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Multihazard risk assessment

What are the new advances in understanding and modelling individual, cascading
and coincident hazards, and how are they being applied to improve hazard risk
management?

Speakers:

e Graham Leonard, GNS Science (Chair)
Bill Fry, GNS Science
Mark Dickson, University of Auckland
Stuart Mead, Massey University
Richard Turner, NIWA
Christina Magill, GNS Science
Juan Monge, ME Research
Anthony Cole,Te Toi Ohanga
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Mapping at local scale with national coverage

e >400AOQOlI’s

 Mapped cliff top, storm ridge, edge of (dune) vegetation
* Max coastline positions (22)

* National average of 8 coastline positions for each area

—— Ohiwa_28FEB2023 —— Ohiwa_03FEB2020 —— Ohiwa_26APR1974 —— Ohiwa_290CT2008 —— Ohiwa_120CT1945
——— Ohiwa_300CT2022 —— Ohiwa_020CT2018 —— Ohiwa_08APR2013 ——— Ohiwa_23SEP1983
——— Ohiwa_02JAN2022 —— Ohiwa_16APR2015 —— Ohiwa_16MAR2012 —— Ohiwa_10SEP1971
— Ohiwa_20DEC2021 —— Ohiwa_03DEC2014 —— Ohiwa_25MAR2010 —— Ohiwa_6MAR1965
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 Coastal change is complex and diverse, but there are patterns
* Baseline provided for projections, and untangling drivers

CHALLENGES
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7 cliff-top positions
show~105 m
erosion in front of
New Plymouth
Airport (1950 and
2022)

Rate of coastal change (m/year)
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30 transects showing coastal
change through time (m)
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coastalchange.nz data.coastalchange.nz
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More information Q Data % M Map x Help v Login

M Browse X File View Tools Hisfory
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S n Pre Gabrielle coastline
. Basemap Satellite

Q Search NZ Coastlines Data Service

Pre Gabrielle coastline

University of Auckland

Coastlines digitised by New Zealand’s Changing Coast team
at the University of Auckland as part of the Resilience to
Nature's Challenges National Science Challenge. Lines are...

View all >

Pre Gabrielle coastline

University of Auckland -

a ]
; _
Post Gabrielle coastline ! : — : : Ty

University of Auckland

\‘-

National

SCIieNCE

Challenges

RESILIENCE Kia manawaroa
TO NATURE’S ¢ —NgaAkinao
CHALLENGES i TeAoTudroa




National RESILIENCE . Kiamanawaroa

SC i e N C E TO NATURE'S - Nga Akina o

Challenges

CHALLENGES : Te AoTiroa

Multi-hazard risk from physics-based
earthquake simulators

Bill Fry (Co-Lead Andy Nicol) and Earthquake & Tsunami Programme Team

Wednesday 14 May, 2024
Te Papa
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Earthquake simulators
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Subduction slip (m)
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Crustal slip (m)

Yield complex multi-fault
events = interaction
between faults more
realistic than stochastic
models

Finite fault models
possibility of including
rupture directivity -
possibility for more
realistic ground motion
than stochastic models

Pathway for non-
stationarity of seismicity
=> clustering and time-
dependent hazard
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Multi-hazard advice framework

Expected ground shaking (MMI)
Density of EIL

Likelihood of severe shaking

Likelihood of exceeding very
high landslide density

Likelihood of inundation
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Multi-hazard modelling framework

Merging multi-peril, including geo-perils,
extreme weather, climate change....

And impacts and risks from those perils....
Will, in the future (this decade), happen in an
integrated system in which physics-informed
simulations are queried through Al algorithms.

Synthetic seismicity presents the leading
strategy to facilitate the incorporation of
earthquakes and tsunamis into these models.
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Thank you for your kind attention.
b.fry@gns.cri.nz



RNC Multihazard risk team




& " . Left: Ruapehu 1995
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¥ Right: Chaitén Town &

Impact is time-varying, across a massive input space:

P(eruption) = P(Size) —>P(Lahar) = P(lahar inputs)

> P(style) >P(PDC) >P(PDCinputs) > p(intensity)
- P(duration) =P(Ash) —>P(Ash inputs)




1T31 [7] Single bed ash unit (SBA)
[E] Multi-bed ash unit (MBA) with 2-
200 3 subunits
T W Multi-bed ash unit (MBA) with 24
f A subunits
400
e W Lapilli unit (L)
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Forecast eruption timelines
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Statistics

Define resulting hazard inputs
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Define the spatial distribution of intensity

Flow depth (m)

Ws
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Define the functional distribution of intensity using surrogates

Adversarial Networks (Deepfakes) Gaussian Processes
1004 |
E
8 5.0
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0.0
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Eruption Scenario example
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CLIMATE
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Temperature (°C)
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Long-term Past

t0 0.8 Ma to 500 kyr to 20 kyr to 1850 AD to 2100
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Recent Past

Long-term Future
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Weather-related hazards and impacts:

Multi-Hazard Risk Assessment

High resolution modelling of high-impact weather scenarios, and
Auckland ex-tropical cyclone case study.

Richard Turner (NIWA)
14 May 2024
Te Tai Whanake
Te Papa, Wellington

@\’ Thanks to all the project leads and researchers in the
/ Final RNC2 Conference Te Huarere me te Ahi Pukaka (Weather and Wildfire

NIWR May 2024 Theme) of RNC2
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What are the new advances in understanding and
o RATORE S modelling individual, cascading and coincident hazards,

CHALLENGES

& how are they being applied to improve hazard risk
Teho Tore management?

 How do other resilience approaches sit alongside risk?
 How do intensive single peril approaches integrate as multi-hazard?

« How can we rapidly get ahead of supporting a surge in building and
infrastructure constructure? In many large cases these are being ‘fast-
tracked’...

« How can all of this be applied to adaptation and retreat decision support for
climate change (e.g. with MfE and local government) across hazards?

T
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New advances. @\
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Major Ex-tropical Cyclone

Dataset development: 35 (36) scenarios from 5 (6) historic storms.

Most Scenarios 1.5 km, but several at 330 m, and some downscaling to ~few metres (CFD
or wind-tunnel); Some scenarios with warmer (+2 C) seas for future climate indications.

- 330 m simulations and CFD/wind tunnel shown to add significant additional detail at the
city scale. (e.g., Harbour bridge flow)

* New Zealand land mass itself has little influence on the storm track for ex-tropical
cyclones. Encounters with land do weaken storm, but re-intensification possible when
storm track goes over the sea again, e.g. Cook and Taranaki.

 Need many more scenarios — more storms, more shifts, more on climate change impacts
om TC to ex-TC transition, complementary with renanalyses (ERA-5, Barra, NZRA)
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Ex-tropical Cyclone

Muizz Shah — PhD (in progress) - building scale CFD
simulations (interfaced with RiskScape to apply fragility
functions and get detailed impacts) plus wind tunnel
experiments over Auckland CBD.

Amir Pirooz and Stuart Moore completed simulations
over high-wind event over Auckland Harbour Bridge.

Bash wnd spond Imw
| _ » »

(O

RNC PhD researcher Muizz Shah -
wind movement through buildings.

m Photo: Stuff
e d

Coupling High-Resolution Numerical
Weather Prediction and Computational
Fluid Dynamics: Auckland Harbour Case
Study
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SCIENCE BG Flood inundation — Cyprien Bosserelle (Pam shifted SW)
Challenges

Taihoro Nukurangi
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Extreme Ex-tropical Cyclone 7

Landslide modelling — 24 hour rolling precip (from all
scenarios) accumulations provided to landslide experts
at GNS (Andrea Wolter) from the selection of storms

Taihoro Nukurangi
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SCIENCE Storm surge modelling — Zhonghou Xu - NIWA
Challenges
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RNC PhD researcher Muizz Shah —
wind movement through buildings.
Photo: Stuff

Sunkist Bay
16.3
473
33.0
34
00 o0
= No damage Light damage
Moderate damage = Severe damage

= Unknown

Minor damage

Wind damage on the West Coast.
Photo: Opus, Build Magazine

Maraetai

1.2

37.9
= No damage Light damage Minor damage
Moderate damage = Severe damage = Collapse

= Unknown

¢

Taihoro Nukurangi

What are the new advances in understanding and modelling individual, cascading and
coincident hazards, & how are they being applied to improve hazard risk management?




Climate Change

Canterbury - Relative change in AEP HOKI-CHCH PG (2031-2070) vs (1985-2005)
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To do:

Continue to analyse data collected and make use of datasets already created.
More & finer downscaling climate change CMIP6 and impacts especially

With respect to shifts in storm tracks and TC to ex-TC transition and to extend hi-

res climatology backwards through integration with reanalysis datasets (ERA-5,
Barra, NZRA).

So far, even the many different weather hazard impacts have been modelled in

RiskScape as intensive single-perils. These need to be aggregated sensibly in
determining total losses etc.

T
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Risk modelling to inform
land-use and emergency
resource planning

Christina Magill E : gmg

Te Tai Whanake 14 May 2024 TE PO AO



Who we are

STRATEGIC OUTCOMES
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New Zealanders are more resilient Government is more informed on Deliver tools for partners and
to natural hazards the possible impacts from users evaluate natural
natural hazards hazard impacts

N GNS Tok
¢ NIWA ZhE  catalystd R EQC

expert open source solutions




The RiskScape Journey

2004 ~\ 2006 ~\ 2017 ~\ 2018 ~\
Research Programme RiskScape Software External Software New RiskScape
Launched Launched Review Engine Build Commences
*To e .
< RiskScape - Wi catalysti4
\ J = J J Y,
2019 N\ 2022 N 2022 ~\ 2023 N\
National End-user RiskScape Open-source RiskScape Platform & RiskScape Platform released
Workshops , Release Graphical User Interface
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Cyclone Gabrielle recovery - Select an adaptation layer

Adaption Layer 1 EI

Area alpha ¢

Property impacts

Legend (Earthquake_2500yr.Reinstatement_Cost)

- 9.1k - 100.3k
- 100.3k - 147k

| 147k- 2492k

- 249.2k - 16.4M

Rerun with modified attributes

== | eafiet | Map tiles by Stamen Design, under CC BY 3.0. Data by OpenStrestMap, under ODbL




Define a policy option for adaptation layer

Adaption Layer 1

Area alpha

Rerun with modified attributes

ot

O

-

Area alpha

Use category
Foundation

Build year
Construction type
Stopbank height (m)

Minimum fioor height
(mm)

Freeboard {mm)

Residential =
-- unchanged =
-- unchanged s

Reinforced Concrete &

@ © © © © © ©

7
4

Property impacts o

Legend (Earthquake_2500yr.Reinstatement_Cost)

- 9.1k - 100.3K
- 100.3k - 147k

147k - 249 2k

- 249 2k - 16.4M

== | eafiet | Map tiles by Stamen Design, under CC BY 3.0. Data by CpenSitreetMap, under ODbL




Multiple adaptation layers as policy options
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Compare policy scenarios within microsite

Map view comparison
Policy 3

Ha;tir_lgs

Haumoana

Aggregated impacts i
Attribute o
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Colours
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O B |
@ B
& B |
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Orewa land-use planning — temporal changes in exposure
(land parcels intensified per year)




Orewa land-use planning - temporal changes in hazard

2% searise.takiwa.co/map/62: 2b8190018. 9/embed 5 New Chrome avallable *
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Orewa land-use planning - add coastal flooding
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Orewa land-use planning - future risk with interventions

e 1 o Modify Land Use Planning Change in Risk With Interventions
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7 Riskscroe

Highly customisable spatial data
processing for multi-hazard risk
analysis

www.riskscape.org.nz
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GROSS DOMESTIC PRODUCT (GDP)

Japan GDP: Natural disasters hit

economic growth
GDP used since WWII to measure growth and T ¢ s
P ro g ress Japan's economy shrank in the third quarter as natural disasters hit spending and
disrupted exports.
GDP leaves out many important aspects such as: New Zealand falls into recession, as

impact of cyclones takes toll

Human wellbeing

As the economy shrinks by 0.1% in the March quarter, officials say
the impacts of cyclones Hale and Gabrielle worsened the economic

Planetary sustainability outlook

Distributional dimensions

Any other comprehensive alternative that
includes all of the above?
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WELLBEING

Wellbeing — measures “the aspects that matter
the most to people and that, together, shape
their lives”

Different versions in different countries
Gap between concept and policy
Common denominator

Measure connections and changes over time

Trade-offs and synergies

How about using graphs!?
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Health

Knowledge and skills

Cultural capability and belonging

Work, care and volunteeting
Engagement and voice
Income, consumption and wealth

Whanau, hap and iwi
Families and households

civil society

Social cohesion

$-

Our Individual
and Collective
Wellbeing

A\

Our Institutions
and Governance

l

The Wealth of
Aotearoa
MNew Zealand

Culture

Housing

Environmental amenity
Leisure and play
Family and friends
Safety

Subjective wellbeing

Firms and markets
Central and local government

International connections

Financial and physical capital



LITERATURE ON GRAPHICAL METHODS

Selection of
keywords,
e.g. graph

theory

Literature
search on
Web of
Science

Filters, e.g. explicit and
systematic use of graphs

|

Web search
for 'grey’
literature

h |

500
publications

16
——||| Documents

78
publications

Total 94
documents

Graph
family

Graph
type

Hazard
type

Hazard-Wellbeing
links

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Sl -~
Science e w
Total Emvdranment

Review

A review of graphical methods to map the natural hazard-to-wellbeing
risk chain in a socio-ecological systemd<

Juan J. Monge **, Nicola McDonald ®, Garry W. McDonald ®
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RESULTS

Well-developed - earthquakes, floods
and volcanic hazards

Hazards to vulnerabilities
Probabilistic graphs

Direct and indirect impacts
Social networks
System Dynamics diagrams

Few studies considering wellbeing

Nascent independent literature on
wellbeing

Hazard Biophysical System Socio-economic System

Type Hazard Exposure Vulnerable Impacts Wellbeing

—~ Logic
5 | 9w
Bayesian
= Network

Social Networks ]

Event Trees ]
Social Networks

)

 Cal Loa’p' Drag;ms
( Event Trees )
( Bayesian Networks )
( Social Networks )

Bgye&an Netwmks _
__ Social Networks )
(_causal Loop Diagrams )
(___ Stock & Flow Diagrams.

[ Event Trees ]
Bavesian Networks )
( Social Networks
(_causal Loop Diagrams )

) (Bayesian Networks)




RESULTS

Eruption forecasting Volcanic hazard

Unrest Origin Outcome Location Magnitude Phenomena

Biophysical systems

Graphs based on probabilistic

zZ N\

Hazards — direct impacts on infrastructure

Social systems

Graphs based on wider socio-economic linkages
and dynamically adaptive behaviours

Agriculture

Communications cluster

Direct impacts — indirect impacts cluster

tural hazar

Manufacturing

. . cluster
Risk dynamics

Transport cluster

Source: Di Baldassarre et al., (2015) Source: Chopra and Khanna (2015)



GRAPHS USED FOR WELLBEING

Collins et al. (2014) used a causal loop diagrams

Ceriani and Gigliarano (2020) used Bayesian networks

( /\ /_\ Material Deprivation Health Status
- @ @
ey
O ) O ) Life
Satisfaction

Source: Ceriani and Gigliarano (2020)

Human

Capmal

Source: Collins et al. (2014)



CONCLUSIONS AND NEXT STEPS

Graphical methods used as engagement tools and exploratory models

Nascent literature on the characterisation of wellbeing's multi-
dimensionality using networks and SD diagrams

The possibilities to use common methods, or combinations of these, are
numerous

Graph-based, distilled simulation models that can be used by experts from
different backgrounds
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Introduction

* Nga Manu o te Whatu

* Creative activities training

* Five full-time staff
 RMA/protection/MCD

* Well-being and cultural survival

* Marae/hapu based

* Indigenous transdisciplinarity
* Te Kaihautu
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Project aim

* Explore our (Heretaunga) risk perceptions and their implications for
well-being
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Background

* We whakapapa to Nga Hapu o Heretaunga

* Our training activities focus on measuring progress towards Maori
community well-being and cultural survival

 We are aware of numerous hazards

* But had never really stopped to think about how we perceive risk or
how risk perception influences the decisions we make

* This project raised lots of questions. For example:

* Why are our (Maori community) perceptions of risk different from
those of local businesses and government?

* Whose perceptions of risk should we follow?

RESILIENCE :  Kiamanawaroa Na.tio n?‘l 1 ]
TO NATURE’S : -NgaAkinao SCIENCE Multihazard Risk Programme
CHALLENGES : Te Ao Taroa Challenges




Home | Hawkes Bay Today

Petition against Maraekakaho
quarry gains 1200 signatures

% By James Pocock [ save 4 Share
Mar, 2024 M ©3 mins to rea

A sign protesting the Tpore Infrastru
NZME
SEuTi

Close to 60 people hospitalised
from 2016 Havelock North gastro
outbreak, study finds

Thousands of people were infected by drinking water from contaminated bores. Four people died and others

were left permanently disabled.
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Havelock North campylobacter
study estimates 8320 were infected
5:38 pm on 13 July 2020 Share this oo e@
®:

The number of people infected in the Havelock North campylobacter crisis in 2016 was much higher than
previously estimated, new research suggests.

& Detal
Kitchin@rnz.co.nz
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Literature review and risk perception landscape

Affective i

» Affect Heuristic
(Loewenstein et al., 2001)

* Disaster-type theory
(Ming-Chou et al., 2008)

* Behaviour as information theory
(Spix et al., 2023)

* Attention theory
(Mrkva et al., 2021)

* Trust theory
(Cannon, et al., 2021)

» Communication theory Social
(Lundgren & McMakin, 2013)

* Recreancy theory

* Fairness hypothesis
(Freudenburg, 1993) P

(Rayner & Canter, 2006)

* Demographic theory
(Savage, 1996) = Social amplification theory

« Gender theory (Kasperson et al., 1988)

(Gustafsod, 1998)
* Place attachment theory
(Anton & Lawrence, 2016)

----------------------------------------------------------------------------------------- {—+ Socio-culturattheory

* Prospect theory

« Availability heuristic (Kahneman & Tversky, 2018)

(Tversky & Kahneman, 1973)
* Developmental theory

* Knowledge theory (Helm et al., 2018)

(Wahlberg & Dake, 2001)

* Cognitive bias theory

{Simon 2000)
e Communication theory

« Rational theory (Garrick and Gekler, 1991)

(Star 1969)

* Psychometric theory
(Siegrist et al., 2005)

Cognitive
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 (Bickerstaff, 2004)

* Exposure theory
(Brown et al, 2018)

* Place attachment theory
(Kokorsch & Gisladéttir, 2023)

* Perceptual dissimilarity
(Persons & Fisher, 2022)

* Anthropological theory

Douglas, 1985
e Cultural cognition theory (Doug )

(Kahan et al, 2008)

* Indigenous knowledge theory
(Roder et al., 2016)

* Cultural knowing theory

* Cultural theory (McMichael et al, 2021)

(Marris et al, 1998)
Cultural

Multihazard Risk Programme




Literature review

Affective

* Affect Heuristic
(Loewenstein et al., 2001)

* Behaviour as information theory
(Spix et al., 2023)

* Attention theory |
(Mrkva et al., 2021) |

* Prospect theory

« Availability heuristic (Kahneman & Tversky, 2018)

(Tversky & Kahneman, 1973)

* Developmental theory
(Helm et al., 2018)

* Knowledge theory
(Wahlberg & Dake, 2001)

* Cognitive bias theory
{Simon 2000)

» Communication theory
(Garrick and Gekler, 1991)

* Rational theory
(Star 1969)

* Psychometric theory

Cognitive (Siegrist et al., 2005)
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» Communication theory Social

* Trust theory (Lundgren & McMakin, 2013)

(Cannon, et al., 2021)

* Recreancy theory

* Fairness hypothesis
(Freudenburg, 1993) VP

* Disaster-type theory (Rayner & Canter, 2006)

(Ming-Chou et al., 2008)

* Demographic theory
(Savage, 1996) = Social amplification theory

« Gender theory (Kasperson et al., 1988)

(Gustafsod, 1998)

, * Place attachment theory
: (Anton & Lawrence, 2016)

|~ Socio-cultural theory e

(Bickerstaff, 2004) * Place attachment theory

(Kokorsch & Gisladéttir, 2023)
 Perceptual dissimilarity

(Persons & Fisher, 2022) « Anthropological theory

Douglas, 1985
e Cultural cognition theory (Doug )

(Kahan et al, 2008)

¢ Indigenous knowledge theory

eI ey (Roder et all., 2016)

(Brown et al, 2018)

¢ Cultural knowing theory

* Cultural theory (McMichael et al, 2021)

! (Marris et al, 1998)
! Cultural

Concerns

1. Research on indigenous
communities

2. Disciplinary & interdisciplinary
can create barriers to knowing

3. Some key ideas are theoretically
ungrounded

4. Scientific vocab used to explain
indigenous realities (e.g., indigenous
knowledge)

Multihazard Risk Programme



What is indigenous knowledge?

Knowledge
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What is indigenous knowledge?

Wairua

Knowledge Knowing

N
v

Kaitiaki

Whakapapa Taniwha
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Risk perception in the Maori language

* Worldview is encoded in language
* No pre-colonial linguistic analogues
* We did find similarities in meaning

* Po te rere kore (transl. after you have finished running here,
annihilation and destruction)

 Early warning provisions (e.g., kaitiaki, taniwha, wairua)

* Risk management (e.g., kawa, karakia, mauri stones, P3, tapu,
intertribal marriage)
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Risk perception in the Maori language

* Worldview is encoded in language
* No pre-colonial linguistic analogues
* We did find similarities in meaning Rangatiratanga

* Po te rere kore (transl. after you have finished running here,
annihilation and destruction)

 Early warning provisions (e.g., kaitiaki, taniwha, wairua)

e Risk management (e.g., kawa, karakia, mauri stones, P3, tapu,
intertribal marriage)
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Risk perception in the Maori language
Nga Kete e Wha + Taonga tuku iho

* Worldview is encoded in language
* No pre-colonial linguistic analogues
* We did find similarities in meaning Rangatiratanga

* Po te rere kore (transl. after you have finished running here,
annihilation and destruction)

 Early warning provisions (e.g., kaitiaki, taniwha, wairua)

e Risk management (e.g., kawa, karakia, mauri stones, P3, tapu,
intertribal marriage)
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Rangatira (chiefly behaviour)

* Protection is not about a defensive
position. It draws our attention to duties,
obligations and responsibilities

e ... itis the sense of responsibility and
managing of risk that is at the very centre
of Indigenous existence and reality (Hilton,
2021, pg. 25)

* Qur risk perception is an expression of
duties, obligations and responsibilities

* These are things that enhance our mana
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TAKING A SEAT AT
THE ECONOMIC TABLE

CAROL ANNE HILTON, MBA

... it is the sense of responsibility and managing
of risk that is at the very centre of Indigenous
existence and reality (Hilton, 2021, pg. 25)

Multihazard Risk Programme




The published literature

e Avoid
* Mitigate

Risk
aversion

Risk mitigation

4
% Risk sharing Difference of gross
H =] shift / reallocation of risk and net risk
* Relocate the risk
= acceplable
= of risk level of risk
; s
i ACCE pt t h e r I S k Gross Reduction Mitigation Insurance  Engagement Net Deliberate
risk of probability l§  of effect of a main risk risk taking
. R R of accurrence contractor
* Delib k-tak
e I erate rIS ta I ng step 1 step 2 step 3 step 4

Measures

‘Cause type’ measures ‘ ‘Effect type’ measures

* Risk perception is an expression of
avoidance aspirations o Pt 210

e Skillfulness in avoiding, mitigating and
relocating is what enhances reputation
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Nga Kete e Wha (perception) Our worldview

* There are patterns and levels in our perception of e
reality (e.g., whakapapa and our worldview) =
* Our communities have remarkable perceptual and
linguisticcomplexity T
* We tend to draw on others to help build our risk |
perceptions (collective perceptual intelligence) B — =
* This locates our risk perception experiences in the
domains of strong and indigenous transdisciplinarity ... T

* There is a ‘perceptual robustness’ that is an
emergent property of collective perceptual
intelligence
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Taonga tuku iho (inherited treasures)

e Our cultural values express inclusive logic Nga mesto:

* Our Tipuna used exclusive logic sparingly
(e.g., tapu and noa)

e Qur risk perceptions are not constrained
by categorical logic (classical A and non-A) Gk A n-A welloeing

The excluded middle

* In the published literature we noticed that mom TR
risk perceptions are mutually exclusive

* Qur risk perception draws on dual logic
e Strong and indigenous transdisciplinarity
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Take home messages

* Transdisciplinarity can include coordination of knowledge development
across, between and beyond the disciplines

* The domain of strong transdisciplinarity (Western science)
* The domain of indigenous transdisciplinarity (marae/hapt context)

* The empirical quantification of risk has its place (but predictive power and
track record are also important)

* There are valid worldview, epistemological and experiential reasons for
paying more attention to the risk perceptions of our Maori communities
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The end

anthony@tetoiohanga.com
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