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Abstract
Effective communication is a key enabler of climate change adaptation in agricultural systems. However, different actors 
frame adaptation, transition, and transformation in varied ways, influencing how change is understood and acted upon. This 
study uses Natural Language Processing (NLP) and machine learning to analyse how climate adaptation is communicated 
across five actor groups in Aotearoa New Zealand: media, farm advisory services, researchers, Indigenous Māori, and 
government. We apply topic modelling, sentiment analysis, collocation network analysis, and word embedding models to 
five purpose-built corpora to identify dominant themes, emotional tones, and framings of responsibility and agency. This 
methodological approach enables systematic, large-scale comparison of discourses, offering insights into how adaptation 
narratives evolve and diverge across sectors. Our findings highlight both overlaps and tensions in how different actors com-
municate about climate risks and responses. For example, while some narratives emphasise innovation and opportunity, 
others centre on uncertainty or systems-level transformation. These differences have practical implications for how messages 
are received, interpreted, and acted upon by farmers and stakeholders. By identifying areas of alignment and dissonance, 
we show how NLP tools can support the design of more targeted and effective communication strategies. This contributes 
to methodological innovation in climate communication research and offers practical value for policymakers, advisors, and 
communicators seeking to accelerate adaptation through more resonant messaging. Our study demonstrates the potential of 
data-driven discourse analysis to support climate-resilient agricultural futures.

Keywords  Climate change adaptation · NLP · Corpus analysis · Agricultural change · Climate change communication · 
Aotearoa New Zealand

Introduction

Climate change is marked by decreasing rainfall, more fre-
quent heatwaves, droughts, storms, and floods, all of which 
disrupt our environment and affect lifestyles, economies, 
governance, and planning (Campbell-Lendrum et al. 2023; 
IPCC 2023; Adger 2006). As the sector most sensitive to 
climatic shifts, the primary sector is being profoundly (re)
shaped by climate change, which alters the conditions essen-
tial for food production and availability, creating cascad-
ing effects on food security and global economic stability 
(Abbass et al. 2022; Ortiz-Bobea 2021). Reducing agricul-
tural vulnerability to climate change is a global concern that 
requires strategic, cross-sectoral adaptation (Thiault et al. 
2019). As the impacts of climate change become more acute, 
there are growing calls for transformational adaptation and 
economic and social transitions to more sustainable and 
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resilient practices (Berrang-Ford et al. 2021; Wilson et al. 
2020; Termeer et al. 2016; Gillard et al. 2016; Pelling 2010). 
Despite the growing interest in, and attention on, theories 
and practices of transformation, persistent barriers and a lack 
of action for implementation remain (Berrang-Ford et al. 
2021; Leiter 2021).

Bridging the gap between climate change planning and 
adaptive action requires greater attention to how adaptation 
is communicated (Artega et al. 2023; Perga et al. 2023). 
We use Natural Language Processing (NLP), computational 
linguistic method, to analyse language through statistical 
patterns and relation extraction, an innovative approach 
to climate change adaptation which identifies meaningful 
patterns in text (Gil-Clavel et al. 2025). Our comprehen-
sive comparative linguistic analysis of five purpose-built 
corpora explores how changes related to the effects of cli-
mate change are framed in A-NZ across groups that have 
an influence on agricultural decision-making. We used 
NLP tools to analyse language across the texts, focusing 
on tone, meaning, and how key terms are framed. After 
removing common words, we applied methods like TF-
IDF, BERT-tiny embeddings, and sentiment analysis with 
TextBlob. Collocation networks helped identify how words 
are connected, while FastText models trained for each cor-
pus showed related terms based on meaning.

To understand the potential for change in the primary sec-
tor, we use NLP to explore framing of the terms change, 
transitions, and transformation. These terms describe 
complex processes that entail shifts at personal, cultural, 
organizational, institutional, and systems levels (O’Brien 
& Sygna 2013). Change has been described as a dynamic 
interplay between persistence and alteration(s) at multiple 
levels, recognising and responding to multi-scale and cross-
scale dynamics (Meadowcroft 2009; Geels & Schot 2007). 
The term transition is mostly used in the context of inten-
tional, directive processes, that can be more gradual in their 
dynamic, and happen in higher-level, higher-scale develop-
ments (e.g. whole sector transitions to renewable energy 
sources, cf. Biresselioglu et al. 2020). The term transforma-
tion is used to describe more drastic, non-linear, large-scale 
changes (Pelling et al. 2015; Goepel 2016; Hoelscher et al. 
2018; Folke et al. 2010). Distinctions between the terms and 
concepts are not always clear-cut, and there are several over-
laps (Hoelscher et al. 2018). Those overlaps are one of the 
reasons why measuring progress or the status quo of reac-
tions to climate change, be it adaptation or resilience building 
or even transformation, is challenging (Sietsma et al. 2024).

Depending on the framing of such terminology, com-
munication can either influence the willingness to act in 
response to climate change or diminish its likelihood of suc-
cess (Perga et al. 2023; Hornsey et al. 2022; de Vries 2020; 
Holmes & McEwen 2020). Framing emphasises specific 

attributes of an issue while downplaying others (Badullovich 
et al. 2020), which can impact how an issue is perceived and 
understood. This influence extends to how people think and 
reason about environmental issues. Various studies in behav-
ioural, neurophysiological, and linguistic domains contribute 
to our understanding of climate adaptation and transforma-
tion (Flusberg et al. 2017). Examining how groups that affect 
agricultural decisions communicate about change, how they 
frame it in their conversations and texts can reveal some of 
the underlying principles that guide priorities and policies 
(Fløttum et al. 2014).

Improving reactions to climate change is particularly 
relevant for Aotearoa New Zealand (A-NZ), a small, devel-
oped economy in the Pacific. Here, climate-sensitive pri-
mary industries provide an outsized contribution to GDP 
(relative to other developed nations), as well has having a 
complicated—and increasingly contested—history of colo-
nisation and European settlement. Contemporary A-NZ, 
with its economic, social, and cultural prominence of agri-
culture, and dynamic social, and cultural milieu, provides a 
rich, empirical context for examining the context for change 
(Spector et al. 2019; Cradock-Henry 2021). To remain via-
ble, its primary sector must adapt, transition, and transform 
(Kirk & Cradock-Henry 2022; Renwick et al. 2019; Vermeu-
len et al. 2018; Rickards & Howden 2012). Transformation 
of agriculture is unlikely to happen without interventions 
(Renwick et al. 2019). However, unlike the European Union 
or the USA, A-NZ does not incentivise land-use changes 
through subsidies but rather attempts to influence it through 
channels such as resource management framework, global 
market trends, consumer preferences, and behavioural and 
psychological factors (Renwick et al. 2019).

Our analysis showcases differences between the public, 
government, an advisory body organisation, research, and 
Māori (indigenous population of A-NZ), in how they com-
municate change within A-NZ’s primary sector. Commu-
nication is one factor in a complex web of contributors to 
resilience and transformation (Han & Niles 2023). Our study 
contributes to that broader conversation by using NLP to 
indicate where there is potential for agreement on a change 
in the primary sector’s direction. It is organised as follows. 
Next, we introduce our methods and materials. This is fol-
lowed by results of our comparative study. Results contribute 
to a clarification similarities and differences in the usage of 
these concepts across five groups that have an influence agri-
cultural change and have the potential to assist in navigat-
ing uncertainties stemming from differences in definitions. 
We discuss potential objectives, preferences, and values that 
have the power to shape individual and collective attempts 
to change, transitions, or transform (Pelling et al. 2015; Pat-
terson et al. 2016). We close with reflections on the influence 
of communicating change in relation to adaptation strategies 
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within the primary sector more generally, and its implica-
tions in other domains.

Using natural language processing 
to understand change potential

Machine learning and Natural Language Processing (NLP) 
approaches are increasingly used to analyse reactions to 
climate change by categorising and comparing language 
(Sietsma et al. 2024; Schäfer & Hase 2023). NLP helps 
researchers manage and understand the vast amount of tex-
tual data on climate change (Sietsma et al. 2024). However, 
critics argue that overreliance on empiricism and biases in 
data selection and interpretation can undermine research. 
They emphasise the need to integrate computational meth-
ods with theoretical perspectives to improve climate change 
research (Schäfer & Hase 2023; Lahsen 2022; Grundmann 
2021).

NLP has been used in climate change research to analyse 
the significance of climate change relative to other concerns 
and identify key actors in public discourse (Schäfer & Hase 
2023). Climate change research benefits from NLP due to 
its rapid growth and diverse perspectives. Studies have used 
NLP to track public opinion over time (Dahal et al. 2019), 
analyse social media communities (Kaushal et al. 2022), 
understand audience behaviour (Yan et al. 2021), compare 
arguments (Schaefer & Stede 2022), examine interdepend-
encies between science and policy discourse (Smith et al. 
2021), and explore positions in climate change debates 
(Biesbroek et al. 2020; Adam et al. 2020). Additionally, NLP 
is well suited to the study of adaptation to climate change, 
for assessing the status of adaptation progress or its potential 
(Berrang-Ford et al. 2021). NLP is valuable for studying 
climate adaptation by assessing its progress and potential 
(Berrang-Ford et al. 2021). Although NLP does not meas-
ure adaptation outcomes, it provides insights into adaptation 
processes (i.e. “where and how is adaptation occurring?”) 
(Sietsma et al. 2024).

We use NLP to situate and compare the discourse of five 
influential groups in A-NZ’s primary sector. We expect com-
munication on change in reaction to climate change challenges 
to differ between these groups. The degree and complexity of 
differences allow us to discuss more or less likely pathways to 
cohesively approach the challenges the primary sector experi-
ences today and in the future. Understanding where and under 
what conditions influential stake- and rightsholders (dis)agree 
can affect the degree of change we see in the primary sector. 
For example, contradictory positions and a lack of consensus 
among governments and publics on the existence and impacts 
of climate change have been a challenge for implementation 
and action in the past (Bertana et al. 2022). We draw on this 
in our conceptualisation and discussion.

Methods and material

We created five corpora to compare the framing of change, 
transition, and transformation in A-NZ’s primary sector 
across media, government, advisory bodies, researchers, 
and Māori (Table 1). Several actors influence A-NZ’s agri-
cultural change dynamics (Kirk 2025; Driver et al. 2023). 
A-NZ’s government increasingly implements regulations, 
incentives, and programs to tackle environmental challenges 
in agriculture, shaping how farmers engage with knowledge 
and interact with their advisors (Kirk et al. 2022). He Waka 
Eke Noa, included as an advisory body voice, is described 
as representing dominant activities, focused on optimisation 
of existing systems (Klerkx et al. 2022). Māori interests are 
deeply embedded in climate-sensitive sectors such as agri-
culture, forestry, horticulture, and tourism (Awatere et al. 
2021). The effects of the climate crisis are being felt across 
Aotearoa and will intensify over time, with disproportionate 
impacts on communities already affected by colonisation and 
systemic injustices, including Māori (Cretney et al. 2024). 
Te ao Māori (Māori world view) provides a major opportu-
nity to transform climate adaptation, introducing innovative 
perspectives that can reshape existing approaches, such as 
valuing reciprocity over profit, recognising the role of guard-
ianship, and centring collective well-being (Lawrence et al. 
2023). Māori have unique responsibilities and ownership 
structures under a long-standing agreement with the Crown. 
Through direct tribal affiliations, trusts, and companies, iwi 
(Māori tribes) manage approximately 6% of A-NZ’s total 
land area, and have interests in several primary industries, 
including dairying, horticulture, and viticulture. Indigenous 
knowledge also plays a vital role in guiding infrastructure 
decisions that incorporate nature-based solutions, support-
ing both climate adaptation and cultural revitalisation (Reid 
et al. 2024).

To analyse how public discourse on agricultural change 
has evolved over time, we used broad search terms in the 
Factiva database (Agriculture AND Resilience, Agriculture 
AND Transformation, Agriculture AND Climate Change, 
and Agriculture AND Cyclone Gabrielle), retrieving 
3983 media items, including television, radio, blogs, and 

Table 1   Text dataset summary: raw and cleaned word totals

Word count before 
cleaning

Word count after 
cleaning

RES 2,400,367 1,490,922
WAI 587,903 314,282
ADV 69,308 40,425
GOV 2,436,111 1,252,456
PUB 4,111,458 2,329,796
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newspaper articles, published between 1990 and 2023.1 This 
corpus reflects shifts in societal attitudes and the framing 
of issues by journalists, influencing public perception.2 We 
downloaded 48 policies, acts, strategies, and plans relevant 
to farming to understand the regulatory and policy landscape 
affecting the primary sector (see supplementary material). 
These documents offer insights into government priorities, 
responses to environmental and economic challenges, and 
the evolution of policy frameworks.

We downloaded all reports and guidance documents from 
He Waka Eke Noa, a partnership between the New Zealand 
Government, the primary sector, and iwi/Māori. This program 
aims to reduce agricultural greenhouse gases and improve 
water quality. Analysing these documents offers insights into 
collaborative efforts, attitudes toward voluntary versus regula-
tory approaches, and the integration of traditional knowledge 
with contemporary environmental management. We chose to 
include this to look into communication by an advisory body 
that sits between farmers and government.

To include Māori perspectives, we built a corpus con-
sisting of the 2011 Waitangi Tribunal3 report, Ko Aotearoa 
Tēnei, into the Wai 262 claim. The Wai 262 claim, com-
monly known as the Fauna, Flora, and Intellectual Property 
Rights claim was presented to the Waitangi Tribunal in 1991 
by six claimants on behalf of themselves and their iwi (tribe) 
and sought the protection of taonga Māori (treasured posses-
sion) by tāngata Māori.4 As the first whole-of-government 
inquiry, the Wai 262 claim is one of the most complex and 
far-reaching in the Tribunal’s history. Ko Aotearoa Tēnei 
suggests changes to laws, policies, or practices in various 
sectors, including inter alia, the protection of indigenous 
plants and animals. It also touches on resource management 
and conservation. These proposals call for modifications in 
legislation and the creation of new collaborative entities. 
Analysing responses to this claim can illuminate discussions 
around indigenous rights, biodiversity, and cultural heritage 
in the context of primary sector changes. This corpus is key 
to understanding the intersection of cultural, environmental, 
and economic considerations.

We conducted a Scopus search for publications on agri-
culture, resilience, and agricultural change/transformation/

adaptation (see supplementary material for search strings). 
This research offers insights into the scientific, technologi-
cal, and economic aspects of change in the primary sector. 
The corpus highlights emerging trends, innovations, and the 
academic community’s response to sector challenges. Com-
parative analysis may reveal gaps between research recom-
mendations and public discourse or policy action.

“RES” refers to a corpus of Scopus titles and abstract. 
“WAI” refers to a corpus of Wai262 claim documents. 
“ADV” refers to a corpus of He Waka Eke Noa reports. 
“GOV” refers to a corpus of government documents. 
Finally, “PUB” refers to a corpus of 3983 media outputs 
downloaded from Factiva, which we analyse to reflect on 
public discourse.

Several methods were applied to understand the cor-
pora and compare how they frame change, transition, and 
transformation as well as related terms and concepts. We 
pre-processed the corpora by removing common function 
words using NLTK’s stop words Corpus. We used TextBlob, 
Scikit-learn, PyTorch, Transformers, and the online tool 
LancsBoxX (Brezina and Platt 2023; Brezina et al. 2020) for 
collocation network analyses. Descriptive methods were 
applied to understand lexical and semantic similarities, tone, 
and subjectivity.

Lexical similarity was calculated using the cosine simi-
larity of TF-IDF matrices, while semantic similarity was 
determined using BERT-tiny word embeddings and cosine 
similarity of their average meanings. To generalise scores for 
each corpus, we averaged the pairwise comparisons across 
the other four corpora. We used TextBlob’s PatternAnalyzer 
for word-level sentiment analysis, scoring polarity from − 1 
(most negative) to 1 (most positive) and subjectivity from 0 
to 1 (most subjective).

We conducted specific searches, including collocation 
analysis and word embeddings, to understand terminol-
ogy framing across corpora. Collocation graphs display (i) 
shared collocates and (ii) cross-associations between nodes, 
expandable as networks. The associated table (see supple-
mentary material) provides information on each collocate: 
(i) distribution, (ii) collocation frequency, (iii) overall corpus 
frequency, and (iv) statistical measures. For each corpus, we 
trained a separate Gensim FastText model (Bojanowski et al. 
2017), thereby making the FastText word embeddings spe-
cific to each corpus and not comparable with our other cor-
pora. For each model, we calculated a list of 10 words that 
have the shortest cosine distance to a given search term’s 
word embedding.

Results

The next subsection presents the results of our lexical and 
semantic comparison.

1  Please refer to our supplementary material for a year-by-year over-
view of the media items.
2  This approach may entail a selection bias, as relevant narratives or 
framings of agricultural change not captured by the chosen search 
terms could be underrepresented.
3  The Waitangi Tribunal is a quasi-judicial forum for hearing claims 
regarding violations of Māori treaty rights, referring to property and 
resource rights guaranteed to Māori under the 1840 Treaty of Wait-
angi (cf. Levine 2010).
4  Including protection, conservation, management, treatment, propa-
gation, sale, dispersal, utilisation, and restriction on the use of and 
transmission of the knowledge of New Zealand Indigenous Flora and 
Fauna and their resources.
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General overview, descriptive statistics

We looked at the most frequently occurring words across 
all corpora, where we see little overlap apart from change, 
climate, and new. Next, we continued by comparing Term 
Frequency Inverse Document Frequencies (TF-IDF), a cal-
culation of how relevant a word is in a corpus relative to 
its relevancy to all corpora, for each corpus’s 5000 most 
frequent words (Table 2). This insight into characteristic 
words for each of our corpora provides an initial assess-
ment for the framing of terms.

While each group of texts focuses on distinct themes 
and topics, there are some commonalities and overarch-
ing connections that can be identified based on these top 
20 words: Most groups (RES, ADV, GOV, PUB) show a 
dominant concern related to climate change, including its 
impacts, adaptation strategies, greenhouse gas emissions, 
and government policies. The ADV and PUB corpus high-
light the significance of agriculture, particularly in terms 
of emissions, mitigation plans, and the impact of climate 
change on the farming sector. RES and WAI groups touch 
on community-related aspects, with RES emphasising com-
munity response and social models, while WAI focuses on 
Māori rights, cultural heritage, and relationships.

We checked for lexical and semantic similarities in 
corpus pairs and used those to calculate the mean lexical 
and semantic similarities for each corpus. These scores in 
Table 3 show that lexically, the PUB corpus is the most like 
the other four corpora, followed by RES, ADV ~ WAI, and 
GOV. Semantically, RES and ADV are respectively equally 
like the other four corpora, followed by PUB, GOV, and 
WAI. Taking both scores together, we observe that PUB is 
the most central corpus, followed by RES, ADV, and GOV; 
WAI stands out the most from the rest of the corpora.

As Table 4 shows, our sentiment analysis suggests that 
RES contains more objective and less positive words than 
the other frameworks, while ADV contains more subjective 
words than the other frameworks.

Our descriptive statistics reinforce the observation that 
the WAI and GOV corpora are the most divergent out of our 
corpora, and that PUB is the most central.

Specific searches

Concordances and context across our corpora

We plotted collocation graphs and networks to explore the 
contexts in which transformation, change, and transitions are 
framed within the corpora. Collocation analysis of the use of 
terminology and presence of related concepts shows (a) dif-
ferences in presence and relevance of the terms/concepts and 
(b) differences in how the terms/concepts are situated and 
contextualised. We used log Dice and a frequency filter for 
a clearer display. Edge length indicates collocation strength, 

Table 2   Top 20 distinctive words for each text collection, based on 
TF-IDF scores (out of 5,000 total terms analysed). TF-IDF stands 
for Term Frequency–Inverse Document Frequency. It’s a common 

method in text analysis used to identify how important a word is in 
a specific document compared to a collection (or “corpus”) of docu-
ments

RES “climate”, “change”, “study”, “adaptation”, “vulnerability”, “resilience”, “risk”, “system”, “impact”, “community”, “adaptive”, “man-
agement”, “water”, “result”, “forest”, “area”, “capacity”, “author”, “social”, “model”

WAI “māori”, “te”, “new”, “taonga”, “zealand”, “crown”, “downloaded”, “kaitiaki”, “mātauranga”, “also”, “work”, “ngāti”, “interest”, “reo”, 
“act”, “treaty”, “right”, “claimant”, “policy”, “conservation”

ADV “farm”, “emission”, “ghg”, “farmer”, “model”, “milestone”, “plan”, “eke”, “gas”, “programme”, “change”, “greenhouse”, “waka”, 
“climate”, “noa”, “increase”, “dairy”, “new”, “tool”, “total”

GOV “section”, “act”, “may”, “person”, “land”, “must”, “amendment”, “authority”, “new”, “plan”, “management”, “part”, “resource”, 
“amended”, “change”, “notice”, “inserted”, “zealand”, “environment”, “area”

PUB “new”, “zealand”, “said”, “year”, “farmer”, “government”, “right”, “million”, “emission”, “change”, “climate”, “also”, “say”, “inc”, 
“would”, “agriculture”, “farm”, “need”, “business”

Table 3   Mean lexical and semantic similarities for each corpus

Corpus Mean lexical 
similarity

Mean semantic 
similarity

Combined lexical 
and semantic simi-
larity

RES 0.35 0.90 0.63
WAI 0.32 0.82 0.57
ADV 0.32 0.90 0.61
GOV 0.30 0.86 0.58
PUB 0.42 0.89 0.66

Table 4   Polarity and subjectivity of corpora

Corpus Polarity (− 1 to 1) Subjectivity (0 to 1)

RES 0.08 0.40
WAI 0.11 0.44
ADV 0.10 0.47
GOV 0.07 0.44
PUB 0.11 0.42
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with closer collocates showing stronger associations. Col-
locate circle size reflects collocation frequency, while colour 
indicates corpus frequency. The graph positions collocations 
based on text positions, spreading out overlapping collocates 
for clarity.

There are no shared collocations between transition and 
transformation in our GOV corpus (Fig. 1), but they both 
share collocates with change. Transition and change share 
collocations that reflect “where” (environment, economy, 
energy, department, district, country, state, local), “why” 
(environment, economy, need, effect, clause, time, part), and 
“how” (developing, planning, response, process, commence-
ment, support, minister, new, national, act, notice, clause) 
shifts are discussed in A-NZ governmental documents. In 
this context, transitions are strongly connected to lowering 
emissions, and the response is again connected to authorita-
tive decision-making (force, manager, authorises, declared) 
as a response to urgency (emergency, termination, recovery, 
end, immediately). On its own, collocations with transitions 
reflect a top-down, authoritative decision space, with a high 
prevalence of timelines and temporality associated with 
transitions (period, end, immediately, appear, terminate, 
extension, come, gradient, developing), local and national 
scales, roles, and contexts (pm, rma, manager, authorises, 
emergency, arrangements, force, declared), and effects (equi-
table, low emissions).

We performed more in-depth exploration of the relevance 
of transformation and find the term appears most frequently 

in the context of sector and agency (cf. supplements). Plotted 
as a network in connection with agriculture and new, we see 
that transformation appears in the context of departmental 
units and tasks (ministry, secretary, portfolio, mpi, direc-
tor general, minister, subpart, amendment, act, new section, 
council).

Figure 2 shows the collocation network between change, 
transition, and transformation for the RES corpus. Here, 
there is a more nuanced connection between terms. Trans-
formation and change in the research corpus share the col-
locates impact, vulnerability, and effect. Transition and 
change share the collocates risk and economy. All three 
share several collocates that describe different scales/sys-
tems (global, system, societal, environmental), directions 
and classification of change (pathway, forward, towards, 
adaptation, transition, change, transformation), classic 
research terminology (study, theory, concept, insight), 
and characteristics/implications of changes (innovation, 
sustainable, sustainability). Collocations around change 
occurrences show the highest overall frequencies in col-
locations. Change mostly co-occurs with the terms vulner-
able (453 collocations, 1979 overall corpus), variability 
(425 collocations, 1613 overall corpus), and climatic (425 
collocations, 1519 overall corpus). Transformation mostly 
co-occurs with digital (63 collocations, 318 overall cor-
pus) and agrifood (22 collocations, 97 overall corpus). 
Transition with low_carbon (9 collocations, 38 overall 
corpus) and agrarian (8 collocations, 62 overall corpus).

Fig. 1   Collocation network for 
the governance corpus, showing 
shared and non-shared colloca-
tions between the terms change, 
transition and transformation
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When plotting the connection between agriculture and 
transformation (cf. supplements), we find agriculture in 
the context of climate-smart, regenerative, diversified, 
smallholder, conservation practices, and respective vulner-
ability. Transformation is framed around who, where, and 
why: who is involved (lead, political, agency, enterprise, 
corporate), where transformation takes place (cross-scale, 
boundary, societal, socio-ecological, corporate, systemic, 
transport), and how it takes effect (rapid, deliberate, simi-
larly, learning, lead, profound).

As can be seen in Fig. 3, the terms transition and trans-
formation are less present in WAI262. Change is mostly 
associated with environment, recommend, and land.

We mapped out the collocations for land and change, 
future, and water to situate the framing of change in a 
resource use context.

This mapping provides valuable insight into the relational 
view on change, as exemplified through the shared colloca-
tions connecting the words change and water: māori, rela-
tionship, land. This relationship is reiterated through some 
of the collocations and contexts land and change share: 
mātauranga (knowledge), taonga (treasure), environmental, 
culture. The external codification of this relationship through 
the settler state is part of this context too (crown, act). The 
importance of guarding future developments against the 
background of the relationship between humans and the 
environment is visible in the collocation contexts of the 
words change and future; they share the collocations kaitiaki 
(guardian), past, generation, reo, and work.

To look at the framing of transformation in WAI, we 
decided to also map the collocations for environment and 
food, to clarify against which background transformation 
can be discussed (Fig. 4). We then performed additional 
searches to clarify the background to conversations about 
change, environment, transitions, and transformation (cf. 
supplements).

The words ministry and relationship show the highest 
frequencies and strongest statistical relationship of co-
occurrences with environment, followed by environment, 
natural, kaitiakitanga, court, and management. As the size 
of the circles show, relationship is a word that is frequently 
discussed in the corpus, as are the words ministry, kaitiaki, 
and management. A further search on relationship shows the 
following collocations with highest frequency and statistical 
values: kaitiaki, species, taonga, environment, mātauranga, 
and protect (cf. supplementary material).

Next, we mapped collocations for He Waka Eke Noa 
documents in our ADV corpus. The term transformation 
does not appear in the corpus and is unrelated to change 
and transition (Fig. 5). Transition and change share the 
collocations farm and plan. The term change is mostly 
discussed in the context of climate, rainfall, regional, and 
opportunity. The collocation network shows one addi-
tional, unshared, collocate for transition, namely end.

A more specific search on transitions, farm, and end 
shows a clear association with emissions planning and quan-
tifying (documented, milestone, model, type, programme, 
manage, measure, reporting, report, sector, my_imprint, 

Fig. 2   Collocation network for 
the research corpus, showing 
shared and non-shared colloca-
tions between the terms change, 
transition and transformation
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Fig. 3   Collocation network for 
the WAI 262  corpus, showing 
shared and non-shared colloca-
tions between the terms change, 
transition and transformation

Fig. 4   Collocation network for 
the WAI 262 corpus, showing 
shared and non-shared colloca-
tions between the terms land, 
change, water and future
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written), particularly in the context of sheep and dairy farm-
ing, which is not surprising given the characteristics of the 
group as supporting emissions reduction in the sector (cf. 
supplements).

We analysed the PUB corpus using a subsample of 
100,000 random paragraphs (1,125,748 words before clean-
ing; 638,769 words after cleaning). Results show (Fig. 6) the 
position of change in the context of climate, impact, com-
mission, and government. The most frequent collocations 
of transition are hybrid, low_emissions, economy, helping, 
and european. Most frequent collocations with transforma-
tion include biopesticide, agrarquest, subsequently, digital, 
and agritec. In this subsample, the three terms share the col-
locates plan, new, need, farmer, zealand, and government. 
Transformation and change share collocations that reflect 
on added value (innovation, growth, value, leading). Tran-
sition and change share collocations reflecting on direction 
of change and where/how change takes effect (economy, 

energy, sustainable, fuel), while underscoring the need for 
support (help, support, helping).

Overall, the collocation networks show that PUB and 
RES most comprehensively connect change, transition, and 
transformation. PUB links change to specific events and peo-
ple, involving national, European, and global governmental 
actors. GOV emphasises a task-oriented framing around 
change and transitions. ADV does not connect transforma-
tion with the other terms but discusses specific pathways 
for transitions and change. WAI shares collocations but also 
includes context on other terms like environment and land, 
relating to the three key terms within their respective group 
discourses.

Word embeddings

Finally, we compared the word embeddings of the follow-
ing search terms in each of the corpora. Table 5 shows the 

Fig. 5   Collocation network 
for the Advisory Body corpus 
(He Waka Eke Noa), showing 
shared and non-shared colloca-
tions between the terms change, 
transition and transformation
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closest words to search term, its semantic meaning in the 
specific corpus the model was trained upon.

Change is predominantly discussed in the context of cli-
mate effects. While there is some overlap in terms across 
all groups, each group has its unique focus and emphasis. 
RES puts emphasis on projective aspects, anticipating future 
environmental changes, while WAI contextualises change 
with structural considerations, mitigating endangerment and 
proactive approaches. ADV is focused on adaptable strate-
gies, diverse outcomes, and tools for emission reduction. 
GOV shows emphasis on legislative responses, addressing 
environmental impact and vulnerabilities, while PUB talks 
about real-world actions, adaptive patterns, and addressing 
public needs.

Climate co-occurs with terms like “change” and “impact” 
across all groups, but each group maintains its unique 
emphasis. RES focuses on projective assessments, current 
impacts, and unanticipated events. WAI on conditions, cul-
tivation, catastrophic events, and environmental ambiguity. 
ADV on adaptable strategies and practical approaches. GOV 
on legislative responses in the context of vulnerability, and 

hazard mitigation. PUB on public discourse and ameliora-
tion efforts.

Transformation. RES focuses on institutional and sys-
temic transformation, WAI more specifically on transpor-
tation and various forms of information. ADV has limited 
mentions of “transformation”. GOV puts emphasis on 
processes related to governance, including institutional 
transition, innovation, systemic approaches, and reflexive 
pluralisation for actualisation, and PUB on innovation 
and realignment in the public discourse.

Key terms associated with transition highlight the diverse 
perspectives and emphases of each group. RES focuses on 
fundamental transformation and renovation, decarboniza-
tion, and progressive reorientation in the context of climate 
resilience and adaptation. WAI on language-related concepts 
(transliteration, translation), transportation, and transactions. 
ADV on transformative changes, and gradual changes in the 
agricultural emission reduction programme. GOV on tran-
sient provisions, continuation, and commencement in the 
context of environmental management legislation, and PUB 
on generational plans and acting in the public discourse.

Fig. 6   Collocation network for 
the media publications corpus, 
showing shared and non-shared 
collocations between the terms 
change, transition and transfor-
mation
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Discussion

Climate change and its impacts and implications evolve 
dynamically—and the way we conceptualise, act on, and 
talk about adaptation, transitions, and change must be equally 
flexible and accommodating of complexity (see e.g. Artega 
et al. 2023; Dilling et al. 2023). Our comparison of corpora 
reveals varied emphasis on future impacts, strategies, and per-
ceptions, illustrating the multi-dimensional nature of change. 
We observe differences in narratives and framing of change, 
e.g. between government and He Waka Eke Noa, who place 
higher value on economic concerns, and the WAI corpus, that 
places higher value on relational concerns. Regarding future 
impacts, each corpus emphasises different aspects: Research 
(RES) focuses on climate projections (consistent with the 
prevailing top-down, outcome-oriented approach to assessing 
climate impacts), while He Waka Eke Noa (WAI) on intui-
tive responses and potential loss. Sustainable agriculture and 
legislative responses are emphasised in Advocacy (ADV) and 

Government (GOV) respectively. Despite these variations, 
common themes like “action”, “innovation”, and “outcome” 
are evident across all corpora, indicating a shared interest in 
practical results and government involvement in addressing 
climate change and environmental management. In a recent 
analysis of submissions to A-NZ’s National Adaptation Plan, 
Cretney et al. (2024) find a similar breadth of framing when 
analysing adaptive futures.

Communication on climate change effects and reaction 
tends to be uncoordinated; potential synergies in commu-
nication remain underexplored and -used (Schwarzinger 
et al. 2019). Based on the diversity shown in our results, 
there is an opportunity to improve the integration of sci-
entific, indigenous, practical, and policy perspectives as 
part of comprehensive primary sector strategies. Providing 
holistic information can support planning and is itself an 
implicit acknowledgement of the complex decision con-
texts facing farmers. There is, however, no silver bullet 
for communicating climate change (Troy 2025; Ranney & 

Table 5   Word embeddings model results

Model results change

  RES climate, impact, unanticipated, future, variability, forthcoming, current, global, projective, environmental
  WAI structurally, prosaically, endangerment, midrange, really, reap, mitigate, outset, sparingly, impoverishment
  ADV climate, adaptable, bell, chance, outcome, toolbox, storminess, clip, projection, box
  GOV climate, pressure, climax, impact, decimate, severity, variability, vulnerability, catastrophic, imperative
  PUB climate, real, action, adaption, pattern, need, irrational, reverse, commiseration, causation

Model results climate
  RES change, future, current, forthcoming, projective, impact, presently, variability, potential, unanticipated
  WAI climbing, cultivate, catastrophic, cooler, pest, countless, ambiguous, sparse, pollutant, plus
  ADV change, adaptable, bell, outcome, mary, tackle, viable, toolbox, opportunity, chance
  GOV change, impact, vulnerability, hazard, pressure, decimate, adapter, magnitude, mimic, climbing
  PUB change, adaption, action, combative, disaster, tackling, amelioration, real, mitigation, scalping

Model results transformation
  RES transition, transilience, institutionalism, innovation, systemic, preconception, reflexively, pluralization, actualiza-

tion, unlocking
  WAI transportation, transplantation, transduction, decimation, totipotent, affirmation, fermentation, conjugation, 

segregation, information
  ADV TRANSFORMATION appeared in ADV less than 10 times
  GOV prefabrication, formation, information, indication, augmentation, compilation, desiccation, sophistication, multi-

plication, production
  PUB innovation, visionary, underdevelopment, realignment, scalping, renovation, digitally, deceleration, shaper, real-

izing
Model results transition
  RES transformation, transilient, fundamentally, decarbonization, renovation, preconception, socialization, pluraliza-

tion, progressive, reorientation
  WAI transliteration, transduction, translation, transportation, transgression, nutrition, tuition, motion, radiation, 

transaction
  ADV transferred, transparent, transformative, transportation, trait, trend, gradual, unplanned, trade, edition
  GOV transient, provision, mansion, redemption, saving, continuation, relinquishment, proclamation, germination, 

commencement
  PUB transient, recommitment, regeneratively, need, action, generational, plan, supporting, moving, taking
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Velautham 2021). Although there is evidence that com-
munication influences behaviour, research climate fram-
ing and its effects are still emerging (Badullovich 2022). 
Adaptation, involving behavioural changes to navigate 
climate challenges, requires complex decisions (Cradock-
Henry et al. 2019). Individuals are more likely to make 
adaptation decisions when they are influenced by experi-
ences and historical knowledge (Lie et al. 2023; Koerth 
et al. 2016), incentivised by policy (Buelow & Brower 
2023), and have the capacity for making changes or are 
surrounded by others who are starting to implement 
change (Cismaru et al. 2011). Perceptions of communica-
tion are influenced by prior beliefs, values, and heuristics 
that influence decision-making (Quick et al. 2011). Thus, 
while our analysis cannot lead to a single solution, we 
highlight the following takeaways, each written with the 
aim of strengthening the connection between the five mes-
sage “senders” analysed here and farmers as their intended 
audience: inclusive communication for a changing sector, 
bridging narratives, and diverse engagement with different 
perspectives.

Inclusive communication for a changing sector  The way 
we talk about change plays a pivotal role in shaping adap-
tation strategies within the primary sector (Vulturius et al. 
2020; Yorgey et al. 2017). Understanding the discourse 
around change between groups provides critical insights 
for policymaking, industry planning, and societal response. 
Comparing the ways change is understood and discussed 
by different groups can illuminate their priorities, concerns, 
and openness to innovation or conservation efforts. It might 
allow communication strategists to address the structure and 
root causes of vulnerabilities embedded in different exposure 
and capability as well as perceived responsibility to act on 
climate change, and offer rationales for action (Griffin et al. 
2023). Inclusive communication can foster collaboration 
among relevant stakeholders, including farmers, research-
ers, policymakers, and extension agents (Bolden et al. 2018). 
Such collaborative efforts can lead to the development of 
innovative adaptation strategies and the pooling of resources 
to address common challenges. While the groups we analyse 
exhibit diverse perspectives and emphases, they are gener-
ally aligned with respect to the need for change and innova-
tion. The diversity we observe provides an opportunity for 
tailored, yet complementary approaches, with each corpus 
making a unique contribution to understanding and driving 
change in the primary sector. Climate change communica-
tors therefore should aim to unite audiences by promoting a 
shared ambition with respect to climate resilience and sus-
tainability while tailoring messages to specific groups (Hine 
et al. 2014). Primary producers want to be sustainable and 
cope with adverse climatic shocks, regardless of any trust 
or belief in the science of climate change (Yletyinen et al. 

2024). Recognising the broader political, social, and cultural 
contexts of transformation acknowledges its “vital complexi-
ties” (Stirling et al. 2023), requiring deeper engagement with 
diverse knowledges and openness to different perspectives 
on change and transformation (Pérez-Hämmerle et al. 2024). 
Crafting meta-narratives or meta-visions could potentially 
reconcile disparate viewpoints, bridging the differences we 
see between our corpora, to foster more inclusive discus-
sions on change, transitions, and transformation (Rout et al. 
2021; Fage-Butler et al. 2022; Wong et al. 2013; Greenhalgh 
et al. 2005).

Bridging narratives  We find that the Public (PUB) corpus 
demonstrates the highest lexical overlap with other corpora, 
particularly with He Waka Eke Noa documents (ADV), 
indicating a resonance with public discourse. Conversely, 
Government (GOV) texts exhibit a more neutral tone and 
high subjectivity, due to legal jargon. The distinctiveness of 
the GOV corpus therefore suggests a potential gap in com-
munications strategies between the government and other 
stakeholders, emphasising the need for more engaging and 
accessible approaches. Because broad public support is cru-
cial for driving the changes needed to tackle climate change 
(Geiger et al. 2021), aligning government communication 
with public discourse may help bring stakeholders’ perspec-
tives closer together and improve policy implementation. 
However, communication does not occur in isolation: knowl-
edge brokers including media, think tanks, and advocacy 
groups are more effective at influencing policy when they 
align ideologically with policymakers (García-Hombrados 
et al. 2024). Futures are also influenced by factors beyond 
climate change, including rising political polarisation, grow-
ing authoritarianism, and the actions of those who hold or 
can access power (Cretney et al. 2024). The challenge, there-
fore, is to strengthen communication channels that work 
across ideological divides. Creating transformative adaptive 
futures requires governance that moves beyond consultation 
to actively build capacity, support, and partnerships, foster-
ing relationships, empowerment, and diverse collective and 
individual identities (Cretney et al. 2024).

Diverse engagement with different perspectives  Knowl-
edge sharing can increase social learning in agriculture 
(Harvey et al. 2012). One challenge to consider regarding 
the potential non-engagement across groups is attributed 
to the formation of “echo chambers”, where like-minded 
individuals reinforce their beliefs, hindering collaboration 
and consensus-building (Sakieh 2024). Groups that share 
similar dialogues often employ similar rhetorical strategies 
as part of their efforts to advance their interests and values in 
the management of specific resources and locations, which 
may involve conflict and consensus-building (Maclean et al. 
2014). The stories we tell ourselves about transformation 
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in scientific writing as well as in policy documents are “(to 
varying degrees) […] unduly singular, deterministic, cat-
egorical” (Stirling et al. 2023, p.2). This is where discourse 
carries power; the way we talk about an issue, the way we 
tell a story, holds methodological, analytical, political, and 
transformative potential (Harris 2022). Such discourse, 
such as storytelling, is used by individuals and groups to 
(re)create meaning, including sense of self, and how they 
relate to others, reinforce identities (Elliott 2005). By iden-
tifying how different stakeholders frame climate adapta-
tion through tone and terminology, our study reveals where 
views align or differ. This insight can help inform messaging 
that unites audiences, emphasising collective responsibil-
ity and shared values, rather than compounding divisions. 
Additional research could explore how storylines based on 
different framings of change are perceived across groups. 
Based on our results, framing change, transitions, and trans-
formation around innovation appears to be the least con-
fronting approach across the groups whose communication 
we analysed. This framing could therefore serve as a useful 
starting point for communicating pathways toward general 
change, specific transitions, and/or broader transformation. 
This is very much in line with exploration of positive and 
encouraging messaging, which can affect behaviour (Baden 
et al. 2019). However, considering the diversity of framings 
regarding change, transitions, and transformation in the cor-
pora, it is important to consider if and how messages with 
“dissonant” information challenge farmers’ world views and 
values, which could decrease the likelihood of change inten-
tions and actions (Nisbet et al. 2015). This is also affected 
by attitudes toward the sender of messages, e.g. their per-
ceived trustworthiness (Kerr et al. 2022; Brick et al. 2018; 
Pornpitakpan 2004), and the framing of information, e.g. 
how persuasively it is worded (Buelow and Brower 2023; 
Waedegaard et al. 2024). If the aim is to encourage behav-
iour change, audience segmentation, which involves dividing 
the audience into groups based on key characteristics, could 
focus on the main drivers and obstacles related to the desired 
actions (Hine et al. 2014).

Finally, it is important to note that NLP and ML identify 
patterns and trends but interpreting these results in A-NZ’s 
unique socio-political and cultural context requires addi-
tional insights. Future work could involve more detailed 
analysis of corpora and exploration of stakeholder percep-
tions. Engaging with A-NZ primary sector stakeholders can 
validate findings and uncover new insights. Given the unique 
position of the WAI corpus, in particular, further research 
could explore how indigenous knowledge and perspectives 
on environmental management and change can be more 
fully integrated into national strategies and discussions. 
Research could also explore integrating Māori knowledge 
into national strategies, particularly through engagement 

with Māori communities and concepts. Additionally, exam-
ining how the five groups describe change and how these 
descriptions are perceived by farmers compared to the pub-
lic or decision-makers could highlight differing adaptation 
preferences.

Conclusion

The accelerating impacts of climate change have significant 
implications for productive systems, including agriculture, 
and adaptation is urgently needed. To gain insight into the 
potential for transformational change within primary indus-
tries, using A-NZ as a case study, the findings underscore the 
critical need for drafting more inclusive and multi-dimen-
sional communication strategies. Based on the analysis of 
five different corpora of textual material, the results of the 
application of NLP tools highlight the diversity in commu-
nication across different groups, the complexity of the dis-
course, and the potential for constructive engagement and 
learning. By acknowledging the varied priorities and con-
cerns of different stakeholders, there is an opportunity to fos-
ter tailored and integrated approaches to managing change, 
one that leverages the strengths and insights of each group.

The potential for complementary narratives among the 
different corpora suggests a pathway toward a more collabo-
rative and cohesive strategy for environmental management 
and innovation in the primary sector. The emphasis on inno-
vation as a common ground across different groups provides 
a promising starting point for facilitating broader conversa-
tions about change, transitions, and transformation.

Future research should focus on further dissecting these 
communication patterns, exploring the perceptions of dif-
ferent stakeholders, and investigating the impact of these 
communications on policy and practice. Engaging with 
indigenous knowledge and perspectives offers a valuable 
dimension to this discourse, promising richer, more inclu-
sive strategies for managing environmental change that are 
urgently needed. Ultimately, this study not only highlights 
the diversity of perspectives on change within A-NZ’s pri-
mary sector but also points toward the potential for these 
varied conversations to contribute to more sustainable and 
resilient futures.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10113-​025-​02427-4.

Acknowledgements  We are thankful for the opportunity to discuss our 
findings with Dr. John Reid and Dr. Lindsey Te Ata o Tū MacDonald 
as well as the Moving the Middle Narratives team.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. This work was funded by Bioprotection Aotearoa, Resilience 
to Nature’s Challenges National Science Challenge (FB) and the Lan-
guage Technology theme of the NZILBB (AL).

https://doi.org/10.1007/s10113-025-02427-4


	 Regional Environmental Change (2025) 25:9797  Page 14 of 16

Declarations 

Conflict of interest  The authors declare no competing interests.

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

Abbass K, Qasim MZ, Song H, Murshed M, Mahmood H et al (2022) 
A review of the global climate change impacts, adaptation, 
and sustainable mitigation measures. Environ Sci Pollut Res 
29:42539–42559. https://​doi.​org/​10.​1007/​s11356-​022-​19718-6

Adam S, Reber U, Häussler T, Schmid-Petri H (2020) How climate 
change skeptics (try to) spread their ideas: using computational 
methods to assess the resonance among skeptics’ and legacy 
media. PLoS ONE 15(10):e0240089. https://​doi.​org/​10.​1371/​
journ​al.​pone.​02400​89

Adger WN (2006) Vulnerability. Glob Environ Chang 16(3):268–281. 
https://​doi.​org/​10.​1016/j.​gloen​vcha.​2006.​02.​006

Artega E, Nalau J, Biesbroek R, Howes M (2023) Unpacking the 
theory-practice gap in climate adaptation. Clim Risk Manag 
42:100567. https://​doi.​org/​10.​1016/j.​crm.​2023.​100567

Awatere S, King D, Reid J, Williams L, Masters-Awatere B et al 
(2021) He huringa āhuarangi, he huringa ao: a changing climate, 
a changing world. Mannaku Whenua Report Prepared for Ngā 
Pae o Te Māramatanga No. LC3948

Baden D, McIntyre K, Homberg F (2019) The impact of constructive 
news on affective and behavioural responses. J Stud 20(13):1940–
1959. https://​doi.​org/​10.​1080/​14616​70X.​2018.​15455​99

Badullovich N, Grant WJ, Colvin RM (2020) Framing climate change 
for effective communication: a systematic map. Environ Res Lett 
15(12):123002. https://​doi.​org/​10.​1088/​1748-​9326/​aba4c7

Badullovich N (2022) From influencing to engagement: a framing 
model for climate communication in polarised settings. Environ 
Politics 32(2):207–226. https://​doi.​org/​10.​1080/​09644​016.​2022.​
20526​48

Berrang-Ford L, Siders AR, Lesnikowski A, Fischer PA, Callaghan 
MW et al (2021) A systematic global stocktake of evidence on 
human adaptation to climate change. Nat Clim Chang 11:989–
1000. https://​doi.​org/​10.​1038/​s41558-​021-​01170-y

Bertana A, Clark B, Benney TM, Quackenbush C (2022) Beyond malad-
aptation: structural barriers to successful adaptation. Environ Sociol 
8:448–458. https://​doi.​org/​10.​1080/​23251​042.​2022.​20682​24

Biesbroek R, Badloe S, Athanasiadis IN (2020) Machine learning 
for research on climate change adaptation policy integration: 
an exploratory UK case study. Regional Environmental Change 
20(3):85. https://​doi.​org/​10.​1007/​s10113-​020-​01677-8

Biresselioglu ME, Demir MH, Demirbag Kaplan M, Solak B (2020) 
Individuals, collectives, and energy transition: analysing the moti-
vators and barriers of European decarbonisation. Energy Res Soc 
Sci 66:101493. https://​doi.​org/​10.​1016/j.​erss.​2020.​101493

Bojanowski P, Grave E, Joulin A, Mikolov T (2017) Enriching word 
vectors with subword information. Transactions of the Associa-
tion for Computational Linguistics 5:135–146. https://​doi.​org/​10.​
48550/​arXiv.​1607.​04606 

Bolden IW, Seroy SK, Roberts EA, Schmeisser L, Koehn JZ et al 
(2018) Climate-related community knowledge networks as a tool 
to increase learning in the context of environmental change. Clim 
Risk Manag 21:1–6. https://​doi.​org/​10.​1016/j.​crm.​2018.​04.​004

Brezina V, Platt W (2023) #LancsBox X [software], Lancaster Univer-
sity. https://​lancs​box.​lancs.​ac.​uk. Accessed Mar 2023

Brezina V, Weill-Tessier P, McEnery T (2020) #LancsBox 5.x and 
6.x [software]. Available at: https://​corpo​ra.​lancs.​ac.​uk/​lancs​box. 
Accessed Mar 2023

Brick C, Freeman ALJ, Wooding S, Skylark WJ, Marteau TM et al 
(2018) Winners and losers: communicating the potential impacts 
of policies. Palgrave Commun 4:1–13. https://​doi.​org/​10.​1057/​
s41599-​018-​0121-9 

Buelow F, Brower A (2023) Structural adaptation triggers in the CAP: 
regional implementation 2007–2013 in the East Midlands, Eng-
land. Case Studies in the Environment 7(1):2003039. https://​doi.​
org/​10.​1525/​cse.​2023.​20030​39

Campbell-Lendrum D, Neville T, Schweizer C, Neira M (2023) 
Climate change and health: three grand challenges. Nat Med 
29:1631–1638. https://​doi.​org/​10.​1038/​s41591-​023-​02438-w

Cismaru M, Cismaru R, Ono T, Nelson K (2011) Act on climate 
change: an application of protection motivation theory. Soc Mark 
Q 17:62–84. https://​doi.​org/​10.​1080/​15245​004.​2011.​595539

Cradock-Henry NA (2021) Linking the social, economic, and agro-
ecological: a resilience framework for dairy farming. Ecol Soc 
26(1):3. https://​doi.​org/​10.​5751/​ES-​12122-​260103

Cradock-Henry NA, Buelow F, Flood S, Blackett P, Wreford A 
(2019) Towards a heuristic for assessing adaptation knowledge: 
impacts, implications, decisions and actions. Environmental 
Research Letters 14(9):093002. https://​doi.​org/​10.​1088/​1748-​
9326/​ab370c

Cretney R, White I, Hanna C (2024) Navigating adaptive futures: 
analysing the scope of political possibilities for climate adapta-
tion. Kōtuitui: New Zealand Journal of Social Sciences Online 
20(2):227–248. https://​doi.​org/​10.​1080/​11770​83X.​2024.​23444​97

Dahal B, Kumar SAP, Li Z (2019) Topic modeling and sentiment anal-
ysis of global climate change tweets. Soc Netw Anal Min 9:24. 
https://​doi.​org/​10.​1007/​s13278-​019-​0568-8

de Vries G (2020) Public communication as a tool to implement envi-
ronmental policies. Soc Issues Policy Rev 14(1):244–272. https://​
doi.​org/​10.​1111/​sipr.​12061

Dilling L, Daly ME, Travis WR, Ray AJ, Wilhelmi OV (2023) The role 
of adaptive capacity in incremental and transformative adaptation 
in three large U.S. Urban water systems. Glob Environ Change 
79:102649. https://​doi.​org/​10.​1016/j.​gloen​vcha.​2023.​102649

Driver T, Saunders C, Duff, S, Saunders J (2023) The matrix of driv-
ers: 2019 update. AgResearch. Report. https://​doi.​org/​10.​57935/​
AGR.​26001​640.​v1

Elliott J (2005) Using narrative in social research. Qualitative and 
Quantitative Approaches. Sage Publications, London. https://​doi.​
org/​10.​4135/​97808​57020​246

Fage-Butler A, Ledderer L, Nielsen KH (2022) Public trust and mis-
trust of climate science: a meta-narrative review. Public Underst 
Sci 31(7):832–846. https://​doi.​org/​10.​1177/​09636​62522​11100​28

Fløttum K, Müller Gjesdal A, Gjerstad Ø, Koteyko N, Salway A (2014) 
Representations of the future in English language blogs on cli-
mate change. Glob Environ Chang 29:213–222. https://​doi.​org/​
10.​1016/j.​gloen​vcha.​2014.​10.​005

Flusberg SJ, Matlock T, Thibodeau PH (2017) Metaphors for the war 
(or race) against climate change. Environmental Communication 
11(6):769–783. https://​doi.​org/​10.​1080/​17524​032.​2017.​12891​11

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s11356-022-19718-6
https://doi.org/10.1371/journal.pone.0240089
https://doi.org/10.1371/journal.pone.0240089
https://doi.org/10.1016/j.gloenvcha.2006.02.006
https://doi.org/10.1016/j.crm.2023.100567
https://doi.org/10.1080/1461670X.2018.1545599
https://doi.org/10.1088/1748-9326/aba4c7
https://doi.org/10.1080/09644016.2022.2052648
https://doi.org/10.1080/09644016.2022.2052648
https://doi.org/10.1038/s41558-021-01170-y
https://doi.org/10.1080/23251042.2022.2068224
https://doi.org/10.1007/s10113-020-01677-8
https://doi.org/10.1016/j.erss.2020.101493
https://doi.org/10.48550/arXiv.1607.04606
https://doi.org/10.48550/arXiv.1607.04606
https://doi.org/10.1016/j.crm.2018.04.004
https://lancsbox.lancs.ac.uk
https://corpora.lancs.ac.uk/lancsbox
https://doi.org/10.1057/s41599-018-0121-9
https://doi.org/10.1057/s41599-018-0121-9
https://doi.org/10.1525/cse.2023.2003039
https://doi.org/10.1525/cse.2023.2003039
https://doi.org/10.1038/s41591-023-02438-w
https://doi.org/10.1080/15245004.2011.595539
https://doi.org/10.5751/ES-12122-260103
https://doi.org/10.1088/1748-9326/ab370c
https://doi.org/10.1088/1748-9326/ab370c
https://doi.org/10.1080/1177083X.2024.2344497
https://doi.org/10.1007/s13278-019-0568-8
https://doi.org/10.1111/sipr.12061
https://doi.org/10.1111/sipr.12061
https://doi.org/10.1016/j.gloenvcha.2023.102649
https://doi.org/10.57935/AGR.26001640.v1
https://doi.org/10.57935/AGR.26001640.v1
https://doi.org/10.4135/9780857020246
https://doi.org/10.4135/9780857020246
https://doi.org/10.1177/09636625221110028
https://doi.org/10.1016/j.gloenvcha.2014.10.005
https://doi.org/10.1016/j.gloenvcha.2014.10.005
https://doi.org/10.1080/17524032.2017.1289111


Regional Environmental Change (2025) 25:97	 Page 15 of 16  97

Folke C, Carpenter SR, Walker B, Scheffer M, Chapin T et al (2010) 
Resilience thinking: integrating resilience, adaptability and trans-
formability. Ecol Soc 15(4):20. https://​www.​jstor.​org/​stable/​26268​
226 

García-Hombrados J, Jansen M, Martínez Á, Özcan B, Rey-Biel P et al 
(2024) Ideological alignment and evidence-based policy adoption. 
IZA - Institute of Labor Economics. https://​www.​jstor.​org/​stable/​
resre​p68626. Accessed Mar 2023

Geels FW, Schot J (2007) Typology of sociotechnical transition path-
ways. Research Policy 36(3):399–417. https://​doi.​org/​10.​1016/j.​
respol.​2007.​01.​003

Geiger N, Swim JK, Benson L (2021) Using the three-pillar model 
of sustainability to understand lay reactions to climate policy: A 
multilevel approach. Environ Sci Pol 126:132–141. https://​doi.​
org/​10.​1016/j.​envsci.​2021.​09.​023

Gil-Clavel S, Wagenblast T, Filatova T (2025) Incremental and trans-
formational climate change adaptation factors in agriculture 
worldwide: a comparative analysis using natural language pro-
cessing. PLoS ONE 20(3):e0318784. https://​doi.​org/​10.​1371/​
journ​al.​pone.​03187​84

Gillard R, Gouldson A, Paavola J, Van Alstine J (2016) Transforma-
tional responses to climate change: beyond a systems perspective 
of social change in mitigation and adaptation. Wires Clim Change 
7:251–265. https://​doi.​org/​10.​1002/​wcc.​384

Goepel M (2016) The great mindshift. How a new economic paradigm 
and sustainability transformations go hand in hand. Springer, 
Mannheim. https://​doi.​org/​10.​1007/​978-3-​319-​43766-8

Greenhalgh T, Robert G, Macfarlane F, Bate P, Kyriakidou O et al 
(2005) Storylines of research in diffusion of innovation: a meta-
narrative approach to systematic review. Soc Sci Med 61(2):417–
430. https://​doi.​org/​10.​1016/j.​socsc​imed.​2004.​12.​001

Griffin C, Wreford A, Cradock-Henry NA (2023) ‘As a farmer you’ve 
just got to learn to cope’: understanding dairy farmers’ percep-
tions of climate change and adaptation decisions in the lower 
South Island of Aotearoa-New Zealand. J Rural Stud 98:147–158. 
https://​doi.​org/​10.​1016/j.​jrurs​tud.​2023.​02.​001

Grundmann R (2021) Using large text news archives for the analysis of 
climate change discourse: some methodological observations. J Risk 
Res 25(3):395–406. https://​doi.​org/​10.​1080/​13669​877.​2021.​18944

Han G, Niles MT (2023) An adoption spectrum for sustainable agricul-
ture practices: a new framework applied to cover crop adoption. 
Agricultural Systems 212:103771. https://​doi.​org/​10.​1016/j.​agsy.​
2023.​103771

Harris LM (2022) Towards enriched narrative political ecologies. Envi-
ronment and Planning e: Nature and Space 5(2):835–860. https://​
doi.​org/​10.​1177/​25148​48621​10106​77

Harvey B, Ensor J, Carlile L, Garside B, Patterson Z et al (2012) Cli-
mate change communication and social learning–review and 
strategy development for CCAFS. CCAFS Working Paper No. 
22. CGIAR Research Program on Climate Change, Agriculture 
and Food Security (CCAFS), Copenhagen, Denmark. https://​hdl.​
handle.​net/​10568/​24456

Hine DW, Reser JP, Morrison M, Phillips WJ, Nunn P et al (2014) 
Audience segmentation and climate change communication: con-
ceptual and methodological considerations. Wires Clim Change 
5:441–459. https://​doi.​org/​10.​1002/​wcc.​279

Hoelscher K, Wittmayer JM, Loorbach D (2018) Transition versus 
transformation: what’s the difference? Environ Innov Soc Trans 
27:1–3. https://​doi.​org/​10.​1016/j.​eist.​2017.​10.​007

Holmes A, McEwen L (2020) How to exchange stories of local flood 
resilience from flood rich areas to the flooded areas of the future. 
Environ Commun 14:597–613. https://​doi.​org/​10.​1080/​17524​032.​
2019.​16973​25

Hornsey MJ, Chapman CM, Oelrichs DM (2022) Why it is so hard to 
teach people they can make a difference: climate change efficacy 

as a non-analytic form of reasoning. Think Reason 28(3):327–345. 
https://​doi.​org/​10.​1080/​13546​783.​2021.​18932​22

IPCC (2023) Sections. In: Core Writing Team, Lee H, Romero J (eds) 
Climate Change 2023: Synthesis Report. Contribution of Working 
Groups I, II and III to the Sixth Assessment Report of the Inter-
governmental Panel on Climate Change. IPCC, Geneva, Switzer-
land: 35–115. https://​doi.​org/​10.​59327/​IPCC/​AR6-​97892​91691​64

Kaushal A, Acharjee A, Mandal A (2022) Machine learning based attri-
bution mapping of climate related discussions on social media. 
Sci Rep 12:19033. https://​doi.​org/​10.​1038/​s41598-​022-​22034-1

Kerr JR, Schneider CR, Freeman ALJ, Marteau T, van der Linden S 
(2022) Transparent communication of evidence does not under-
mine public trust in evidence. PNAS Nexus 1(5):280. https://​doi.​
org/​10.​1093/​pnasn​exus/​pgac2​80

Kirk NA, Cradock-Henry NA (2022) Land management change as 
adaptation to climate and other stressors: a systematic review of 
decision contexts using values-rules-knowledge. Land 11:791. 
https://​doi.​org/​10.​3390/​land1​10607​91

Kirk NA, Duncan R, Booth P, Robson-Williams M (2022) Shifting 
knowledge practices for sustainable land use: insights from pro-
ducers of Aotearoa New Zealand. Front Agron 4. https://​doi.​org/​
10.​3389/​fagro.​2022.​991853

Kirk N (2025) The drivers and agents of on-farm change in Aotearoa 
New Zealand. In: Taylor N (ed) Impact Connector #16: SIA for 
rural resilience and wellbeing, pp 1–7. New Zealand Association 
for Impact Assessment. https://​www.​nzaia.​org.​nz/​uploa​ds/1/​2/3/​
3/​12339​018/​ic16_​kirk_​dwnld.​pdf. Accessed May 2025

Klerkx L, Turner J, Percy H (2022) Navigating the rapids of agrifood sys-
tems transformation: reflections on Aotearoa New Zealand’s emerg-
ing mission-oriented agrifood innovation system. N Z Econ Pap 
57(2):149–163. https://​doi.​org/​10.​1080/​00779​954.​2022.​21584​89

Koerth J, Vafeidis AT, Hinkel J (2016) Household-level coastal adap-
tation and its drivers: a systematic case study review. Risk Anal 
37:629–646. https://​doi.​org/​10.​1111/​risa.​12663

Lahsen M (2022) Evaluating the computational (“Big Data”) turn in 
studies of media coverage of climate change. Wiley Interdisci-
plinary Reviews: Climate Change 13(2):752. https://​doi.​org/​10.​
1002/​wcc.​752

Lawrence J, Wreford A, Blackett P, Hall D, Woodward A et al (2023) 
Climate change adaptation through an integrative lens in Aotearoa 
New Zealand. J R Soc N Z 54(4):1–32. https://​doi.​org/​10.​1080/​
03036​758.​2023.​22360​33

Leiter T (2021) Do governments track the implementation of national 
climate change adaptation plans? An evidence-based global 
stocktake of monitoring and evaluation systems. Environmental 
Science & Policy 125:179–188. https://​doi.​org/​10.​1016/j.​envsci.​
2021.​08.​017

Levine HB (2010) Claiming indigenous rights to culture, flora, and 
fauna: a contemporary case from New Zealand. PoLAR: Politi-
cal and Legal Anthropology Review 33:36–56. https://​doi.​org/​10.​
1111/j.​1555-​2934.​2010.​01065.x

Lie LB, de Korte L, Pursiainen CH (2023) “Here, I will stay until I 
die”—exploring the relationship between place attachment, risk 
perception, and coping behavior in two small Norwegian com-
munities. Reg Environ Change 23:115. https://​doi.​org/​10.​1007/​
s10113-​023-​02106-2

Maclean M, Harvey C, Sillince JAA, Golant BD (2014) Living up to the 
past? Ideological sensemaking in organizational transition. Organi-
zation 21(4):543–567. https://​doi.​org/​10.​1177/​13505​08414​527247

Meadowcroft J (2009) What about the politics? Sustainable develop-
ment, transition management, and long term energy transitions. 
Policy Sci 42(4):323–340. https://​www.​jstor.​org/​stable/​40586​543. 
Accessed Mar 2023

Nisbet EC, Cooper KE, Garrett RK (2015) The Partisan brain: how 
dissonant science messages lead conservatives and liberals to (dis)

https://www.jstor.org/stable/26268226
https://www.jstor.org/stable/26268226
https://www.jstor.org/stable/resrep68626
https://www.jstor.org/stable/resrep68626
https://doi.org/10.1016/j.respol.2007.01.003
https://doi.org/10.1016/j.respol.2007.01.003
https://doi.org/10.1016/j.envsci.2021.09.023
https://doi.org/10.1016/j.envsci.2021.09.023
https://doi.org/10.1371/journal.pone.0318784
https://doi.org/10.1371/journal.pone.0318784
https://doi.org/10.1002/wcc.384
https://doi.org/10.1007/978-3-319-43766-8
https://doi.org/10.1016/j.socscimed.2004.12.001
https://doi.org/10.1016/j.jrurstud.2023.02.001
https://doi.org/10.1080/13669877.2021.18944
https://doi.org/10.1016/j.agsy.2023.103771
https://doi.org/10.1016/j.agsy.2023.103771
https://doi.org/10.1177/25148486211010677
https://doi.org/10.1177/25148486211010677
https://hdl.handle.net/10568/24456
https://hdl.handle.net/10568/24456
https://doi.org/10.1002/wcc.279
https://doi.org/10.1016/j.eist.2017.10.007
https://doi.org/10.1080/17524032.2019.1697325
https://doi.org/10.1080/17524032.2019.1697325
https://doi.org/10.1080/13546783.2021.1893222
https://doi.org/10.59327/IPCC/AR6-978929169164
https://doi.org/10.1038/s41598-022-22034-1
https://doi.org/10.1093/pnasnexus/pgac280
https://doi.org/10.1093/pnasnexus/pgac280
https://doi.org/10.3390/land11060791
https://doi.org/10.3389/fagro.2022.991853
https://doi.org/10.3389/fagro.2022.991853
https://www.nzaia.org.nz/uploads/1/2/3/3/12339018/ic16_kirk_dwnld.pdf
https://www.nzaia.org.nz/uploads/1/2/3/3/12339018/ic16_kirk_dwnld.pdf
https://doi.org/10.1080/00779954.2022.2158489
https://doi.org/10.1111/risa.12663
https://doi.org/10.1002/wcc.752
https://doi.org/10.1002/wcc.752
https://doi.org/10.1080/03036758.2023.2236033
https://doi.org/10.1080/03036758.2023.2236033
https://doi.org/10.1016/j.envsci.2021.08.017
https://doi.org/10.1016/j.envsci.2021.08.017
https://doi.org/10.1111/j.1555-2934.2010.01065.x
https://doi.org/10.1111/j.1555-2934.2010.01065.x
https://doi.org/10.1007/s10113-023-02106-2
https://doi.org/10.1007/s10113-023-02106-2
https://doi.org/10.1177/1350508414527247
https://www.jstor.org/stable/40586543


	 Regional Environmental Change (2025) 25:9797  Page 16 of 16

trust science. Ann Am Acad Pol Soc Sci 658(1):36–66. https://​
doi.​org/​10.​1177/​00027​16214​555474

O’Brien K, Sygna L (2013) Responding to climate change: the three 
spheres of transformation. Proceedings of Transformation in a 
Changing Climate, Oslo, Norway. University of Oslo, pp 16–23

Ortiz-Bobea A (2021) The empirical analysis of climate change 
impacts and adaptation in agriculture, vol 5. In: CB Barrett, Just 
DR (eds) Handbook of Agricultural Economics. Elsevier, pp 
3981–4073. https://​doi.​org/​10.​1016/​bs.​hesagr.​2021.​10.​002

Patterson J, Schulz K,Vervoort J, van der Hel S, Widerberg O et al 
(2016) Exploring the governance and politics of transformations 
towards sustainability. Environ Innov Soc Transit 24:1–16. https://​
doi.​org/​10.​1016/j.​eist.​2016.​09.​001

Pelling M (2010) Adaptation to climate change: from resilience to trans-
formation. Routledge. https://​doi.​org/​10.​4324/​97802​03889​046

Pelling M, O’Brien K, Matyas D (2015) Adaptation and transfor-
mation. Clim Change 133:113–127. https://​doi.​org/​10.​1007/​
s10584-​014-​1303-0

Pérez-Hämmerle K-V, Moon K, Possingham HP (2024) Unearthing 
assumptions and power: a framework for research, policy, and practice. 
One Earth 7(2):199–210. https://​doi.​org/​10.​1016/j.​oneear.​2024.​01.​003

Perga M-E, Sarrasin P, Steinberger J, Lane SN, Butera F et al (2023) 
The climate change research that makes the front page: is it fit to 
engage societal action? Glob Environ Chang 80. https://​doi.​org/​
10.​1016/j.​gloen​vcha.​2023.​102675

Pornpitakpan C (2004) The persuasiveness of source credibility: a 
critical review of five decades’ evidence. J Appl Soc Psychol 
34:243–281. https://​doi.​org/​10.​1111/j.​1559-​1816.​2004.​tb025​47.x

Quick BL, Scott AM, Ledbetter AM (2011) A close examination of 
trait reactance and issue involvement as moderators of psychologi-
cal reactance theory. J Health Commun 16(6):660–679. https://​
doi.​org/​10.​1080/​10810​730.​2011.​551989

Ranney MA, Velautham L (2021) Climate change cognition and 
education: given no silver bullet for denial, diverse information-
hunks increase global warming acceptance. Curr Opin Behav Sci 
42:139–146. https://​doi.​org/​10.​1016/j.​cobeha.​2021.​08.​001

Reid J, Challies E, Tau TM, Awatere S (2024) Adapting to climate change 
through nature-based solutions and indigenous knowledge: the case 
for landscape-scale ecosystem regeneration in the Rokohouia Delta. 
Kōtuitui: New Zealand Journal of Social Sciences Online 20(2):249–
267. https://​doi.​org/​10.​1080/​11770​83X.​2023.​22993​64

Renwick A, Dynes R, Johnstone P, King W, Holt L et al (2019) Chal-
lenges and opportunities for land use transformation: insights 
from the central plains water scheme in New Zealand. Sustain-
ability 11(18):4912. https://​doi.​org/​10.​3390/​su111​84912

Rickards L, Howden SM (2012) Transformational adaptation: agricul-
ture and climate change. Crop Pasture Sci 63:240–250. https://​doi.​
org/​10.​1071/​CP111​72

Rout M, Reid J, Wallace KJ, Hall MM, Whitehead J (2021) Voicing 
stakeholder visions for biodiversity indicators: a framework using 
content analysis. Environmental and Sustainability Indicators 
12:100156. https://​doi.​org/​10.​1016/j.​indic.​2021.​100156

Sakieh Y (2024) Shaping climate change discourse: the nexus between 
political media landscape and recommendation systems in social 
networks. Soc Netw Anal Min 14:10. https://​doi.​org/​10.​1007/​
s13278-​023-​01175-9

Schaefer R, Stede M (2022) GerCCT: an annotated corpus for mining 
arguments in German tweets on climate change. In: Proceedings of 
the 13th Language Resources and Evaluation Conference (LREC). 
Marseille, France, European Language Resources Association

Schäfer MS, Hase V (2023) Computational methods for the analysis 
of climate change communication: towards an integrative and 
reflexive approach. Wires Clim Change 14(2):e806. https://​doi.​
org/​10.​1002/​wcc.​806

Schwarzinger S, Bird DN, Hadler M (2019) The “Paris lifestyle”—
bridging the gap between science and communication by 

analysing and quantifying the role of target groups for climate 
change mitigation and adaptation: an interdisciplinary approach, 
pp 375–397. https://​doi.​org/​10.​1007/​978-3-​319-​98294-6_​23

Sietsma AJ, Ford JD, Minx JC (2024) The next generation of machine 
learning for tracking adaptation texts. Nat Clim Change 14:31–
39. https://​doi.​org/​10.​1038/​s41558-​023-​01890-3

Smith TB, Vacca R, Mantegazza L, Capua I (2021) Natural language 
processing and network analysis provide novel insights on policy 
and scientific discourse around Sustainable Development Goals. 
Sci Rep 11:22427. https://​doi.​org/​10.​1038/​s41598-​021-​01801-6

Spector S, Cradock-Henry NA, Beaven S, Orchiston C (2019) Charac-
terising rural resilience in Aotearoa-New Zealand: a systematic 
review. Reg Environ Change 19(2):543–557. https://​doi.​org/​10.​
1007/​s10113-​018-​1418-3

Stirling A, Cairns R, Johnstone P, Onyango J (2023) Transforming imagi-
nations? Multiple dimensionalities and temporalities as vital com-
plexities in transformations to sustainability. Glob Environ Chang 
82:102741. https://​doi.​org/​10.​1016/j.​gloen​vcha.​2023.​102741

Termeer CJAM, Dewulf A, Biesbroek GR (2016) Transformational 
change: governance interventions for climate change adaptation 
from a continuous change perspective. J Environ Plan Manag 
60:558–576. https://​doi.​org/​10.​1080/​09640​568.​2016.​11682​88 

Thiault L, Colléter M, Chlous F, Gelcich S, Gréboval D et  al 
(2019) Escaping the perfect storm of simultaneous climate 
change impacts on agriculture and marine fisheries. Sci Adv 
5(11):eaaw9976. https://​doi.​org/​10.​1126/​sciadv.​aaw99​76

Troy CLC (2025) Equipping audiences without silver bullets: goals and 
challenges of climate solutions journalism. Journalism Practice 
1–20:1. https://​doi.​org/​10.​1080/​17512​786.​2025.​24969​43

Vermeulen SJ, Dinesh D, Howden SM, Cramer L, Thornton PK (2018) 
Transformation in practice: a review of empirical cases of trans-
formational adaptation in agriculture under climate change. Fron-
tiers in Sustainable Food Systems 2:65. https://​doi.​org/​10.​3389/​
fsufs.​2018.​00065

Vulturius G, André K, Swartling ÅG, Brown C, Rounsevell M et al 
(2020) Does climate change communication matter for individ-
ual engagement with adaptation? Insights from forest owners in 
Sweden. Environ Manage 65:190–202. https://​doi.​org/​10.​1007/​
s00267-​019-​01247-7

Waedegaard M, Hvemon S, Jin Pedersen M (2024) Can media influ-
ence public support for carbon capture and storage? Comparing 
the impacts of frames in Denmark. Energy Research & Social 
Science 110:103452. https://​doi.​org/​10.​1016/j.​erss.​2024.​103452

Wilson RS, Herziger A, Hamilton M, Brooks JS (2020) From incre-
mental to transformative adaptation in individual responses to cli-
mate-exacerbated hazards. Nat Clim Change 10:200–208. https://​
doi.​org/​10.​1038/​s41558-​020-​0691-6

Wong G, Greenhalgh T, Westhorp G, Buckingham J, Pawson R (2013) 
RAMESES publication standards: meta-narrative reviews. BMC 
Med 11(1):20. https://​doi.​org/​10.​1186/​1741-​7015-​11-​20

Yan P, Schroeder R, Stier S (2021) Is there a link between climate change 
scepticism and populism? An analysis of web tracking and survey 
data from Europe and the US. Inf Commun Soc 25(10):1400–1439. 
https://​doi.​org/​10.​1080/​13691​18X.​2020.​186400

Yletyinen J, Kuhmonen I, Stahlmann-Brown P (2024) Resilient and 
sustainable natural resource production: how are farmers and 
foresters coping? Ecol Soc 29(1):6. https://​doi.​org/​10.​5751/​
ES-​14752-​290106

Yorgey GG, Hall SA, Allen ER, Whitefield EM, Embertson NM et al 
(2017) Northwest U.S. agriculture in a changing climate: collabo-
ratively defined research and extension priorities. Front Environ 
Sci 5. https://​doi.​org/​10.​3389/​fenvs.​2017.​00052

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

https://doi.org/10.1177/0002716214555474
https://doi.org/10.1177/0002716214555474
https://doi.org/10.1016/bs.hesagr.2021.10.002
https://doi.org/10.1016/j.eist.2016.09.001
https://doi.org/10.1016/j.eist.2016.09.001
https://doi.org/10.4324/9780203889046
https://doi.org/10.1007/s10584-014-1303-0
https://doi.org/10.1007/s10584-014-1303-0
https://doi.org/10.1016/j.oneear.2024.01.003
https://doi.org/10.1016/j.gloenvcha.2023.102675
https://doi.org/10.1016/j.gloenvcha.2023.102675
https://doi.org/10.1111/j.1559-1816.2004.tb02547.x
https://doi.org/10.1080/10810730.2011.551989
https://doi.org/10.1080/10810730.2011.551989
https://doi.org/10.1016/j.cobeha.2021.08.001
https://doi.org/10.1080/1177083X.2023.2299364
https://doi.org/10.3390/su11184912
https://doi.org/10.1071/CP11172
https://doi.org/10.1071/CP11172
https://doi.org/10.1016/j.indic.2021.100156
https://doi.org/10.1007/s13278-023-01175-9
https://doi.org/10.1007/s13278-023-01175-9
https://doi.org/10.1002/wcc.806
https://doi.org/10.1002/wcc.806
https://doi.org/10.1007/978-3-319-98294-6_23
https://doi.org/10.1038/s41558-023-01890-3
https://doi.org/10.1038/s41598-021-01801-6
https://doi.org/10.1007/s10113-018-1418-3
https://doi.org/10.1007/s10113-018-1418-3
https://doi.org/10.1016/j.gloenvcha.2023.102741
https://doi.org/10.1080/09640568.2016.1168288
https://doi.org/10.1126/sciadv.aaw9976
https://doi.org/10.1080/17512786.2025.2496943
https://doi.org/10.3389/fsufs.2018.00065
https://doi.org/10.3389/fsufs.2018.00065
https://doi.org/10.1007/s00267-019-01247-7
https://doi.org/10.1007/s00267-019-01247-7
https://doi.org/10.1016/j.erss.2024.103452
https://doi.org/10.1038/s41558-020-0691-6
https://doi.org/10.1038/s41558-020-0691-6
https://doi.org/10.1186/1741-7015-11-20
https://doi.org/10.1080/1369118X.2020.186400
https://doi.org/10.5751/ES-14752-290106
https://doi.org/10.5751/ES-14752-290106
https://doi.org/10.3389/fenvs.2017.00052

	Communicating change, transition, and transformation for adaptation in agriculture: a comparative analysis of climate change communication in Aotearoa New Zealand
	Abstract
	Introduction
	Using natural language processing to understand change potential
	Methods and material
	Results
	General overview, descriptive statistics
	Specific searches
	Concordances and context across our corpora
	Word embeddings


	Discussion
	Conclusion
	Acknowledgements 
	References


