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Abstract

Climate change relocation of Indigenous communities is increasing globally. For Maori (the Indigenous peoples of Aotearoa
New Zealand), many pa (complexes of significant structures) are at risk to climate change impacts with relocation as one
potential adaptation option. For Indigenous peoples, this step is not taken lightly, as connection to place is imperative. The
aim of this research is to highlight some histories of Maori communities relocating in response to natural hazards, provid-
ing insights from the past to help plan for future adaptation. To do this, we undertook a national-scale textual analysis and
identified 51 examples of pa relocating in response to natural hazards since pre-1840. We then focused on a case study with
members of two iwi (tribes), who relocated following the 1886 eruption of Mount Tarawera to identify enablers and barri-
ers to relocation, and to draw insights to assist with Maori-led responses to climate change adaptation. We found that key
enablers of relocation included whanau (family)-level decision-making, cultural norms of awhi (support), whanaungatanga
(relationships), whakapapa (genealogical connection), koha (donation), tuku whenua (gifts of land), and matauranga Maori
(Maori knowledge). In summary, Maori and other Indigenous peoples have rich histories of relocations, utilising their own
Indigenous knowledge, local implementation, and adaptability to natural hazards that can be implemented in our modern
context.
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Haukainga Home people

Korero Prose/discussion
Whanaungatanga Relationships/connections
Awhi To support or embrace

Koha Gift or donation

Mana Authority

Tikanga Protocols/the right thing to do
Mauri Lifeforce

Matauranga Maori  Maori traditional knowledge

Introduction

Climate change is increasing the frequency and severity of
many natural hazards, including wildfires, droughts, and
extreme weather events, inducing erosion and flooding
(IPCC 2022; Van Aalst 2006). Many Indigenous communi-
ties are already experiencing (and adapting to) the impacts
of climate change (Ford et al. 2020; Wildcat 2014). This
includes in the North American Arctic, where Indigenous
communities are losing land to melting permafrost, erosion,
and flooding (Bronen 2010, 2015; Ford et al. 2008; Mal-
donado et al. 2013). The community of Isle de Jean Charles,
LA, USA, including members of the Biloxi-Chitimacha-
Choctaw tribe, face increased coastal flooding due to sea
level rise (Simms et al. 2021). In the Pacific Islands, the
Indigenous peoples of the Solomon Islands (Albert et al.
2018), Tuvalu (Farbotko & Lazrus 2012), Kiribati (Allgood
& McNamara 2017; Storey & Hunter 2010), Fiji (McNamara
& Des Combes 2015; Piggott-McKellar et al. 2019), and
Torres Strait (McNamara et al. 2021; McNamara et al. 2017)
all face sea level rise induced erosion and flooding.

Indigenous communities are generally considered more
vulnerable to climate change due to factors including
dependence on natural subsistence systems, elevated expo-
sure (such as due to being situated on hazardous marginal
land), and reduced ability for traditional seasonal move-
ments due to colonisation (McEvoy & Mitchell 2019; New-
ton et al. 2005). Indigenous communities also have histories
of marginalisation, lower socioeconomic opportunities, lack
of resources, poorer health outcomes, and lack of contextu-
ally specific adaptation information, alongside continuing
to suffer the ongoing intergenerational impacts of colonisa-
tion (Ford et al. 2020; Maldonado et al. 2013; Whyte 2017).
Contemporary relocation is complicated by other colonial
legacies including insufficient access to sustainable land
(Fayazi et al. 2020), tribal land ownership (Whyte 2016),
land tenure issues (McEvoy et al. 2020), and individual
property rights (Hanna et al. 2022). Lastly, relocation for
Indigenous peoples can result in loss of cultural heritage,
identity, and Indigenous knowledges (Bronen & Cochran
2021; Whyte 2016).
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There are, however, many lessons from the past and pre-
sent highlighting the knowledge, strength, and adaptability
of Indigenous peoples who have adapted to environmental
changes for millennia (McNamara & Westoby 2011; Pet-
zold et al. 2020). There are rich histories of community-
level mobility in tune with the natural world and surround-
ing environment (Barnett & McMichael 2018; Bronen et al.
2020; Whyte et al. 2019). Elders tell stories of how reloca-
tions have occurred in response to natural hazards, and, if
these are identified, collated, and their decision-making pro-
cesses identified, these examples hold potential in inform-
ing contemporary policy on Indigenous adaptation, helping
position Indigenous people as active responders rather than
victims (Cochran et al. 2013).

In Aotearoa New Zealand (hereafter, Aotearoa), many
Maori (Indigenous peoples of Aotearoa) communities are
disproportionately at risk to climate change, particularly in
coastal areas, as water is important as a resource and for
cultural identity and traditions (Ruru 2013). Climate change
is impacting upon Maori infrastructure (Bailey-Winiata
2021), economy (Awatere et al. 2021; King et al. 2010),
and health (Jones et al. 2014) and alters traditional under-
standings of the environment (McMurdo Hamilton et al.
2021). New national legislation for planning for climate
change is also being devised (Ministry for the Environment
2022), while many recent extreme flooding events continue
to impact Maori communities (Desmarais 2023). Nationally
and globally, there is much more that needs to be understood
(and applied) of how adaptation should consider issues sur-
rounding land governance, land rights, legal, and ethical
considerations of relocated individuals and communities.
For Indigenous communities adapting to climate change
and associated legislation risks perpetuating colonisation for
Indigenous people, termed by Whyte (2016) as the “colonial
déja vu”. As such, it is crucial that policy development for
climate change adaptation draws on Indigenous knowledge
and perspectives on decision-making within its frameworks.

This research aims to look backwards to contribute to the
contemporary agenda of climate change adaptation by and
for Indigenous peoples. The objectives are threefold: (1) to
produce the first national dataset of previous relocations of
Maori pa relocating in response to natural hazards (where pa
is a broad term for the complex of Maori structures, places,
and people, important to Maori culture and identity); (2) to
explore an example within this dataset to ascertain enablers
and barriers to relocation; and (3) to highlight insights that
can help inform Maori-led relocation in response to current
climate change adaptation planning and policy discussions.
The case study relates to the iwi (tribes) of Tahourangi
and Ngati Rangitihi following the 1886 eruption of Mount
Tarawera. This research contributes to the growing inter-
national body of work on Indigenous adaptation to climate
change. A key reason for this work is to gather stories of
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what many Maori already know, but this dataset empha-
sises there are many more yet to tell. We wish to highlight
the strength and resilience and bring together some ideas
of ways forward to contribute to the narrative of power and
self-determination of Maori and all Indigenous peoples.

National context of Aotearoa
Natural hazardscape

Aotearoa is surrounded by Te Moana nui a Kiwa (Pacific
Ocean), Te Moana Tapokopoko a Tawhaki (Southern
Ocean), and Te Tai o Rehua (Tasman Sea) (Figure 1), and
is situated along an active geological plate boundary, sub-
jecting the country to frequent natural hazards, extreme

Fig.1 A Te Ao Maori view of
Aotearoa New Zealand, which
is “upside down” compared to
conventional maps. Here the
North Island is Te Ika a Maui
(The fish of Maui). The South
Island is Te Waka a Maui (the
canoe of Maui) (Hikuroa 2020;
Ka’ai and Higgins 2004) (Data
source: New Zealand 10-m
Satellite Imagery (2021-2022)
& GEBCO Gridded Bathymetry
(2020))

hydro-meteorological events, and large-scale global climate
cycles (Glavovic et al. 2010; Godoi et al. 2018; ODESC
2007). Climate change and sea level rise will amplify many
of these hazards (Bodeker et al. 2022).

Legislative context

In February 2021, Aotearoa’s Ministry for the Environment
(2022) announced plans for a new Climate Change Adapta-
tion Act (CCA) to address complex issues associated with
financing managed retreat. Managed retreat involves the
managed relocation of people and infrastructure away from
hazardous locations and can be pre-emptive or in reaction
to natural hazard events (Lawrence et al. 2020; Siders &
Ajibade 2021). In Aotearoa, managed retreats have previ-
ously occurred, but without a clear legislative framework
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resulting in isolated policy experiments unable to respond
to the diverse needs of communities (Hanna et al. 2022).
The proposed CCA acknowledges the need to weave a
“by-Maori-for-Maori approach” into legislation alongside
typical science and government-led processes (Dexter 2023).
This research, therefore, is timely and situated in the direct
context of these debates.

Maori and Pa

Maori and the Moriori (of REkohu/Wharekauri) are the
Indigenous peoples of Aotearoa, arriving in the thirteenth
and fourteenth centuries from Hawaiki in French Polyne-
sia (McConnell et al. 2021; McWethy et al. 2010). Maori
kinship social structures stem from whanau (family), hapt
(related whanau), and iwi (related hapt) (Reilly 2004;
Winiata 1956). Maori hapti can be focussed in settlements
termed pa, many of which are situated near water bodies as
waterways provide resources, transport, and trade and the
use of wai (water) in many traditional practices (Bailey-Win-
iata et al. 2022). The centre of pa is often a marae complex,
which are ancestral Maori meeting grounds. At the centre of
marae is the wharenui (meeting house) where the structure
physically and metaphorically is an ancestor of the hapt
(Skinner 2016).

Pa connect past, present, and future generations in whaka-
papa (Rameka 2016). Whakapapa is a grounding force and
genealogical link throughout time and connects people to
each other and to the environment (Forster 2019). A kin-
centric connection to the natural environment is also pre-
sent in many other Indigenous cultures, such as in Tahiti
(Maric 2016) and Australia (Kearney et al. 2019). However,
many of these environmental relationships are at risk with
climate change, and adaptation needs to provide for these
connections.

Methods
Textual analysis

The research framework is underpinned by the whakatauki
“He whakatomuri te haere whakamua—I walk backwards
into the future with my eyes fixed on my past” (Rameka
2016). A mixed methods approach incorporating a tex-
tual analysis was used to identify historical examples of
pa relocating in response to natural hazards in Aotearoa.
This was complemented with a thematic analysis of semi-
structured interviews. For the textual analysis, we draw from
the methods of Grace-McCaskey et al. (2021) and Tubridy
et al. (2021), and our textual analysis includes both primary
(e.g. original material) and secondary sources (e.g. subse-
quent material created from the primary sources) (Brundage
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2017). Primary sources include Te Tiriti o Waitangi—Treaty
of Waitangi Settlement documents (“Te Tiriti o Waitangi—
Treaty of Waitangi Settlement documents” section), and
Aotearoa-produced media available on Pressreader (“Press-
reader” section), and secondary sources include Google
search of Maori maps (“Maori maps” section), Google
search of pa relocation (“Google search engine” section),
and oral conversations (“Oral conversations” section).

In the textual analysis, three sets of keywords were searched
relating to (1) pa, (2) natural hazards, and (3) managed retreat/
relocation (see Supplementary 1). Pa is a collective term to
describe Maori settlements, the people (hapt and iwi), and
individual culturally significant sites such as marae. Further-
more, keywords regarding natural hazards were sought from
“The Natural Hazardscape report” ODESC (2007), which is
a non-statutory document aimed to inform hazard managers
about the frequency, management, and occurrence of 17 key
hazards for Aotearoa. Lastly, keywords relating to managed
retreat/relocation were sought from Hanna et al. (2017), where
a textual analysis was conducted to understand the different
terminology used in relevant policy documents in Aotearoa.

Te Tiriti o Waitangi—Treaty of Waitangi Settlement
documents

Te Tiriti o Waitangi—The Treaty of Waitangi (Te Tiriti) is
a foundational document of Aotearoa New Zealand, signed
in 1840, by Maori Rangatira (leaders) and British Crown
(Crown) representatives (Orange 2020). Te Tiriti outlined
the relationship between Maori and the Crown, with domi-
nant principles of partnership, participation, and protection
(Orange 2020). Te Tiriti has an English and a Maori version;
however during translation, the gravity of the terms and con-
ditions that Rangatira were agreeing to was not accurately
conveyed, such as land ownership and sovereignty (Stokes
1992). In 1975, The Treaty of Waitangi Act was passed, and
the Waitangi Tribunal was established to provide a mecha-
nism where Maori who were disadvantaged by legislation or
policy imposed by the Crown were able to seek redress. This
study investigated historical not contemporary claims, as the
tribunal only began reviewing these claims since 2020 (Min-
istry of Justice 2021). Historical claims total 87 documents.
To search Te Tiriti settlement documents for pa relocations,
a query in NVivo software was used to search for keywords.

Pressreader

Pressreader is a subscription-based online media platform
accessing thousands of magazines and newspapers around
the globe (Canuel et al. 2017). It is commonly utilised to
identify articles and other written media with certain key-
words (Fish 2020). This study utilised all publications pro-
duced and published in Aotearoa and only those written in

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Regional Environmental Change (2024) 24:80

Page50f15 80

English. Using the advanced search in Pressreader, all key-
words were searched.

Maori maps

The keywords were searched in the Maori Maps online data-
base of marae locations (Te Potiki National Trust 2011).
Within Maori Maps, histories of each marae were searched,
which sometimes contained historical accounts of some
form of relocation. Similar to research on climate change
perceptions by Hayes and O’Neill (2021) and Walter et al.
(2018), we utilised the Google site search, using the “site”
query in the Google search engine with Maori maps as the
site, then searched the website for keywords (Google Devel-
opers 2022).

Google search engine

Drawing on the methods of Ford et al. (2015) and Mbah
et al. (2021) who identified relevant grey literature for their
systematic reviews regarding adaptation of Indigenous peo-
ples to climate change. The Google search engine was used
to identify further examples of pa relocation in response
to natural hazards that may have been missed by the above
methods. A combination of media articles (10) and grey
literature (5) was found.

Oral conversations

Oral communication is a key method of knowledge transfer
within many Indigenous communities (Amare & Gacheno
2021), including Maori (King et al. 2018; Mercier et al.
2011). Only some aspects of oral information may be
included in the textual analysis documents described above,
such as quotes of oral accounts. Through oral conversations
with other researchers, hapti and iwi members, and fellow
students, further examples of pa relocating in the past sur-
faced. These examples were searched using the name of the
pa, through the Google search engine to identify documenta-
tion for all cases mentioned.

Process for conducting korero with Tithourangi
and Ngati Rangitihi

The case study of the relocation of Tthourangi and Ngati
Rangitihi following the 1886 Mount Tarawera eruption is
one of the most well-known cases of Maori relocation to
a natural hazard. The lead author of this paper has whaka-
papa to Tahourangi which benefits the research by the abil-
ity to facilitate informative discussions due to understand-
ing of cultural norms and whanau connections, which is a
key aspect (albeit not essential) of kaupapa Maori research
theory (Smith 2012). This research incorporates aspects of

kaupapa Maori research theory to comprehend the inter-
generational memory of the Tarawera eruption. Kaupapa
Maori is a philosophy that guides research by Maori for
Maori, delivering on emancipatory and empowerment out-
comes (Smith 2012; Walker et al. 2006). Kaupapa Maori
research has five key principles for ethical research outlined
by Walker et al. (2006):

1. Tino rangatiratanga: self-determination over the
research, with a Maori-centred agenda (Henry & Pene
2001; Pihama et al. 2002).

2. Social justice: redress of the power imbalance in
research and build the capability and capacity of the cur-
rent and next generation (Eketone 2008; Smith 2012).

3. Te ao Maori worldview: a Maori lens shapes a research
project differently to western research, allowing for
inclusion of Maori concepts (Bishop 1999; Walsh-
Tapiata 2003).

4. Te reo Maori: conducting interviews or engagements
in te reo Maori is beneficial to conduct kaupapa Maori
research (albeit not essential) as it creates connections
and enables deeper understanding to cultural concepts
or texts (Powick 2003).

5. Whanau: collective view of the research team and the
participants as whanau. This enables whakawhanaunga-
tanga (process of establishing relationships) as well as a
shared vision of the research outcomes (Bishop 1995).

In our research, whakawhanaungatanga and whanau were
at the centre of the interview process, from the whakapapa of
the main author, to whanau directing us to important people
to approach to interview, through to the interactions before,
during, and after the interviews. In line with positive out-
comes for Maori, this research showcases the resilience and
adaptability of Maori to natural hazards to help support and
empower Maori to protect their pa in the face of climate
change. In line with whanaungatanga (relationships or fam-
ily connection) and Maori values, for each participant, there
was an initial, unstructured korero about the reasons for the
work, before a formal interview took place. This occurred in
a combination of in person, including sharing of kai (food),
as well as over the phone or via zoom, depending on the
preference of participants. Korero were then conducted at
a later date.

Korero involved inverting the roles of “researcher” and
“participant” leading to more open and honest dialogue
(Bishop & Glynn 1999). The korero were audio recorded
(with permission) and transcribed, in line with human
research ethics approval through the University of Waikato
(HREC(HECS)2022#02). Interviews were conducted in
English over the course of 1-2 h. Participants are not named
and denoted as participants 1, 2, 3, and 4. These four knowl-
edge holders are those we were directed to by our whanau
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as key knowledge holders of the history. The korero were
guided but not limited to the interview questions with data
transcribed and analysed for key themes and enablers for
the relocation process, for interview questions, see Supple-
mentary 1.

Given the time passed since the Tarawera eruption, the
korero shared can be defined as oral traditions, which is
information passed down to the informant regarding recent
and distant past events (not to be confused with oral histories
which relate to events within the lifetime of the informant)
(Mahuika 2019; Tau et al. 2008). Mahuika (2019) posits
that both oral traditions and histories are ongoing narratives
rather than just ancient tales, which evolve and recontex-
tualise for new environments or generations and serve as
foundational narratives that embody cultural values, world
views, and histories.

Maori and Indigenous data sovereignty principles

The information identified in the national-scale textual anal-
ysis and shared by participants is matauranga (Maori knowl-
edge) which is a taonga (treasure) (King et al. 2020; Mead
2003). At the national scale, because publicly available tex-
tual sources were used, there is no connection between us
as “researchers” and the hapt and iwi of the pa. However,
we are not exempt from being ethically aware of the issues
and exploitation of Indigenous and particularly Maori data
(Kukutai et al. 2020). To mitigate these impacts, we have (1)
included only previously published examples; (2) only dis-
closed non-identifiable information such as pa type, type of
relocation, and regional location not exact location; and (3)
kept analysis at a national scale to avoid revealing specific
locations. For the korero, the ownership of the matauranga
shared remains with those who shared it. This matauranga
was treated with the upmost care, and all participants have
viewed and approved this work prior to submission. We also
highlight that the perspectives shared by the participants are
their own and not representative of views of all hapt and iwi
members or all Maori.

Results and discussion
National examples of Maori relocation

The textual analysis identified 51 cases of pa relocation,
including seven that have relocated more than once. Twenty-
four of these cases were identified from oral conversations;
15 from Google search engine; three from Te Tiriti set-
tlement documents; five from Maori maps; and four from
Pressreader. The timeline of these cases date pre-colonisa-
tion (pre-1840) to present day (Figure 2a). There were 38
completed pa relocations, 11 pa where discussion to relocate
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occurred but with no imminent plans to relocate, and two pa
that have planned to relocate at some stage but progress is
unknown to us.

There was a wide range of natural hazards driving these
pa relocations (Figure 2b), including 17 due to flooding, 11
due to tsunami, eight due to erosion, three due to flooding
and erosion combined, two due to volcanic eruptions, one
from a landslide, one due to subsidence, one due to an earth-
quake, and seven with unknown natural hazard causes (Fig-
ure 2b). For the flooding category (Figure 2c), seven were
due to riverine flooding, four due to coastal flooding, four
undefined, and two due to high rainfall (with an undefined
location) (Figure 2c). Furthermore, those that were caused
by erosion included three due to coastal erosion, two due to
riverine erosion, one due to coastal and riverine combined,
one due to high rainfall, and one undefined. For examples
where a combination of flooding and erosion induced reloca-
tion, there were three coastal cases (Figure 2c). In addition,
the textual analysis identified six cases of pa relocating in
response to government acquisitions of land and two relocat-
ing to be nearer to urban infrastructure, which are excluded
from analysis.

Tsunami caused 11 individual pa to relocate, all prior to
colonisation, except for one case in 1840—1900. The tsunami
were from local and distant sources, with some causing great
devastation beyond Aotearoa, such as the 1868 AD Chil-
ean Tsunami that originated from the magnitude 9 Arica
earthquake, with damaging tsunami waves throughout the
Pacific region (Lomnitz 2004). In Aotearoa, the physical
impacts of this tsunami were greatest on the East coast of
Aotearoa, and on Rékohu (Chatham Islands) (Goff 2021;
Thomas et al. 2020). The tsunami had run-up heights of
up to 10 m and was able to move boulders of up to 500 kg
(Goff & Chagué-Goff 2001). This tsunami destroyed a pa
and European houses at Cape Pattison (Northwest section
of Rekohu), eventuating in relocation of the whanau away
from the pa (Goff & Chagué-Goff 2001).

Another tsunami caused the relocation of a pa at Wairau
Bar in the Marlborough region of Te Waipounamu (Fig-
ure 1). This pa is referred to by some as the first in Aotearoa
and was occupied from 1300 AD (Higham et al. 1999;
Jacomb et al. 2014). It relocated following a tsunami and
was later reoccupied, evidenced by reworking of material in
middens, although it is unclear how long after the tsunami
this reoccupation occurred (King et al. 2017; McFadgen &
Goff 2007). The return to the pa following this devastating
event reflects the strong connection of Maori to their whenua
(McFadgen & Goff 2007).

While most cases of pa relocation we found are coastal,
there are also cases inland. For example, two landslide events
occurred in 1846 and 1910, impacting Te Rapa pa located on
the shores of Lake Taupd (Figure 1). These two events took
the lives of around 50-70 people of Ngati Tuwharetoa in
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Fig.2 (A) Timeline of pa relocating (completed or not); (B) national map of pa that have relocated (completed or not) in response to natural haz-
ards; and (C) causes of pa relocation based on the origin of flooding, erosion, or both

1846 and one more life in 1910 (New Zealand Herald 1910).
Both cases involved landslides and debris flows from the
Waimatai Stream above the pa (Massey et al. 2009). There is
also evidence of an earlier event at a nearby pa at the mouth
of the Omoho Stream that was buried by another landslide
in 1780 (Massey et al. 2009).

1886 Mount Tarawera Eruption—relocation
of Tuhourangi and Ngati Rangitihi pa

The hapt and iwi of Tuhourangi and Ngati Rangitihi relo-
cated following the 1886 eruption of Mount Tarawera.
Tuhourangi and Ngati Rangitihi are iwi of Te Arawa that
arrived to Aotearoa on Te Arawa waka (canoe) around 1350
from Hawaiki (Stafford 2016; Tapsell 2005). After initially
settling at Makett in the Bay of Plenty (Figure 3a), Te Arawa
spread throughout the region, particularly around the 18
lakes surrounding Rotorua (Stafford 2016). The second larg-
est of these lakes is Lake Tarawera, 14 km Southeast of the
city of Rotorua, 45 km South of Makett (Figure 3a and 3b).
In the early hours of the 10th of June 1886, a sudden basaltic
eruption of Mount Tarawera occurred, burying the famous
silica terraces Ottikapuarangi and Te Tarata (Pink and White
terraces), which were deemed by some as the eighth natural

wonder of the world (Figure 3¢ and 3d) (Keam 2016). The
eruption killed many Maori and non-Maori families, lead-
ing to ~150 fatalities (Keam 1988; Pene 2015). The Maori
survivors evacuated the area and headed to Ohinemutu at
Rotorua, seeking refuge and shelter. Many of the displaced
hapt and iwi were now landless, without kai, and without
income because the prosperous tourist economy built around
the now buried pink and white terraces was in disarray.
Tthourangi were offered lands by hapti and iwi near and far,
such as in the Coromandel, at Ngapuna, Whakarewarewa,
and Matata where Ngati Rangitihi moved to live with their
whanau that were already there (Pene 2015).

Through korero, four key themes of a relocation process
arose including tuku whenua—Iland gifting; autonomy and
decision-making; perspective on lands and infrastructure;
and the relocation site.

Tuku whenua—Iand gifting

In the wake of the devastating 1886 Tarawera eruption, sur-
vivors were dispossessed of their whanau, lands and thriving
tourist economy. These survivors were predominantly from
the two hapt of Tuhourangi and Ngati Rangitihi. Partici-
pant 1 noted “As far as Tarawera was concerned, that was
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Fig.3 (A) Geographical sites of importance to Te Arawa in the Bay
of Plenty in the context of Tuhourangi and Ngati Rangitihi. (Data
source: New Zealand 10-m Satellite Imagery (2021-2022) and
GEBCO Gridded Bathymetry (2020)); (B) Locations of pre-erup-
tion Maori settlements surrounding Lake Tarawera. Acknowledge-
ment to the Don Stafford Collection. (C) Painting of Otukapuarangi

such a traumatic event... there was nothing to go back to”.
Returning to live at the site was not deemed favourable, as
participant 2 noted “the land would have been treated like
land where blood was shed during battle, the land was tapu
to them”. Tapu is a complex topic that can be defined as
an object or a place being sacred, prohibited, or restricted
(Moorfield 2023). The prominence of the trauma of the
Tarawera eruption in intergenerational memory is reiterated
by participant 1, who said “From as long as I can remember
we all knew we came from Tarawera, but as kids we never
knew where Tarawera was..., I'm talking about the 1950’s
... That event was so traumatic that we were never going to
go back”.

Soon after the eruption, whanau, hapt and iwi with
whakapapa to Ngati Wahiao, Ngati Hurungaterangi,
Tapuika, Ngati Maru, and Ngati Rangitihi offered the two
hapt to either come and settle with them (in the case of
Ngati Rangitihi) or provided land to re-establish (in the case
of Tahourangi), often based on whakapapa. Tuku whenua
is the customary process of gifting land between whanau,
hapa, iwi, but it also occurred between Maori and Pakeha
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(fountain of the clouded sky) or Pink Terrace, circa 1900, New Zea-
land, by Charles Spencer, Charles Spencer. Purchased 2013. Te Papa
(0.041083); (D) Te Tarata (the tattooed rock) or The White Terrace,
Rotomahana, circa 1900, New Zealand, by Charles Spencer, Charles
Spencer. Purchased 2013. Te Papa (0.041082)

in the nineteenth century (Healy 2009). Based on korero for
this research and examples given in Pene (2015), there were
at least 15 offers of land from around the country, from as
far North as Hokianga (580 km away) and as far South as
Taranaki (390 km away). Surviving hapti members settled
in a range of places including:

Whakarewarewa offered by Ngati Wahiao.
Ngapuna offered by Ngati Hurungaterangi.
Otukawa (East of Te Puke) offered by Tapuika.
Hauraki(Coromandel) offered by Ngati Maru; and
Matata offered by Ngati Rangitihi.

Ngati Rangitihi also relocated post-eruption, by moving
with whanau at the coast of Matata, as mentioned by par-
ticipant 3 who shared “Matata would have been the place to
be, trade and resources. Tarawera as it is now the mountains,
pre-eruption, the focal point would have been the pink and
white terraces, after the eruption they were destroyed, hence
there wasn’t a significant pull towards living at Tarawera”.
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Autonomy and decision-making

During the interviews, strong leadership and whanau-
level decision-making shone through as powerful mecha-
nisms of the relocation process. Decisions were made by
whanau, for whanau, which ensured their best interests
were protected. As participant 1 shared “At the time the
event was so traumatic that perhaps thinking/processing
the options that were given wasn’t a high priority, we’re
lucky we survived... The other thing is that they had really
strong leadership right from the word go. We are the ones
that are left, and we must carry on... Anyone of that era
would have been very pragmatic about it”. Participant 3
discussed how leadership at the whanau level helped deci-
sion-making, “Whanau were able to deal with the issues at
hand, they dealt with them at the whanau level”.

Accompanying sound leadership, whanaungatanga and
awhi (support) played an important role. Whanaungatanga
is related to whakawhanaungatanga and whanau and which
is a collective affiliation with roles and responsibilities to
work together and support each other (McCarthy 1997;
Moeke-Pickering 1996). Whanaungatanga accompanies
awhi. Following the Tarawera eruption, these concepts
were central to the post-relief effort for the survivors,
participant 1 shared that “We had some whanau come to
Ngapuna at Ngati Hinemihi and to Ngati Tarawhai. All
our relations came to awhi us... even our whanaunga at
Coromandel, they also came and showed awhi”.

Koha (donation or contribution) was a key enabler of
successful relocation, where koha in a general sense is
part of tikanga Maori (Maori ways of doing) in formal
ceremonies and informally in everyday life such as hui
(meetings) as a symbol of reciprocity. Koha can be in the
form of food, a taonga such as a valuable cloak, ornament,
or weapon, and today often money. Koha is traditionally
offered with no expectations from those giving it, both
the donor and the recipient recognise this gesture while
both maintaining their respective mana (authority) and
self-determination (Bishop and Glynn 1999). Participant
1 reflects: “Koha was a mixture of things, there were offers
of land, but also resources, kai or even a place to sleep.
Everybody moved over and made room for you”. One of
the many gifts of land to Tthourangi was from Ngati Maru
of the Hauraki and Coromandel regions. These offers are
embedded in whakapapa, as Tamatekapua (Captain of Te
Arawa waka) is buried at Moehau, a prominent mountain
peak of the Coromandel Peninsula. This is reflected in
korero from participant 1, who shared “Some of us went to
Coromandel with Ngati Maru ... that’s where Tamateka-
pua is buried as well as Hei. People from our canoe
are buried there, we’ve got connections there, they are
whanau”. In addition, whakapapa included that Uenuku-
kopako (Son of Tuhourangi-Ancestor of Tahourangi iwi)

married Taoitekura (Daughter of Marutiahu-Ancestor of
Ngati Maru) (Pene 2015).

We can learn from these concepts and collective response
heading into the future with increased climate change
impacts, as participant 1 mentioned “The past is really how
you deal with the future... I know that if we had something
as bad as that again, we know that people would come offer-
ing bread, kai etc. different way of doing it now but the same
support is there”. Reciprocity was important in relocation as
it translated to generosity in the future as participant 3 men-
tioned “If we have to do that again I think it would lead to
reciprocity, we would repay the favour. That happened with
Tahourangi with Coromandel... Generosity often leads to
reciprocity. This cements relationships and people remember
this stuff”.

It is clear from the relocations following the Tarawera
eruption that matauranga Maori (Maori knowledge) influ-
enced actions and decision-making, as it still does today.
For example, tohu, which are defined as signals or indica-
tors, are important cues utilised by kaitiaki (guardians) and
local people, varying from environmental changes, events, or
processes, which are an aspect of matauranga Maori (Paul-
Burke et al. 2022). Regarding the Tarawera eruption, tohu
were a key indicator of the impetus of an eruption occurring,
for instance that shared by participant 1, “Raaumoko (God
of Earthquakes) is shaking, and we have to pay the price of
not putting the baby to sleep properly... Te Paea and some
of the people of Tihourangi saw a ghost waka, those were all
tohu, so they knew something was up”. Being aware of these
tohu can help with disaster preparedness and hazard man-
agement, which in a changing climate, is incredibly valuable.

Interviews highlighted that the A-frame marae near the
eruption was a more resilient design compared to the lower
pitched roofs of the European settler buildings. The A-frame
roof allowed ash to runoff, reducing ash build-up, whereas
the lower pitched roofs crumbled under the weight of the
accumulated ash, as shared by participant 2 with regard to
the marae Hinemihi “It was one of two marae that survived
the eruption due to the A-frame engineering compared to
the flatter European houses and hotels”. The extra protection
offered by the A-frame aligns with the concept of making
buildings and infrastructure more resilient to natural hazards
and is a poignant example of how Maori developed exten-
sive matauranga in engineering and construction (Treadwell
2017), and how it can be influential to the decision-making
process of adaptation to climate change.

Perspective on lands and infrastructure
Following the Tarawera eruption, a key way other hapt and
iwi offered support to the displaced hapt was by gifting

land. Land is highly valued in te ao Maori, where land is
Papattianuku (the Earth mother) to which Maori are linked
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by whakapapa, not an asset as in western discourse (Moe-
waka Barnes & McCreanor 2019). Thus, land was not
(and is not) given lightly. However, following the Taraw-
era eruption, the tikanga (right thing to do) was to sup-
port Tahourangi and Ngati Rangitihi to recover from the
tremendous loss they suffered. Tikanga was also followed
when Tahourangi returned the land at Coromandel back to
Ngati Maru in 1986, the centenary of the Tarawera erup-
tion. Participant 4 describes this event: “I remember also
when Ttuhourangi gave the land back at Coromandel, that
was 1986 as a 100-year celebration. The reasoning behind
the gifting back of that land was that we weren’t there. And
they would never presume to take back ownership, it was
under the understanding that they have given it to us, they
would never have objected. But it was the right thing to do. It
also keeps everyone happy and strengthens the ties as well”.
Land governance structures of the late nineteenth century
meant no one person owned the land, as participant 1 shares
“we never had a little spot that says that this naught .0000
[sic] belongs to this person or that person and his whanau”.
Today, land governance, land availability, and top-down
approaches to adaptation are barriers that many communities
face when trying to adapt to environmental changes, includ-
ing by relocation. As Fayazi et al. (2020) noted in their case
study of the Mohawk community of Kanesatake, Canada,
the historical loss of land created tensions which still exist
today between community and government. They posit a
settlement is required to resolve these disputes; otherwise,
they risk returning to the status quo with no advancement in
adaptation. This is a common story globally and as partici-
pant 2 shared, a bittersweet reality “Inevitably, some whanau
will have to give up some land as in history whanau have
agreed to gift some land to establish a marae, land will have
to be sacrificed”. In addition, as participant 3 posed the ques-
tion about how relocation of a pa would work, they shared
the concept of mauri (life force) that pa have, and that the
physical relocation is the easy part, but maintaining or re-
creating the mauri is the challenge, they share: “There is an
obligation of the crown to assist us in restoring the mauri.
Now it’s almost like someone needs to be responsible if peo-
ple have to be moved, for retaining/maintaining the mauri.
It would be easier if you had a prior connection to the land
you are moving to, but I don’t think that would be the case
for many people, therefore, how to establish and create one.
It’s all of those intangible values, I don’t think the physical
relocation is much of a challenge at all, it’s the values”.
The challenges faced during the relocation process by the
survivors of Tohourangi and Ngati Rangitihi were many.
Relocating away from ancestral lands comes at a cost to
physical and cultural wellbeing, which is still highly under-
studied in the literature (Felipe Pérez & Tomaselli 2021).
This is noted by participant 1 regarding sea level rise “Relo-
cation will be sad. They will always regret having to leave
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their papakainga, papa is the earth and that’s our mother. We
will always mourn the loss of it”. The decision was made
to relocate to the Coromandel region, taking up the offer of
land from Ngati Maru. In the early twentieth century, those
at Coromandel were invited back by Ngati Wahiao chief
Mita Taupopoki to live at Whakarewarewa. In doing so,
the koiwi (human remains) of Tahourangi who died while
living at Coromandel were exhumed and returned to Wha-
karewarewa where they were reinterred in the local urupa
(Waaka 1982). Whakarewarewa is now identified as the
kainga (home) of Tuhourangi alongside their whanau and
original occupiers, Ngati Wahiao, where they both remain
to this day. However, as participant 2 commented “For the
whole of both tribes, Tihourangi and Ngati Rangitihi there
has been no resettlement back at Tarawera after the erup-
tion. I only know of three Tthourangi people who are living
in houses up there”. When relocation was contextualised
with climate change, participant 2 shared “Until you’re faced
with the fact that your marae is impacted by climate change,
you’ll put the relocation off as long as you can, for sentimen-
tal reasons... Until they can be shown the evidence that this
is going to happen in the future, there is no impetus to start
to do something revolutionary such as moving their marae”.

Relocation site

Having a relocation site that provides similar and plentiful
resources, whakapapa, or opportunities for transformation
supported Tthourangi to relocate in the past and is relevant
for future relocation. The awhi from whanau and the impor-
tance of keeping whanau together was an important objec-
tive of the relocation, as participant 1 mentioned ‘“Had [sic]
whanau at Rotorua at Whakarewarewa and they said come
and stay...they also knew we could make a living, keep our
families together”.

In addition, resources and having a sense of place is an
important factor when relocation occurred for Tthourangi,
being able to call a place their own and to stand and belong
is integral. This emphasises the move away from risk is not
the end goal; for Indigenous people, it is just a step on a
journey of forging a new relationship with whenua. For
instance, participant 2 shared: “What’s clear for me is that
we all yearn for a sense of place (Tarangawaewae) which
is a driving force for Ngati Hinemihi. Ngapuna where they
settled is a stone’s throw from Whakarewarewa... However,
we wanted our own place to stand”.

A key theme that also arose out of the korero was the con-
cept of transformation and post-relocation relationships with
land. Transformation is the dominant ideal in climate change
adaptation discourse in that any form of adaptation should
change the status quo and address social injustice (Siders
et al. 2021). Transformative potential arose post-eruption
for Tahourangi at Coromandel, particularly gold mining and

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Regional Environmental Change (2024) 24:80

Page 11 0f 15 80

the thriving industry of the nineteenth century, kauri gum
digging, as emphasised by participant 4 “economic prosper-
ity could possibly have helped determine where they moved
to and what offer to take up on”. Conversely, Participant
1 stated “I actually think that it was whakapapa that drew
them to the Coromandel, economics came second. I think
at that time the push was so great to get away from Taraw-
era that they didn’t have time to think about the economic
prospects”. Korero shared by participant 2 speaks about the
similarity/replication of the relocation destination compared
to the original site. Specifically, they mentioned “When we
came to Ngapuna they had the puna (water source) to bathe,
what they were used to having before, having jobs and that
sort of business, it made sense to come here”.

Comparison of Maori relocations with contemporary
managed retreat discourse

The national textual analysis and the case study contrasted
the enablers and key considerations of a Maori relocation
process of the past with the current focus in policy discourse.
Some of these contrasts are highlighted in Table 1, such as
maintaining connection and keeping whanau together, this
should also be evident in the selection of the relocation site.
This in comparison to western notions of removing peo-
ple, disrupting social cohesion, and relocating assets away
from risk (Bronen 2010; Maldonado et al. 2013; Siders et al.
2019). Decision-making for Maori was and should be at the
whanau and hapt level, supported by iwi and made for the
collective. These decisions should also be conducted in a
reciprocal manner ensuring all people included in the pro-
cess are supported. This is in contrast to the typical western
practice of decisions being made by local, regional, and cen-
tral governments with community consultation (Farbotko &
McMichael 2019; McNamara & Des Combes 2015); how-
ever, issues remain around resourcing and effective engage-
ment. Furthermore, the view of buildings, infrastructure,

and lands as ancestors rather than assets or commodities
will impact how such entities are treated in a relocation pro-
cess. This comparison calls attention for a parallel relocation
process by Maori for Maori which ensures autonomy and
incorporates Maori worldviews and values.

Looking back to move forwards

This paper identified 51 cases of Maori pa relocation in
response to a range of physical natural hazards since pre-
colonisation (pre-1840) to present time. The case study of
Tuhourangi and Ngati Rangitihi gave a deeper insight into
a historical relocation process and that the decision-making
power sat at the whanau and hapt level and was for the col-
lective. The whanau and hapa were supported by whanau
and implemented traditional mechanisms of dealing with
natural hazards and adversity, such as whanaungatanga (rela-
tionships), awhi (support) whakapapa (genealogical connec-
tion), tuku whenua (gifts of land), koha (donation) and the
utilisation of matauranga Maori (Maori knowledge) were at
the forefront of every decision. The research highlights the
rich learnings from kaupapa Maori-based methods focused
on understanding Maori process, enablers, and barriers that
provide insight into how we can respond to climate change.
We have focused on only one example in depth after the
1886 Tarawera eruption, and there is a wealth of potential
further learnings from other examples.

Regarding the current dialogue on relocation as an option
to adapt to climate change, for Maori, it is important for
Government to acknowledge that pa and land are not just a
building or an asset with a monetary value, they are living,
breathing ancestors. Interview results reveal that relocat-
ing the physical aspects is the easy part, but the intangi-
ble aspects of pa and the land present a difficult challenge
to relocation. Establishing or maintaining the connection
between the present generation and the past is complicated,

Table 1 Points of difference between a Maori relocation process of the past with the current managed retreat discourse

Enablers Key considerations for a Maori reloca-  Current relocation process policy
tion process
Tuku whenua—TIand gifting  Availability of land Protect and keep whanau together + Remove people + assets from at risk

opportunities and resources for the

locations

collective

Autonomy/decision-making Whanau level decision-making

Perspective on infrastruc- Holistic interconnectedness

ture and lands at risk
Relocation site Keep together + maintain con-

nection to place

Decisions made for the collective
by whanau, hapt, and iwi—high
level of reciprocity—influenced by
Matauranga Maori

Ancestor rather than asset—more than
bricks and mortar

Decisions made for the individual by
local, regional, and central govern-
ment—Ilow reciprocity—influenced
by Western Science and processes

Asset and infrastructure—bricks and
mortar

End goal = maintain and create connec- End goal = move away from risk
tion and tdrangawaewae to whenua +

transformation
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and there is no one right solution. However, if relocation
is autonomous, by Maori for Maori, perhaps drawing from
decision-making processes from the past, then innovation
can occur as to how this connection is maintained in a relo-
cation process.

A view to the past has strongly highlighted the need for
an autonomous approach to climate change relocation by
Maori for Maori. This process should avoid a “one size fits
all” notion. Whanau and hapt have the authority and the
capacity to lead in this space and with their rich histories
of relocation, local implementation, and adaptability. Not-
withstanding this wealth of experience and knowledge, we
cannot negate that society as a whole has a role to support
Indigenous adaptation. In the context of Maori, given Te
Tiriti o Waitangi, regardless of its debated intention, the
Crown has an obligation to actively protect Maori lands and
cultural sites and to support kaitiakitanga over their lands.
If these principles are not ensured, adaptation risks breach-
ing Te Tiriti.

Despite all of the aforementioned legality, an opportu-
nity exists for substantial change. In establishing a paral-
lel autonomous relocation process for Maori by Maori, we
begin the process of redress, as autonomy initiates redress. If
the Crown enables a parallel autonomous whanau and hapt
led relocation process and provides lands or resources for
relocation, this is a first step in rebuilding the relationship
between Maori and the Crown. This alone is a worthwhile
endeavour. While this research concerns the Indigenous peo-
ples of Aotearoa, we hope that it will also stimulate discus-
sion within Indigenous communities globally.
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Acknowledgements We acknowledge the contribution and involve-
ment of whanau, and our participants from Tahourangi and Ngati Ran-
gitihi, your support and willingness to participate in this research is
greatly appreciated. We are grateful to Manuariki Tini for her support
and facilitating contact with participants.

Funding Open Access funding enabled and organized by CAUL and
its Member Institutions. This work was supported by The Resilience to
Natures” Challenges — National Science Challenge, Built and Coastal Pro-
grammes and Akina Te Tt Kaupapa Maori Research Fund, The Univer-
sity of Waikato — School of Science Student Trust Research Grant, Maori
Education Trust Scholarship, Ngati Whakaue Education Endowment
Trust, Kapenga M Trust, Rotoiti 15 Trust, Tauhara Geothermal Chari-
table Trust Education Grant, Tuwharetoa Education Grant, Rangiriri &
Matene Te Whiwhi Winiata Scholarship, and the Bay of Plenty Regional
Council He Toka Tu Moana — Toi Moana Environmental Scholarship.

Data Availability In line with the CARE (Collective benefit, Authority
to control, Responsibility and Ethics) principles devised by (Carroll et
al. 2020) and as outlined in Maori and Indigenous data sovereignty
principles, we do not provide exact locations of Maori sites referred
to in this paper, only regional locations, and links to sources of these
examples. This ensures we maintain respectful and ethical relationships
with the people from which this data originates. In line with our ethical

@ Springer

approval, raw interview data are not provided. Cases from the tex-
tual analysis are available from: Treaty of Waitangi Settlement Docu-
ments (https://www.tearawhiti.govt.nz/te-kahui-whakatau-treaty-settl
ements/), Maori maps (https://maorimaps.com/), Pressreader (https://
www.pressreader.com/), and Google search engine.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Albert S, Bronen R, Tooler N, Leon J, Yee D et al (2018) Heading for the
hills: climate-driven community relocations in the Solomon Islands
and Alaska provide insight for a 1.5 °C future. Reg Environ Change
18(8):2261-2272. https://doi.org/10.1007/s10113-017-1256-8

Allgood L, McNamara KE (2017) Climate-induced migration:
exploring local perspectives in Kiribati. Singap J Trop Geogr
38(3):370-385. https://doi.org/10.1111/sjtg.12202

Amare G, Gacheno D (2021) Indigenous knowledge for climate smart
agriculture—a review. Int J Food Sci Agric 5(2):332-338. https://
doi.org/10.26855/ijfsa.2021.06.019

Awatere S, King DN, Reid J, Williams L, Masters-Awatere B et al
(2021) He huringa ahuarangi, he huringa ao: a changing climate,
a changing world. Retrieved from http://www.maramatanga.co.
nz/report/he-huringa-huarangi-he-huringa-ao-changing-clima
te-changing-world

Bailey-Winiata AP, Gallop SL, Hikuroa D, White I (2022) The role of
coastal marae in natural hazard response and climate change adap-
tation. New Zealand Coastal Society Special Publication, 41-44.
https://www.coastalsociety.org.nz/assets/Uploads/files/SP5-Coast
al-Adaptation-Complete-reading-version.pdf#page=49

Bailey-Winiata AP (2021) Understanding the potential exposure of
coastal marae and urupa in Aotearoa New Zealand to sea level
rise. (Masters), Retrieved from https://hdl.handle.net/10289/
14567 Tauranga, New Zealand:The University of Waikato

Barnett J, McMichael C (2018) The effects of climate change on
the geography and timing of human mobility. Popul Environ
39(4):339-356. https://doi.org/10.1007/s11111-018-0295-5

Bishop R (1995) Collaborative research stories: Whakawhanaunga-
tanga. (Doctor of Philosophy), Retrieved from http://hdl.handle.
net/10523/531 Dunedin, New Zealand:University of Otago

Bishop R (1999) Kaupapa Maori research: an Indigenous approach
to creating knowledge. Maori and Psychology Research Unit,
Hamilton. https://hdl.handle.net/10289/874

Bishop R, Glynn T (1999) Researching in Maori contexts: an interpre-
tation of participatory consciousness. J Intercult Stud 20(2):167—
182. https://doi.org/10.1080/07256868.1999.9963478

Bodeker G, Cullen N, Katurji M, McDonald A, Morgenstern O et al
(2022). Aotearoa New Zealand climate change projections guid-
ance: interpreting the latest IPCC WG report findings. (CR
501). Retrieved from https://environment.govt.nz/assets/publi
cations/Aotearoa-New-Zealand-climate-change-projections-
guidance-Feb-23.pdf

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Regional Environmental Change (2024) 24:80

Page 130f 15 80

Bronen R (2010) Forced migration of Alaskan indigenous communities
due to climate change. In: Afifi T, Jager J (eds) Environment, forced
migration and social vulnerability. Springer, Berlin, pp 87-98

Bronen R (2015) Climate-induced community relocations using
integrated social-ecological assessments to foster adaptation
and resilience. Ecol Soc 20(3):1-9. https://doi.org/10.5751/
ES-07801-200336

Bronen R, Cochran P (2021) Decolonize climate adaptation research. Sci-
ence 372(6548):1245-1245. https://doi.org/10.1126/science.abi9127

Bronen R, Pollock D, Overbeck J, Stevens D, Natali S et al (2020)
Usteq: integrating indigenous knowledge and social and physi-
cal sciences to coproduce knowledge and support community-
based adaptation. Polar Geogr 43(2-3):188-205. https://doi.org/
10.1080/1088937x.2019.1679271

Brundage A (2017) Going to the sources : a guide to historical research
and writing. John Wiley & Sons, Incorporated, Newark

Carroll SR, Garba I, Figueroa-Rodriguez OL, Holbrook J, Lovett R,
Materechera S, Parsons M, Raseroka K, Rodriguez-Lonebear
D, Rowe R, Sara R, Walker J, Anderson J, Hudson M (2020)
The CARE principles for indigenous data governance. Data Sci
J19(43):1-12. https://doi.org/10.5334/dsj-2020-043

Canuel R, MacKenzie E, Senior A, Torabi N (2017) Apps for aca-
demic success: developing digital literacy and awareness to
increase usage. Educ Inf 33(3):135-152. https://doi.org/10.3233/
EFI-160085

Cochran P, Huntington O, Pungowiyi C, Tom S, Chapin F et al (2013)
Indigenous frameworks for observing and responding to climate
change in Alaska. Climate change and Indigenous peoples in the
United States. In: Maldonado JK, Colombi B, Pandya R (eds)
Climate change and Indigenous peoples in the United States.
Springer, Cham, pp. 557-567

Desmarais F (2023) Cyclone Gabrielle: $15m package to support
Maori communities. Retrieved from https://www.1news.co.nz/
2023/02/28/cyclone-gabrielle-15m-package-to-support-maori-
communities/. Accessed July 2023

Dexter G (2023) Climate change minister’s legislative balancing act
after Gabrielle. Radio New Zealand. Retrieved from https://www.
rnz.co.nz/news/national/484507/climate-change-minister-s-legis
lative-balancing-act-after-gabrielle. Accessed July 2023

Eketone A (2008) Theoretical underpinnings of Kaupapa Maori
directed practice. MAI Review, 1. Target Article. http://hdl.han-
dle.net/10523/7084

Farbotko C, Lazrus H (2012) The first climate refugees? Contesting
global narratives of climate change in Tuvalu. Global Environ
Change 22(2):382-390. https://doi.org/10.1016/j.gloenvcha.
2011.11.014

Farbotko C, McMichael C (2019) Voluntary immobility and existential
security in a changing climate in the Pacific. Asia Pac Viewp
60(2):148-162 (https://onlinelibrary.wiley.com/doi/abs/10.1111/
apv.12231)

Fayazi M, Bisson I-A, Nicholas E (2020) Barriers to climate change
adaptation in indigenous communities: a case study on the
mohawk community of Kanesatake, Canada. Int J Disaster Risk
Reduct 49. https://doi.org/10.1016/j.ijdrr.2020.101750

Felipe Pérez B, Tomaselli A (2021) Indigenous peoples and climate-
induced relocation in Latin America and the Caribbean: managed
retreat as a tool or a threat? J Environ Stud Sci 11(3):352-364.
https://doi.org/10.1007/s13412-021-00693-2

Fish CS (2020) Cartographic content analysis of compelling climate
change communication. Cartogr Geogr Inf Sci 47(6):492-507.
https://doi.org/10.1080/15230406.2020.1774421

Ford JD, Smit B, Wandel J, Allurut M, Shappa K et al (2008) Cli-
mate change in the Arctic: current and future vulnerability in
two Inuit communities in Canada. Geogr J 174(1):45-62 https://
rgs-ibg.onlinelibrary.wiley.com/doi/abs/10.1111/j.1475-4959.
2007.00249.x

Ford JD, Berrang-Ford L, Bunce A, McKay C, Irwin M et al (2015)
The status of climate change adaptation in Africa and Asia.
Reg Environ Change 15(5):801-814. https://doi.org/10.1007/
s10113-014-0648-2

Ford JD, King N, Galappaththi EK, Pearce T, McDowell G et al (2020)
The resilience of Indigenous peoples to environmental change. One
Earth 2(6):532-543. https://doi.org/10.1016/j.oneear.2020.05.014

Forster M (2019) He Tatai Whenua: environmental genealogies. Gene-
alogy 3(3):1-14. https://doi.org/10.3390/genealogy3030042

Glavovic BC, Saunders WSA, Becker JS (2010) Land-use planning for
natural hazards in New Zealand: the setting, barriers, ‘burning
issues’ and priority actions. Nat Hazards 54(3):679-706. https://
doi.org/10.1007/s11069-009-9494-9

Godoi VA, Bryan KR, Gorman RM (2018) Storm wave clustering
around New Zealand and its connection to climatic patterns. Int
J Climatol 38:401-417. https://doi.org/10.1002/joc.5380

Goff JR (2021) New Zealand’s tsunami death toll rises. Nat Hazards
107(2):1925-1934. https://doi.org/10.1007/s11069-021-04665-1

Goff JR, Chagué-Goff C (2001) Catastrophic events in New Zealand
coastal environments. Retrieved from Lyttleton: https://www.doc.
govt.nz/globalassets/documents/science-and-technical/casn333.pdf

Google Developers (2022) Site: search operator. Retrieved from https://
developers.google.com/search/docs/advanced/debug/search-
operators/all-search-site. Accessed Dec 2022

Grace-McCaskey CA, Pearce SC, Harris L, Corra M, Evans KJ
(2021) Finding voices in the floods of Freedom Hill: innovat-
ing solutions in Princeville, North Carolina. J Environ Stud Sci
11(3):341-351. https://doi.org/10.1007/s13412-021-00701-5

Hanna C, Cretney R, White I (2022) Re-imagining relationships with
space, place, and property: the story of mainstreaming managed
retreats in Aotearoa-New Zealand. Plan Theory Pract 23(5):681—
702. https://doi.org/10.1080/14649357.2022.2141845

Hanna C, White I, Glavovic B (2017) Managed retreat in New Zea-
land: revealing the terminology, approaches and direction of
local planning instruments. Retrieved from https://hdl.handle.
net/10289/14288

Hayes S, O’Neill S (2021) The Greta effect: visualising climate protest
in UK media and the Getty images collections. Global Environ
Change 71:102392. https://doi.org/10.1016/j.gloenvcha.2021.
102392

Healy S (2009) ‘Tuku Whenua’as customary land allocation: con-
temporary fabrication or historical fact? J Polynesian Soc
118(2):111-134. http://www.jstor.org/stable/20707478

Henry E, Pene H (2001) Kaupapa Maori: locating Indigenous ontology,
epistemology and methodology in the academy. Organization
8(2):234-242. https://doi.org/10.1177/1350508401082009

Higham T, Anderson A, Jacomb C (1999) Dating the first New Zea-
landers: the chronology of Wairau Bar. Antiquity 73(280):420—
427. https://doi.org/10.1017/S0003598X00088360

Hikuroa D (2020) Matauranga Maori and its role in coastal manage-
ment. New Zealand Coastal Society Special Publication, pp 5-9.
https://www.coastalsociety.org.nz/assets/Publications/Special-
Issues/SP4-Low-res-version.pdf

IPCC (2022) Climate change 2022: impacts, adaptation, and vulner-
ability. Contribution of Working Group II to the Sixth Assess-
ment Report of the Intergovernmental Panel on Climate Change.
In: Pértner DCRH-O, Tignor M, Poloczanska ES, Mintenbeck K,
Alegria A, Craig M, Langsdorf S, Loschke S, Moller V, Okem
A, Rama B (eds). Cambridge University Press https://www.ipcc.
ch/report/ar6/wg2/

Jacomb C, Holdaway RN, Allentoft ME, Bunce M, Oskam CL et al
(2014) High-precision dating and ancient DNA profiling of moa
(Aves: Dinornithiformes) eggshell documents a complex feature
at Wairau Bar and refines the chronology of New Zealand settle-
ment by Polynesians. J Archaeol Sci 50:24-30. https://doi.org/
10.1016/j.jas.2014.05.023

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



80 Page140f15

Regional Environmental Change (2024) 24:80

Jones R, Bennett H, Keating G, Blaiklock A (2014) Climate change and
the right to health for Maori in Aotearoa/New Zealand. Health
Hum Rights J 16(1):54-68. https://pubmed.ncbi.nlm.nih.gov/
25474611/

Ka’ai TM, Higgins R (2004) Te ao Maori - Maori world-view. In: Ka’ai
TM, Moorfield JC, Reilly MPJ, Mosley S (eds) Ki te Whaiao:
an introduction to Maori culture and society. Pearson Education
New Zealand, Auckland, pp 13-26

Keam RF (1988) Tarawera: the volcanic eruption of 10 June 1886. R.F
Keam, Auckland

Keam RF (2016) The Tarawera eruption, Lake Rotomahana, and the
origin of the Pink and White Terraces. J Volcanol Geotherm
Res 314:10-38. https://doi.org/10.1016/j.jvolgeores.2015.11.009

Kearney A, Bradley J, Brady LM (2019) Kincentric ecology, species
maintenance and the relational power of place in Northern Aus-
tralia. Oceania 89(3):316-335. https://doi.org/10.1002/ocea.5232

King DN, Penny G, Severne C (2010) The climate change matrix fac-
ing Maori society. In: Nottage RAC, Wratt DS, Bornman JF,
Jones K (eds) Climate change adaptation in New Zealand: future
scenarios and some sectoral perspectives. New Zealand Climate
Change Centre, Wellington, pp 100-111

King DN, Goff JR, Chagué-Goff C, McFadgen B, Jacobsen GE
et al (2017) Reciting the layers: evidence for past tsunamis at
Mataora-Wairau Lagoon, Aotearoa-New Zealand. Mar Geol
389:1-16. https://doi.org/10.1016/j.margeo.2017.05.001

King DN, Shaw WS, Meihana PN, Goff JR (2018) Maori oral histo-
ries and the impact of tsunamis in Aotearoa-New Zealand. Nat
Hazards Earth Syst Sci 18(3):907-919. https://doi.org/10.5194/
nhess-18-907-2018

King DN, Manawatu M, Shaw WS (2020) Comparing and combin-
ing ethnographic records with active Maori histories to provide
insights on tsunami hazard. Quat Res 95:43-55. https://doi.org/
10.1017/qua.2019.84

Kukutai T, Russo Carroll S, Walter M (2020) Indigenous data sov-
ereignty. In Mamo D (ed) The Indigenous world 2020, 34 edn.
Copenhagen, Denmark, pp 654-662. http://iwgia.org/images/
yearbook/2020/IWGIA_The_Indigenous_World_2020.pdf

Lawrence J, Boston J, Bell R, Olufson S, Kool R et al (2020) Imple-
menting pre-emptive managed retreat: constraints and novel
insights. Curr Clim Change Rep 6(3):66-80. https://doi.org/10.
1007/540641-020-00161-z

Lomnitz C (2004) Major earthquakes of Chile: a historical survey,
1535-1960. Seismol Res Lett 75(3):368-378. https://doi.org/10.
1785/gssrl.75.3.368

Mahuika N (2019) Rethinking oral history and tradition: an indigenous
perspective. Oxford University Press, Oxford, New York

Maldonado JK, Shearer C, Bronen R, Peterson K, Lazrus H (2013)
The impact of climate change on tribal communities in the
US: displacement, relocation, and human rights. Clim Change
120(3):601-614. https://doi.org/10.1007/s10584-013-0746-z

Maric T (2016) From the valley to the shore: a hypothesis of the spatial
evolution of ceremonial centres on Tahiti and Ra’iatea, Society
Islands. J Polyn Soc 125:239-262. https://doi.org/10.3316/infor
mit.470760463064020

Massey C, Beetham D, Severne C, Archibald G, Hancox G et al (2009)
Field investigations at Waihi Landslide, Taupo 30 June & 1 July
2009 Retrieved from https://static.geonet.org.nz/info/reports/
landslide/SR_2009-034.pdf

Mbah M, Ajaps S, Molthan-Hill P (2021) A systematic review of the
deployment of Indigenous knowledge systems towards climate
change adaptation in developing world contexts: implications for
climate change education. Sustainability 13(9):4811. https://doi.
org/10.3390/su1309481 1

McCarthy M (1997) Raising a Maori child under a new right state.
In: Te Whaiti P, McCarthy M, Durie A (eds) Mai i Rangiatea.
Auckland University Press - Bridget Williams Books, Auckland

@ Springer

McConnell JR, Chellman NJ, Mulvaney R, Eckhardt S, Stohl A et al
(2021) Hemispheric black carbon increase after the 13th-century
Maori arrival in New Zealand. Nature 598(7879):82-85. https:/
doi.org/10.1038/s41586-021-03858-9

McEvoy D, Mitchell D (2019) Climate resilient land governance in the
global south. In: Davoudi S, Cowell R, White I, Blanco H (eds)
The Routledge companion to environmental planning. Routledge,
London, pp 225-237

McEvoy D, Mitchell D, Trundle A (2020) Land tenure and urban
climate resilience in the South Pacific. Clim Dev 12(1):1-11.
https://doi.org/10.1080/17565529.2019.1594666

McFadgen BG, Goft JR (2007) Tsunamis in the New Zealand archae-
ological record. Sediment Geol 200(3):263-274. https://www.
sciencedirect.com/science/article/pii/S0037073807000243

McMurdo Hamilton T, Canessa S, Clark K, Gleeson P, Mackenzie F
et al (2021) Applying a values-based decision process to facilitate
comanagement of threatened species in Aotearoa New Zealand.
Conserv Biol 35(4):1162-1173. https://doi.org/10.1111/cobi.13651

McNamara KE, Des Combes HJ (2015) Planning for community relo-
cations due to climate change in Fiji. Int J Disaster Risk Sci
6(3):315-319. https://doi.org/10.1007/s13753-015-0065-2

McNamara KE, Westoby R (2011) Local knowledge and climate
change adaptation on Erub Island, Torres Strait. Local Environ
16(9):887-901. https://doi.org/10.1080/13549839.2011.615304

McNamara KE, Westoby R, Smithers SG (2017) Identification of lim-
its and barriers to climate change adaptation: case study of two
islands in Torres Strait, Australia. Geogr Res 55(4):438-455.
https://doi.org/10.1111/1745-5871.12242

McNamara KE, Westoby R, Chandra A (2021) Exploring climate-
driven non-economic loss and damage in the Pacific Islands.
Curr Opin Environ Sustain 50:1-11. https://doi.org/10.1016/j.
cosust.2020.07.004

McWethy DB, Whitlock C, Wilmshurst JM, McGlone MS, Fromont M
et al (2010) Rapid landscape transformation in South Island, New
Zealand, following initial Polynesian settlement. Proc Natl Acad Sci
107(50):21343-21348. https://doi.org/10.1073/pnas.1011801107

Mead HM (2003) Tikanga Maori: living by Maori values. Huia Pub-
lishers, Wellington

Mercier OR, Stevens N, Tia A (2011) Matauranga Maori and the
data-information-knowledge—wisdom hierarchy: a conversa-
tion on interfacing knowledge systems. MAI J 1(2):103-116.
https://www.journal.mai.ac.nz/content/m%C4%8 1 tauranga-m%
C4%81ori-and-data%E2%80%93information%E2%80%93kno
wledge%E2%80%93wisdom-hierarchy-conversation-interfacing

Ministry for the Environment (2022) Our future resource management
system: overview — Te Pinaha Whakahaere Rauemi o Anamata:
Tirowhanui, Wellington. Retrieved from https://environment.
govt.nz/assets/publications/RM-reform/Our-future-resource-
management-system-overview.pdf. Accessed Mar 2023

Ministry of Justice (2021) Contemporary claims. Retrieved from
https://www.waitangitribunal.govt.nz/inquiries/contemporary-
claims/. Accessed Mar 2023

Moeke-Pickering T (1996) Maori identity within Whanau: a review of
literature. . Retrieved from https://researchcommons.waikato.ac.
nz/bitstream/handle/10289/464/content.pdf?sequence=1&isAll
owed=y. Hamilton:University of Waikato

Moewaka Barnes H, McCreanor T (2019) Colonisation, hauora and
whenua in Aotearoa. J R Soc N Z 49(sup1):19-33. https://doi.
org/10.1080/03036758.2019.1668439

New Zealand Herald (1910) Lake Taupo landslip. New Zealand Her-
ald. Retrieved from https://paperspast.natlib.govt.nz/newspapers/
NZH19100323.2.80. Accessed Aug 2022

Newton J, Paci CDJ, Ogden A (2005) Climate change and natural
hazards in northern Canada: integrating Indigenous perspec-
tives with government policy. Mitig Adapt Strat Global Change
10(3):541-571. https://doi.org/10.1007/s11027-005-0060-9

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Regional Environmental Change (2024) 24:80

Page 150f 15 80

ODESC (2007) National hazardscape report. Wellington. NZ,: Officials’
Committee for Domestic and External Security Coordination,
Retrieved from https://www.civildefence.govt.nz/assets/Uploads/
publications/national-hazardscape-report-sept-2007-complete.pdf

Orange C (2020) The treaty of Waitangi / Te Tiriti o Waitangi: An
Ilustrated History. Bridget Williams Books, Wellington. https://
doi.org/10.7810/9781988587189

Paul-Burke K, Ngarimu-Cameron R, Paul W, Burke J, Cameron K et al
(2022) Nga tohu o te taiao: observing signs of the natural world
to identify seastar over-abundance as a detriment to shellfish
survival in Ohiwa Harbour, Aotearoa/New Zealand. N Z Sociol
37(1):186-210. Other Journal Article. https://search.informit.org/
doi/10.3316/informit.370473699963108

Pene DGR (2015) Sites of significance to Tthourangi. Tthourangi
Tribal Authority, Rotorua

Petzold J, Andrews N, Ford JD, Hedemann C, Postigo JC (2020)
Indigenous knowledge on climate change adaptation: a global
evidence map of academic literature. Environ Res Lett 15(11).
https://doi.org/10.1088/1748-9326/abb330

Piggott-McKellar AE, McNamara KE, Nunn PD, Sekinini ST (2019) Mov-
ing people in a changing climate: lessons from two case studies in
Fiji. Soc Sci 8(5):133. https://www.mdpi.com/2076-0760/8/5/133

Pihama L, Cram F, Walker S (2002) Creating methodological space: a
literature review of Kaupapa Maori research. Can J Native Educ
26(1):30-43. http://ezproxy.waikato.ac.nz/login?url=https://
www.proquest.com/scholarly-journals/creating-methodological-
space-literature-review/docview/230302719/se-2

Powick K (2003) Maori research ethics : a literature review of the
ethical issues and implications of kaupapa Maori research and
research involving Maori for researchers, supervisors and ethics
committees. Wilf Malcolm Institute of Educational Research,
School of Education, University of Waikato

Rameka L (2016) Kia whakatomuri te haere whakamua: ‘I walk backwards
into the future with my eyes fixed on my past.” Contemp Issues Early
Child 17(4):387-398. https://doi.org/10.1177/1463949116677923

Reilly MPJ (2004) Whanaungatanga. In: Ka’ai TM, Moorfield JC, Reilly
MPJ, Mosley S (eds) Ki te Whaiao: an introduction to Maori cul-
ture and society. Pearson Education, Auckland, pp 61-72

Ruru J (2013) Indigenous restitution in settling water claims: the devel-
oping cultural and commercial redress opportunities in Aotearoa,
New Zealand. Pac Rim L Pol’y J 22:311. https://digitalcommons.
law.uw.edu/wilj/vol22/iss2/5

Siders AR, Ajibade I (2021) Introduction: managed retreat and envi-
ronmental justice in a changing climate. J Environ Stud Sci
11(3):287-293. https://doi.org/10.1007/s13412-021-00700-6

Siders AR, Ajibade I, Casagrande D (2021) Transformative potential
of managed retreat as climate adaptation. Curr Opin Environ Sus-
tain 50:272-280. https://doi.org/10.1016/j.cosust.2021.06.007

Siders AR, Hino M, Mach KJ (2019) The case for strategic and man-
aged climate retreat. Science (American Association for the
Advancement of Science) 365(6455):761-763. https://doi.org/
10.1126/science.aax8346

Simms JRZ, Waller HL, Brunet C, Jenkins P (2021) The long goodbye
on a disappearing, ancestral island: a just retreat from Isle de Jean
Charles. J Environ Stud Sci 11(3):316-328. https://doi.org/10.
1007/s13412-021-00682-5

Skinner D (2016) The Maori meeting house: introducing the Whare
Whakairo. Te Papa Press, Wellington

Smith LT (2012) Decolonizing methodologies: research and indigenous
peoples, 2nd edn. Otago University Press, Dunedin

Stafford D (2016) Te Arawa: a history of the Arawa people, 2016th edn.
Oratia Books, Auckland

Stokes E (1992) The treaty of Waitangi and the Waitangi tribunal:
Maori claims in New Zealand. Appl Geogr 12(2):176-191.
https://doi.org/10.1016/0143-6228(92)90006-9

Storey D, Hunter S (2010) Kiribati: an environmental ‘perfect storm.”
Aust Geogr 41(2):167-181. https://doi.org/10.1080/0004918100
3742294

Tapsell P (2005) Te Arawa. Retrieved from https://teara.govt.nz/en/
te-arawa/print. Accessed Mar 2022

Tau TM, Anderson A, Carrington AH (2008) Ngai Tahu : a migration
history : the Carrington text. Bridget Williams Books, Wellington

Moorfield JC (2023) Te Aka: Maori Dictionary. https://www.maori
dictionary.co.nz/

Te Potiki National Trust L (2011) New Zealand marae. Retrieved from:
https://maorimaps.com/info. Accessed Aug 2022

Thomas K-L, Kaiser L, Campbell E, Johnston D, Campbell H et al (2020)
Disaster memorial events for increasing awareness and prepared-
ness: 150 years since the Arica tsunami in Aotearoa- New Zealand.
Aust J Emerg Manag 35(3):71-78. Journal Article. https://search.
informit.org/doi/10.3316/informit.309549570138929

Treadwell J (2017) Cosmology and structure: the Tahuhu in the 19th-
century whare Maori. J Polynesian Soc 126(1):93-122. https://
doi.org/10.15286/jps.126.1.93-122

Tubridy F, Scott M, Lennon M (2021) Managed retreat in response to
flooding: lessons from the past for contemporary climate change
adaptation. Plan Perspect 36(6):1249-1268. https://doi.org/10.
1080/02665433.2021.1939115

Van Aalst MK (2006) The impacts of climate change on the risk of
natural disasters. Disasters 30(1):5-18. https://doi.org/10.1111/j.
1467-9523.2006.00303.x

Waaka PKS (1982) Whakarewarewa: the growth of Maori village.
(Masters of Arts). University of Auckland, Auckland

Walker S, Eketone A, Gibbs A (2006) An exploration of kaupapa
Maori research, its principles, processes and applications. Int
J Soc Res Method 9(4):331-344. https://doi.org/10.1080/13645
570600916049

Walsh-Tapiata W (2003) A model for Maori research: Te whakaeke i te
ao rangahau o te Maori. In: Munford R (ed) Making a difference
in families: research that creates change. Routledge, London, p 19

Walter S, Briiggemann M, Engesser S (2018) Echo chambers of denial:
explaining user comments on climate change. Environ Commun
12(2):204-217. https://doi.org/10.1080/17524032.2017.1394893

Whyte KP (2017) Indigenous climate change studies: indigenizing
futures, decolonizing the Anthropocene. English Lang Notes
55(1):153-162. https://doi.org/10.1215/00138282-55.1-2.153

Whyte KP, Talley J, Gibson J (2019) Indigenous mobility traditions,
colonialism, and the anthropocene. Mobilities 14(3):319-335.
https://doi.org/10.1080/17450101.2019.1611015

Whyte KP (2016) Is it colonial déja vu? Indigenous peoples and cli-
mate injustice. In: Adamson J, Davis M, Huang H (eds) Humani-
ties for the environment. Earthscan, pp 88—104. https://doi.org/
10.2139/ssrn.2925277

Wildcat DR (2014) Introduction: climate change and indigenous peo-
ples of the USA. In: Maldonado JK, Colombi B, Pandya R (eds)
Climate change and Indigenous peoples in the United States:
impacts, experiences and actions. Springer International Publish-
ing, Cham, pp 1-7

Winiata M (1956) Leadership in pre-European Maori society. J Poly-
nesian Soc 65(3):212-231. http://www.jstor.org.ezproxy.waika
to.ac.nz/stable/20703560

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature™).

Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial.

These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply.

We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy.

While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not:

1. use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access
control;

2. use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is
otherwise unlawful;

3. falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in
writing;

4. use bots or other automated methods to access the content or redirect messages

5. override any security feature or exclusionary protocol; or

6. share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal
content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository.

These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved.

To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose.

Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties.

If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at

onlineservice(@springernature.com



mailto:onlineservice@springernature.com

