequate 
nationwide spatial data for hazards and landfill 
information regarding specific attributes that 
influence their vulnerability.

Phase 1 therefore established the parameters of the 
assessment, specifically:

•  Review of closed landfill risk assessment 
methodologies in context of climate change

•  Survey councils and related organisations to 
determine existing information (climate change 
hazards and landfill attributes), with a focus on 
metadata

•  Stakeholder Workshop to confirm values and 
associated assessment method

Scoping 
exercise

Develop 
feasible 
approach and 
methodology

Understand 
which sites could 
be impacted by 
climate change

Selected 
prioritised sites

High-level risk 
screening

Detailed case 
study risk 

assessment

Risk Assessment Framework combining ISO standards and IPCC principles

Risk
Hazard 

likelihood 

(exposure)

Vulnerability
Consequence 

(Criticality) 

Combined Consequence

Phase 2 used council-held data for this pilot study 
and applied it to landfill sites in Canterbury, the 
West Coast and Southland. The phase delivered:

•  Risk assessment framework, utilising an 
adapted ISO:31000 approach to quantify risk 

•  Risk assessment methodology in consideration 
of hazard likelihood, vulnerability based on 
landfill attribute, combined likelihood of damage, 
consequence, and risk.

•  Operational dashboard providing interactive 
mapping of landfills which can be interrogated 
and prioritised based on their risk to one or more 
climate related hazards.

•  A report written as a guide to support other 
organisations utilise the tool.

This phase was intended as a ‘proof of concept’ 
of the tool while allowing for the development 
and refinement of a detailed assessment to 
be completed in Phase 3 which is yet to be 
conducted.

Photo Courtesy of DoC

Combined Likelihood



5IPWEA Annual Excellence Awards 2021 - National Climate Change Landfill Assessment Tool

PwC Building, Wellington Waterfront 

- ACENZ Innovate Awards Of Excellence 2019

IPWEA Annual Excellence Awards 2019 

Environment and sustainability category

3  Excellence and Innovation
The development of the risk assessment tool was 
constrained by critical factors such as the dearth 
of nationally applicable hazard data and the lack of 
standardisation of existing landfill information. The 
project team had to address these shortcomings 
while providing a tool that would reliably deliver 
information with a degree of accuracy that’s 
commensurate with the initial data it was based on.

In order to identify the quality and availability 
of data, the project team developed a detailed 
stakeholder survey. With a focus on metadata, the 
team examined available data related to hazard 
exposure, vulnerability and criticality, focusing on 
both hazard information and landfill attributes.

Needless to say, standardisation was a critical 
success issue. Given the large number of variables 
and the huge uncertainty regarding data quality, 
quantity and/or availability across councils, the 
project demanded a great deal of technical and 
professional excellence in identifying a data/
assessment ‘sweet spot’ – the Goldilocks level of 
data input that is achievable by all councils and 
yields good results. To allow application across 
the board, the tool was designed to accommodate 
paucity of data by allowing default values to be 
entered where specific data is not available.

This approach helped develop a tool that could 
navigate the vast number of datasets that exist 
in this space, while being simple enough to use. 
Through focusing on the overall objective as 
established by ministerial direction, the tool 
provides a systematic way to initially rank landfills 
based on their risk to climate change hazards, 
allowing asset owners to prioritise their next steps.

The Phase 2 - Pilot Study report also serves as a 
further measure of excellence. It was written to 
meet the reporting requirements while also serving 
as a How-to guide for other councils. This dual 
objective represents a highly efficient and effective 
modus operandi. It ensures that the process can 
be readily replicated by other councils and related 
organisations in-house, without the need for 
additional consultant input. Thus, this approach 
eliminates the dependency on a consultant and the 
associated additional costs.

To enhance the usability of the tool, the team 
designed a digital web application. This spatial 
data viewer (operational dashboard) allows live 
interaction with the data, interrogation of landfills at 
a site, region and national level. The interface clearly 
visually identifies the risk at each landfill by way of 
a controlled method to understand key summaries 
based on the individual hazards assessed.

Moreover, the tool allows reviewing and adjusting 
ratings in the field. In this regard, Phase 3 will see 
some notable extensions of the tool, specifically the 
integration of a phone app and a desktop app that 
enables site level review and adjustment of risk 
ratings based on site level information. This ground 
truthing step is fundamental to capture the more 
detailed information gained above which was input 
into the initial screening model.

Additionally, the team are currently working on the 
provision of a suitable audit trail and alignment with 
existing asset management systems (such as the 
HAIL database) to provide a single source of truth 
for organisations assessing landfill risk from 
climate change.

An important driver of excellence was simplifying 
the complex geospatial analysis. This was largely 
achieved with a scripting approach which 
ensured that:

• the model could run in the background

• underlying data was updated

• risk ratings would update automatically

Further, the user experience focus which drove 
the planning of the communications tool / the 
dashboard was vital for its overall success. This 
is evidenced by the welcome screen of the online 
viewer which was conceived as a how-to guide. 
It succinctly explains how to interact with the 
tool utilising annotated examples by way of a 
screenshot of the tool. This approach was warmly 
received as it greatly reduces confusion (often 
commonplace with comparable online tools) and 
ensures that users get the best value from the tool. 

Ultimately, the risk assessment tool provides 
councils with the necessary information and 
prioritisation techniques to enhance and inform 
their existing knowledge and expertise. Importantly, 
the project effectively promotes nationwide 
learning about the risk of landfills to natural hazards 
associated with climate change.
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4  Stakeholder engagement
The stakeholder consultation process crucially 
guided the entire project. Having a trained facilitator 
through International Association of Public 
Participation (IAP2) on the project team ensured that 
stakeholder engagement was aligned to the IAP2 
Spectrum of Participation, looking beyond informing 
stakeholders to collaborating and empowering 
them to take action.

Right from the outset, and long before the tool was 
designed, stakeholder engagement played a leading 
role. Accordingly, the project team collaborated 
with central and local government and the wider 
stakeholder group to determine the objective/
purpose of the tool, namely:

•  Apply an established methodology to identify, 
quantify and prioritise climate change-related 
risks for landfills across New Zealand; 

•  Be designed to provide meaningful outputs for 
organisations across New Zealand with limited 
time implications for users; and 

•  Be scalable and flexible when assessing sites both 
within and between regions, addressing variation 
in data quality and quantity, where possible. 

Stakeholder input was paramount as evidenced 
by the Stakeholder Metadata Survey as a central 
element of Phase 1. Since the tool relied on data 
input, it was a prerequisite for the project to assess 
the availability and quality of data. Accordingly, the 
stakeholder survey was structured around hazard 
exposure, vulnerability and criticality, focusing on 
both hazard information and landfill attributes.

While some national hazard datasets for climate 
change exist, the situation varies around the 
country. The survey therefore explored the spatial 
coverage of hazard information, along with its 
detail and relevance. The landfill-related part of the 
survey, by contrast, explored whether information 
was held about landfill attributes that could 
influence its vulnerability or criticality from 
climate hazards.

The metadata survey highlighted a great deal of 
variation in the type of geospatial hazard maps that 
are held by councils, e.g. 24 of 38 councils hold river 
flooding hazard maps. The variation is further borne 
out by councils typically having either 70-90% of 
their catchments modelled, or a mere 0-20%.

At a subsequent Stakeholder Workshop with ECan, 
MfE, members of the Significant Interest Group 
(SIG), LGNZ and DoC, the project team presented 
the process used to investigate options for the risk 
assessment tool, and the outcomes of the review of 
existing risk assessment tools. 

Participants’ contribution was sought on the 
objectives of the tool, the desirable level of detail, 
and how data gaps should be managed. This 
input provided important guidance regarding the 
users of the tool and definition/taxonomy issues. 
Importantly, it also led to the tool being designed to 
accommodate limited information with an option to 
increase the level of information. This was achieved 
with a tiered approach. Similarly, poor quality of 
data (i.e. “null” or “default” values) was identified as 
concern which led to a mechanism that identifies 
the quality of data.

The project team has engaged with a range of 
stakeholders to design and test the tool, including 
various councils (ECAN, ES, West Coast), DoC and 
mana whenua through Ngāi Tahu.

Wider stakeholder consultation is ongoing with 
Rūnanga /public this year, stepping though the 
spectrum of participation from education (inform) 
through to collaboration and empowerment of our 
communities to act.
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5  Community and Economic   
 Contribution
The impact of natural hazards and climate change 
is increasingly felt across the globe and serves as 
a constant reminder for vigilance and resilience. 
However, the specific risk to legacy landfills was laid 
bare in March 2019 when a 100-year storm ripped 
open the disused Fox River landfill causing rubbish 
being deposited along 21km of river and a 64km 
long stretch of coastline in a pristine environment; 
the renowned UNESCO heritage site was suddenly 
desecrated with decades’ worth of rubbish. 

This project helps to ensure that councils across 
New Zealand gain a thorough understanding of 
this pressing issue. Most importantly, it offers an 
easy-to-use tool that provides a consistent means 
of identifying and prioritising landfills which may be 
at risk when exposed to specified climate change-
related natural hazards.

In light of the original event that triggered this 
project, its benefits to the community are profound 
because the identification of at-risk landfills allows 
councils to prioritise maintenance work. Thus, it 
enables organisations to keep landfills safe from 
climate change hazards and prevent a similar, if not 
worse, scenario as the one that recently unfolded. 

The impact of this event continues to be felt most 
keenly by locals, visitors and various authorities 
involved in the massive manual clean-up operation 
which took place over more than a year, involving 

nearly 1,000 volunteers, local councils and DoC. 
What’s more, the clean-up aftermath includes 
$3.3M Government funding towards the eventual 
removal of the landfill.

Thanks to the risk assessment tool, councils across 
New Zealand will be able to effectively prioritise 
further investigations and work. With more than 
3,000 landfills to consider across only 20% of the 
country (based on 3 out of 16 participating regional 
councils), this tool is pivotal in that it provides a 
systematic and consistent ranking of at-risk landfills 
and allows councils to address the more concerning 
landfills first.

For our communities, this not only enables better 
investment of rate payer funds, but also provides 
confidence that, through understanding risk, 
asset owners are better informed when making 
decisions regarding the longevity of landfills in a 
constantly changing world. With every individual 
producing waste, this tool contributes to every 
New Zealander’s action on climate change, helping 
to protect their waste from being part of another 
environmental disaster.

Raising awareness and enhancing the level of 
understanding is a critical first step along the 
journey towards adaptation. Accordingly, this tool 
provides the vital background that allows councils 
to make sound economic decisions with finite 
finances, which ultimately also benefits ratepayers 
and taxpayers.
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6  Project (Business)    
 Sustainability
As outlined earlier, the project team utilised a 
stakeholder-centric approach to help identify the 
(sustainable) needs of the community as defined by 
local authorities.

The landfill risk assessment tool contributes to 
sustainable outcomes insofar as it helps local 
government prioritise the adaptive management of 
potentially vulnerable landfills. 

While the landfill concept uneasily partners with the 
drive for sustainability, both small and large landfills 
play a role in our sustainable future. However, the 
issue of legacy landfills is very real and potentially 
poses an acute risk to New Zealand communities, 
our environment and our national reputation as a 
“100% pure” tourist destination. 

The ability to assess and rank the many legacy 
landfills across New Zealand brings this “out-of-
sight-out-of-mind” issue into the spotlight and 
allows it to be appropriately addressed in a 
timely manner.

Fundamentally, the project delivers outstanding 
outcomes in key sustainability areas:

Economic outcomes
Proactively identifying future issues and 
opportunities enables early response and better 
economic outcomes, as changes and consequent 
adaptations can be prepared for.

By collaborating with a wide range of stakeholders, 
the project ensures that their needs are considered, 
their economic impacts can be mitigated, and 
opportunities developed. 

Identifying opportunities for monitoring to have a 
decision-making impact allows councils to act in a 
timely manner, rather than with haste or too late, 
saving resources and finite public funding while 
enhancing outcomes.

Social outcomes 
The involvement of community stakeholders 
established a positive working relationship, and 
empowered them to be involved in planning solutions 
and taking action as appropriate. The stakeholder 
collaboration also ensured that all aspects of the 
tool are robust and realistic, promoting reliable 
prioritisations and recommendations for adaptive 
management of vulnerable landfills.

The stakeholder approach went well beyond 
‘information delivery’; it achieved a high degree 
of education about climate change risks, specific 
vulnerabilities and knowledge about priorities. The 
continuing deep stakeholder engagement has built 
strong partnerships to continue the journey. Further, 
it is leading to better understanding of specific climate 
change risks within the wider community while the 
tool promotes better management for our collective 
waste.

Environmental outcomes
The strong representation of environmental 
organisations as stakeholders ensures environmental 
impacts are considered and accounted for. 

The environmental business case for the project 
is compelling as it promotes sensible spending on 
landfill maintenance. The result of inaction would be 
an unthinkable environmental and financial burden if, 
or rather when, the risk comes to fruition. This project 
ensures that landfills that are highly exposed to 
climate change hazards are also accurately identified 
and managed as such, rather than being left to 
languish as a metaphorical time bomb.

Cultural outcomes
The inclusion of mana whenua through Ngāi Tahu 
as stakeholders ensured a holistic Te Ao Māori 
perspective, with consideration for the needs and 
priorities of tangata whenua. 

Mana whenua are directly involved as stakeholders in 
the project. This project provides a dataset as starting 
point for landfill locations and honours the principles 
of partnership, participation, and protection, which 
underpin the relationship between the Government 
and Māori under the Treaty of Waitangi.
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7  Regulatory Environment   
 & Environmental Impact and  
 Management
By its very nature, the project is designed to help 
councils avoid the significant environmental impact 
of another Fox River scenario. As such, the risk 
assessment tool makes a tremendous contribution 
to the receiving environment by virtue of identifying 
and assessing landfills that are exposed to climate 
change risk. 

Under the Resource Management Act, Regional 
Councils (and Unitary Authorities like Auckland) 
and Territorial Authorities regulate contaminant 
discharges to land, air and water. They identify 
and monitor contaminated land and mitigate the 
adverse effects of using contaminated land. 

However, the specifics can vary significantly. Thus, 
in many instances territorial authorities may in fact 
own land or be responsible for the activity that has 
resulted in the discharge, and they may therefore 
have obligations in that regard. This may also 
include situations where old council landfills are on 
private land.

Furthermore, councils’ responsibility extends to 
natural hazards, including the management of 
waste and hazardous substances associated with 
natural disasters.

Until recently, these responsibilities existed in a 
virtual knowledge vacuum – a dearth of information 
regarding individual landfills. There was simply no 
basis for the necessary risk-based knowledge.

The Landfill Risk Assessment Tool represents the 
vital missing link which benefits both Regional 
Councils and Territorial Authorities (in addition 
to providing a host of other benefits as outlined 
elsewhere in this submission):

•  The tool enables Regional Councils to identify and/
or prioritise sites they regulate. 

•  In the case of Territorial Authorities the tool allows 
them to prioritise sites they’re responsible for, 
including instances where they are landowner or 
where they may have some prior responsibility.

According to the MfE’s Hazardous Activities and 
Industries List (HAIL), landfills count among the 
53 different activities that are considered likely to 
cause land contamination resulting from hazardous 
substance use, storage or disposal. 

However, for the purposes of climate change 
risk assessment it’s important to consider that 
key attributes of landfills vary substantially e.g. 
age, location, size and waste content. What’s 
more, there are various ownership and operating 
scenarios: while many landfills are located on 
private land, some are sited on public land but are/
were privately operated. Others still are current or 
former council or government facilities.

The Fox River incident has keenly focussed 
attention on the identification and management 
of landfills that are already vulnerable to natural 
processes, or on those that may be vulnerable 
to future natural events. As a result, a number of 
legacy landfills have been assessed by councils 
and have prompted increased demand for local and 
central government funds to manage the existing 
or potential environmental effect.

Landfill responsibility scenarios clearly vary 
wildly; while councils may not necessarily be 
directly responsible for managing all landfills, they 
nonetheless desire to be proactive in identifying 
future landfill-related issues. In light of the sheer 
number of landfills that are known or suspected to 
exist, this required a means of prioritising landfills 
for investigation and/or management. 

The Landfill Risk Assessment Tool represents an 
elegant, efficient and effective solution to support 
the identification and prioritisation of at-risk 
landfills.
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In fact, flexibility is a hallmark of the project 
management. This is evidenced by the potential 
for further development and refinement of the 
detailed assessment to be carried out in Phase 3. 
Limitations in the datasets may be refined within 
the final model approach. Additionally, the project 
recommendation includes a review and refinement 
of datasets related to the receiving environment.

Thanks to a core philosophy, underpinned by 
holistic thinking and with a main emphasis on 
planning, the project achieved notable savings 
throughout. 

The adage “lots of planning, little doing” neatly 
describes the chosen approach. It permitted a 
significant time investment upfront which in turn 
allowed the team to design a tool that met, and 
likely exceeded, project objectives while enabling 
savings throughout the project.

Adopting a holistic thought process was invaluable 
as it ensured that the developed tool is fit for 
purpose through building the baseline proof of 
concept that can be readily scaled up into a fully 
functioning tool at a national level.

A similarly focused planning approach regarding 
the audience and the targeted deliverables, as well 
as early buy-in from stakeholders, also produced 
cost savings that could be passed on to the user 
and aided management.

8  Project Management
The project delivery is being carried out within three 
distinct phases:

PHASE 1:  (Completed)
Scoping exercise to develop a feasible approach and 
methodology which is scalable across local, regional 
and national level, based on available information.

PHASE 2:  (Completed)
High-level risk screening of landfill sites in 
Canterbury and the West  Coast to understand 
which sites might be impacted by which potential 
climate change stressor.

Three distinct stages:  
• Exposure (identifying exposed sites)

•  Vulnerability (exposed sites are screened against 
‘vulnerability’ criteria e.g. construction type, age)

•  Criticality (potential consequence of an incident by 
way of multi-factor assessment e.g. presence of 
contaminants – dependent on information held by 
councils)

PHASE 3:  (Scheduled)
Detailed ‘case study’ risk assessment for selected 
sites in Canterbury and the West Coast based on the 
outcomes of Phase 2

•  Identification of key areas for refinement 
of assumptions through assessment of 
‘case-study’ sites

•  Development of detailed assessment editable tool 
and user guide

• Screening of additional landfill sites

The project management approach was closely 
aligned with the needs of council clients. 
Importantly, it allowed for the desired amount of 
flexibility in refining the project as it progressed. 
Examples of such project refinements include:

•  Asset data guides to streamline time spent by 
council staff on data requests

•  Flexible approach to engagement during COVID to 
maintain momentum

•  Agile risk management and continuous 
improvement principles enabled lessons to be 
identified and learned during rather than after 
the project.
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Appendix A: Static annotated of tool web viewer 
Note images provided in confidence for the sole purpose of award assessment. These are not to be 
publicised without prior consent
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Appendix B: Client Quote

"The model is an excellent high-level prioritsisation tool, especially for regions where there 
are high numbers of landfill sites. In Canterbury we have over 1500 G3 HAIL sites, so having 
the model saved us from having to manually assess and review each site. The model has 
been developed so that it can be added to and adjusted if further information is obtained 
about a site, or if additional GIS layers become available. Environment Canterbury is using the 
model to communicate risks to landowners, and to prioritise sites for further assessment."

Senior scientist - contaminated land, Environment Canterbury
Stephen Gardner


