


This Handbook examines the diverse ways in which climate change impacts Indigenous Peoples 
and local communities and considers their response to these changes.

While there is well-established evidence that the climate of the Earth is changing, the scarcity 
of instrumental data oftentimes challenges scientists’ ability to detect such impacts in remote and 
marginalized areas of the world or in areas with scarce data. Bridging this gap, this Handbook 
draws on field research among Indigenous Peoples and local communities distributed across 
different climatic zones and relying on different livelihood activities, to analyse their reports of 
and responses to climate change impacts. It includes contributions from a range of authors from 
different nationalities, disciplinary backgrounds, and positionalities, thus reflecting the diversity of 
approaches in the field. The Handbook is organised in two parts: Part I examines the diverse ways 
in which climate change – alone or in interaction with other drivers of environmental change –  
affects Indigenous Peoples and local communities; Part II examines how Indigenous Peoples 
and local communities are locally adapting their responses to these impacts. Overall, this book 
highlights Indigenous and local knowledge systems as an untapped resource which will be vital in 
deepening our understanding of the effects of climate change.

The Routledge Handbook of Climate Change Impacts on Indigenous Peoples and Local 
Communities will be an essential reference text for students and scholars of climate change, 
anthropology, environmental studies, ethnobiology, and Indigenous studies.
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INTRODUCTION
Understanding climate change impacts on 

Indigenous Peoples and local communities:  
A global perspective from local studies

Victoria Reyes-García, Santiago Álvarez-Fernández,  
Petra Benyei, Laura Calvet-Mir, Mouna Chambon,  

David García-del-Amo, André B. Junqueira, Xiaoyue Li,  
Vincent Porcher, Anna Porcuna-Ferrer, Anna Schlingmann,  

Ramin Soleymani and Adrien Tofighi-Niaki

Why a book on climate change impacts on Indigenous Peoples and local 
communities?

There is overwhelming evidence that the climate of the Earth is changing (IPCC, 2021), although 
our understanding of the myriad of ways in which these changes affect local social-ecological 
systems across the globe is patchier (IPCC, 2022). This is particularly the case in remote and/
or marginalized areas of the world, where the scarcity of instrumental data challenges scientists’ 
ability to detect change (Maraun & Widmann, 2017; Rosenzweig & Neofotis, 2013). Moreo-
ver, there is also growing evidence that changes in weather patterns have and will continue to 
have far-reaching and disproportionate impacts upon Indigenous Peoples and local communities  
(Bardsley & Wiseman, 2016; Galloway-McLean, 2017), including impacts on livelihood activities 
and health, as well as social and cultural impacts (e.g., Green & Minchin, 2014; Maikhuri et al., 
2018; Race et al., 2016). This is largely the case because climate change impacts are socially medi-
ated: those already in social disadvantage, and particularly ethnic and political disadvantages, are 
likely to find themselves disproportionately affected by climate change impacts.

However, Indigenous Peoples and local communities with a long history of interaction with the 
environment are not mere victims of climate change impacts; they are also legitimate custodians of 
knowledge regarding climate change and its impacts and rights-holders to participate in and con-
tribute to climate change decision-making at both local and international levels. Indigenous Peo-
ples and local communities have complex knowledge systems that allow them to detect changes in 
the local climate and the impacts of such changes in the biophysical systems on which they depend 
(Reyes-García et al., 2016; Savo et al., 2016), as well as the interactions of climate-driven changes 
with other drivers of local environmental change (Merten et al., 2020; Smith et al., 2017). Moreo-
ver, insights from Indigenous and local knowledge systems can also improve our understanding 
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of how climate change affects local socioeconomic systems, livelihoods, and cultures, focusing 
on what matters to local people (Crate & Nuttall, 2016; Sillitoe, 2021). Therefore, Indigenous and 
local knowledge systems have the untapped potential to contribute to a deeper and more detailed 
understanding of the myriad effects of climate change on local social-ecological systems around 
the world, including in very remote areas.

Indigenous Peoples and local communities directly experience climate change impacts, but 
each group experiences impacts in a different way, not only because such impacts are place- 
specific but also because climate change impacts on social-ecological systems and responses to 
those impacts are mediated by local socioeconomic systems and cultural aspects. For example, 
while sea-level rise is a climate-related phenomenon with potential effects on the millions of peo-
ple living close to sea level, specific biophysical (e.g., magnitude of tidal influences, geologic 
subsidence, overall island size, and relief) and socioeconomic conditions (e.g., resources to cope 
with sea-level rise, livelihood strategy) mediate how different people perceive this change and the 
extent to which they feel affected by it. In that context, Indigenous peoples and local communities 
often rely on their knowledge systems to respond to the socially mediated climate change impacts 
(Schlingmann et al., 2021).

Chapters in this book examine the diverse ways in which climate change -alone or in interaction 
with other drivers of environmental change- affects Indigenous Peoples and local communities 
(Part 1) and how Indigenous Peoples and local communities are locally adapting their responses to 
these impacts (Part 2). Cases featured draw on first-hand information collected from field research 
in diverse areas of the world and cover different climatic zones and livelihood activities. We argue 
that the approach is important in three ways. First, examining local perceptions of climate change 
impacts and local responses to them contributes to return to a human scale a discussion often fo-
cused on ‘mega-trends’ and ‘mega-drivers’ of change. Second, in generating human-scale data on 
the impacts of and responses to climate change, the chapters in this book help reframe scholarship 
on the human impacts of climate change, drawing its social, economic, and political dimensions, 
thus contributing to a line of scholarship that proposes that the global understanding of climate 
change impacts means recognizing their historical and political origins. Finally, by focusing on 
Indigenous Peoples and local communities, we hope to contribute to make climate injustices more 
visible and to emphasize the need to recognize Indigenous Peoples and local communities’ rights 
in climate research and decision-making.

The next section of this introduction addresses issues referring to authors’ common ground and 
yet diverging positionalities. The following two sections bring together the main findings from 
chapters in this book and associated research to give a global perspective of the lessons learned 
from multiple case studies across (1) climate change impacts on Indigenous Peoples and local 
communities and (2) responses to climate change impacts by Indigenous Peoples and local com-
munities. The next section then presents lessons learned from working with different knowledge 
systems on the topic of climate change impacts. This general introduction ends with a general 
policy recommendation derived from our work accompanied by concrete steps for researchers and 
decision makers to put the general recommendation into action.

The context of the book

Most chapters in this book result from a community of practice organized around LICCI – Local 
Indicators of Climate Change Impacts: The contribution of local knowledge to climate change 
research, a project funded by the European Research Council designed to bring contextualized 
information from Indigenous Peoples and local communities to climate change research and policy 
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(Reyes-García et al., 2019). The editors of the book are the Principal Investigator of the project 
(ICREA Research Prof. Victoria Reyes-García) and all the core members of the LICCI team (post-
doctoral scholars, PhD students, and technicians) who, over the five years of the project, have 
coordinated the network. Most contributions to this book are from members of the LICCI network, 
although a few chapters have been written by authors working on related topics who were purposely 
invited to enlarge the coverage of some regions or topics underrepresented in the LICCI network.

The LICCI network includes about 50 Indigenous and non-Indigenous researchers working 
with and affiliated with institutions around the world. The common ground of this network is a 
shared interest in exploring the diverse ways in which climate change affects Indigenous Peoples 
and local communities and how they respond to it. Members of the network recognize the acute 
need to increase the transferability, integration, and scalability of Indigenous and local knowledge 
into climate change research through the creation of a community of practice that uses standard-
ized methods for the collection and coding of locally relevant but cross-culturally comparable data 
(Reyes-García et al., 2019). All members of the network also gratefully acknowledge and deeply 
respect the invaluable contributions of the Indigenous Peoples and local communities, whose tra-
ditional knowledge and practices have formed the foundation of this research.

Despite this common ground, there are also differences and particularities among network 
members, which are reflected in the content of the book. Thus, contributions to this book come 
from authors from different nationalities, disciplinary backgrounds, and positionalities, a diversity 
that inevitably affects authors’ own experiences and engagement with local communities and the 
way information is analyzed and interpreted. This has resulted in different epistemological stances 
on the treatment of Indigenous and local knowledge systems across chapters. Importantly, while 
maintaining a diversity of theoretical approaches, authors have agreed on a common set of con-
cepts that bring some internal coherence to this edited volume (see Glossary).

Chapters in this book also draw from a diversity of methodological tools used to collect and 
analyze observations of and responses to climate change impacts. Data collection tools range 
from ethnography and qualitative data collection methods (e.g., semi-structured interviews, focus 
groups, participant observation) to more systematic forms of data collection (e.g., surveys). Sev-
eral authors also use secondary sources (e.g., time series of climatic data, historical sources). Data 
analysis varies from featuring testimonies to statistical analysis, with some chapters being more 
interpretative than others.

This edited volume does not intend to provide an exhaustive view of climate change impacts on 
Indigenous Peoples and local communities around the world nor on how people respond to such 
impacts. Moreover, we acknowledge some geographic biases (e.g., there is only one chapter from 
the South Pacific, Fiji, none from Australia or New Zealand, and some regions like the Amazon 
are underrepresented). However, we argue that, despite these biases, bringing together a collection 
of case studies allows us to identify common trends as well as idiosyncrasies – both of which are 
important to understand global trends and the myriad of climate change impacts across the world. 
In the following three sections, we aim to trespass case studies idiosyncrasies, to summarize major 
trends derived from the work of the LICCI network, with particular emphasis on the chapters pub-
lished in this book.

Climate change impacts on Indigenous Peoples and local communities

Research by the LICCI network, including chapters in this book, provides three main insights in 
relation to how climate change impacts Indigenous Peoples and local communities’ and how they 
understand and report such impacts.
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Indigenous Peoples and local communities report numerous, ongoing, tangible, 
and widespread environmental changes

All the contributions to this volume emphasize that Indigenous Peoples and local communities 
report climate change impacts as currently ongoing, locally contextualized, and affecting diverse 
elements of local social-ecological systems, including their physical (e.g., atmosphere, rivers, 
soils) and biological (e.g., trees, crops, fish) components (see also Reyes-García et al., 2024). For 
example, among many others, impacts recorded include changes in elements of the atmospheric 
system, such as changes in precipitation patterns (e.g., Babai, 2024) and fog (Mwangi et al., 2024), 
temperature increase (e.g., Abazeri, 2024; Mattalia et al., 2024), or weather unpredictability (e.g., 
Hirsch, 2024; Stratoudakis et al., 2024) including changes in seasonality (e.g., Gerkey & Shara-
khmatova, 2024; Miara et al., 2022). Reports also feature changes in the physical system, includ-
ing changes in freshwater availability (e.g., Izquierdo & Schlingmann, 2024) and soil humidity 
(Estevo et al., 2022), changes in snowfall and snow cover (e.g., García-del-Amo, Mortyn et al., 
2023; Jungsberg & Wendt-Lucas, 2024), and changes in sea- and river-ice (e.g., Galappaththi, 
2024; Gerkey & Sharakhmatova, 2023). Among the many reports, changes in the water cycle are 
particularly abundant (e.g., Estevo et al., 2022; Junqueira et al., 2021; Reyes-García et al., 2024).

Indigenous Peoples’ and local communities’ reports of impacts go beyond changes in the at-
mospheric and physical systems and include changes in the life system, including wildlife and 
managed systems. Thus, research conducted by the LICCI network brings to light many reports 
of changes in abundance and phenology of wild plants and terrestrial and aquatic animals (e.g., 
Geffner-Fuenmayor, 2022; Schunko et al., 2023). But such reports also include observations of 
phenological changes in their agricultural calendars (Babai, 2024; Hirsch, 2024), the productivity 
of traditional and modern crop varieties (e.g., Attoh et al., 2024; Carmona, 2022; Chakauya et al., 
2024; Labeyrie et al., 2021), including cash crops such as tea or coffee (Mwangi et al., 2024), 
the increase of livestock pests (e.g., Attoh et al., 2024; Junqueira et al., 2021), or the newly prob-
lematic abundance of previously present, but non-problematic, species (e.g., McConney et  al., 
2024). Finally, Indigenous Peoples and local communities also report on a variety of impacts 
on their ways of living, including reduced feasibility to practice traditional hunting and fishing 
livelihoods (Galappaththi, 2024; Gerkey & Sharakhmatova, 2024), mobility restrictions (e.g., Ger-
key & Sharakhmatova, 2024), or damaging of houses and other infrastructure (e.g., Jungsberg & 
Wendt-Lucas, 2024).

Indigenous Peoples’ and local communities’ report multiple and synergistic 
drivers of environmental change

While the LICCI project had an original focus on climate change impacts, a consistent finding 
in all our study sites is that climate change impacts cannot be fully separated from other changes 
that are being experienced locally. In fact, this is also a finding currently featured in the scientific 
literature (e.g., Pörtner et al., 2021). Indeed, the research results of the LICCI network emphasize 
that Indigenous Peoples’ and local communities’ reports of environmental changes are interrelated 
and driven by multiple stressors (see also Li et al., 2021). In particular, our research emphasizes 
the importance of cascading effects across elements of the social-ecological system and of multi-
ple drivers of change.

On the one hand, our research emphasizes that Indigenous Peoples and local communities 
identify many relations between elements of their social-ecological systems, pointing at many cas-
cading effects, mainly from changes in the atmospheric and physical systems to changes in the life 
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system (e.g., García-del-Amo, Calvet-Mir et al., 2024; Reyes-García et al., 2024). For example, 
inhabitants of Sierra Nevada, Spain, report that decreasing rain and snow events diminish rivers’ 
flow, reducing the duration and number of working natural springs, decreasing soil humidity, and 
increasing soil erosion. Changes in precipitation also affected wild flora, as it reduced the duration 
and extension of grazing areas, which in turn affected wild fauna’s altitudinal distribution, with 
animals moving closer to the villages looking for food and water. Moreover, the shorter duration 
and frequency of rainfalls and snowfalls have a direct negative effect on agricultural and livestock 
activities (including beekeeping), decreasing their productivity and increasing the number of pests 
and diseases, which are aggravated by the destruction of crops by wild fauna searching for food 
(García-del-Amo et al., 2024).

On the other hand, our research features how Indigenous Peoples and local communities ac-
knowledge climate change as one, but not necessarily the most important, of the multiple drivers 
of environmental change (e.g., Izquierdo & Schlingmann, 2024). Across case studies, we noticed 
that Indigenous Peoples and local communities recognize that environmental change is driven by 
many inter-related contextual factors, which vary from resource over-extraction (Carmona, 2024b; 
Estevo et  al., 2022; Reyes-García et  al., 2024), to development programs (Attoh et  al., 2024; 
Porcuna-Ferrer et  al., 2024), creation of new infrastructures (Izquierdo & Schlingmann, 2024; 
Junqueira et al., 2021), or state policies (e.g., Carmona, 2024b; Chen, 2024; Lippi & Sanfilippo, 
2024). Importantly, our research also suggests that, besides these drivers, for many Indigenous 
Peoples and local communities, an important additional driver of environmental change is the 
degradation of human relation with the environment, including the loss of caring practices (e.g., 
Chao et al., 2024; Chen, 2024; Hirsch, 2024; Reyes-García et al., 2024).

Research results of the LICCI network clearly show that Indigenous Peoples and local commu-
nities identify numerous dynamic interactions of positive and negative feedback between climate, 
social, political, ecological, economic, and cultural structures. The recognition of this multifacto-
rial and nested complexity acknowledges that climate change impacts do not come in a vacuum, 
but often add to situations of colonialism, inequality, and environmental injustice. Within these 
contexts, climate change, while recognized as having an impact, is often not considered the main 
topic of concern (e.g., Blanch-Ramirez et al., 2022; Hirsch, 2024; Izquierdo & Schlingmann, 2024; 
Levy Guillén, 2022; Porcuna-Ferrer et al., 2023). For example, for agriculturalists in the Colca 
Valley (Peru), climate change impacts are mediated by structures of inequality, violence, and en-
vironmental injustice rooted in a highly centralized and urbanized form of capitalism configured 
by Peru’s colonial past (Hirsch, 2024). In the same vein, Koryak, Chukchi, and Even peoples, 
inhabitants of the Kamchatka Peninsula in Northeast Siberia, Russia, report that climate change 
impacts are exacerbated by legacies of social transformation derived from Soviet and post-Soviet 
policies (Gerkey & Sharakhmatova, 2024). Moreover, precisely because of political and economic 
inequalities, some groups -e.g., Indigenous and local women- may have more at stake in address-
ing climate change impacts and other sources of environmental change than others (e.g., Abazeri, 
2024; Porcuna-Ferrer et al., 2024). Finally, as featured in several chapters of this book, Indigenous 
Peoples and local communities identify that synergistic interactions between climate change and 
other drivers of change can amplify (e.g., Carmona, 2023; Hirsch, 2024; Junqueira et al., 2021) or 
attenuate (e.g., Chen, 2024) the overall impacts of change.

Overall, Indigenous Peoples and local communities’ understandings of change provide a holis-
tic, multi-causal, and multi-scalar complex picture of the relations between humans and the envi-
ronment, entangling ecological observations with socio-economic, cultural and political critiques. 
In doing so, they provide a political – and not a purely ecological- view of change, highlighting the 
need to focus on intersecting impacts.
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Indigenous Peoples and local communities’ reports of environmental change 
are not uniform

A third finding that derives from research by the LICCI network is that reports of changes vary 
across geographical areas and social characteristics of groups and individuals. We found variation 
at different levels. First, as climate-driven environmental change manifests differently across re-
gions, so do reports of these changes (Reyes-García et al., 2024), even at local scales (García-del-
amo et al., 2023). Moreover, the same indicator of change exerts different impacts, or impacts of 
different intensities, across livelihood strategies (e.g., Estevo et al., 2022; García-del-Amo et al., 
2022; Reyes-García et al., 2024). For example, weather instability makes agricultural labour in-
creasingly speculative and anxiety-riddled (Hirsch, 2024; Vázquez-Martínez, 2022), and sea-ice-
based hunting extremely dangerous (Galappaththi, 2024).

Second, we also found variation associated with whether impacts were perceived as nega-
tive. Indeed, reports of climate-driven environmental changes are often perceived as negative, 
but not always. Some reports of environmental changes are presented as having a positive im-
pact. For example, while most Kolla-Atacameños People and local communities in the Argentine 
Puna perceive climate change as negative, some people also perceive warmer climates in the local 
extremely cold weather as positive (e.g., Izquierdo & Schlingmann, 2024). Some people also re-
port as positive changes that permit longer fishing seasons (e.g., Stratoudakis et al., 2024) or that 
increase the length of agricultural season (e.g., Blanch-Ramirez et al., 2022; Estevo et al., 2022; 
Fuchs et al., 2024).

Finally, ethnicity or cultural norms (e.g., Mwangi et al., 2024), household context (e.g., Lippi &  
Sanfilippo, 2024) and individual characteristics, such as gender (Abazeri, 2024), age, or level of 
relation with the environment (García-del-Amo et al., 2023) are also linked to variation in re-
ports of climate-driven environmental changes. For example, in the mountains of Sierra Nevada, 
Spain, people whose livelihood directly depends on nature report many more changes and rela-
tions among observed changes than people who do not live in close relation with the environment 
(García-del-Amo et al., 2023), and Kikuyu and Meru smallholder farmers living in mountains in 
central Kenya report the use of different adaptation strategies, e.g., irrigation is more widespread 
amongst the Meru than among the Kikuyu, arguably because cultural differences between these 
groups shape their adaptation strategies (Mwangi et al., 2024).

Indigenous Peoples and local communities’ responses to impacts from climate 
change and associated stressors

Research by the LICCI network also provides main insights on how Indigenous Peoples and lo-
cal communities respond to the compounded impacts originating from climate change and other 
stressors.

Indigenous Peoples and local communities respond to climate change impacts 
in plural ways

The analysis of different case studies clearly shows that Indigenous Peoples and local communities 
respond to current impacts in diverse ways (see also Schlingmann et al., 2021). Among cases featured 
by the LICCI network, most documented responses include coping with change (e.g., Carmona, 2022; 
Porcuna-Ferrer et al., 2024) or the adoption of incremental adaptations, i.e., modifying livelihood 
strategies (e.g., Ávila et al., 2021; Hirsch, 2024; Labeyrie et al., 2021; Vázquez-Martínez, 2022).  
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For example, farmers in the Carpathians have changed their mowing, sowing, and harvesting 
practices to respond to weather unpredictability (Babai, 2024). Transformational adaptations, 
including migration to cities and changing to non-nature-related jobs, are widespread across 
geographical areas and livelihood activities, but they are not dominant (Zant et al., in press). Results 
call for caution when inferring that response options adopted are “adaptive” or “sustainable”, as the 
long-term consequences of responses adopted are often unknown (e.g., Ferrara & Lindberg, 2024). 
Moreover, some responses, while allowing for immediate coping with climate change impacts, can 
be detrimental in the long-term, increasing pressure on Indigenous Peoples and local communities 
to discontinue adaptive practices or to adopt unsustainable relationships with the territory (Zant 
et al., in press). For example, a review of the literature suggests that switching to off-farm work, 
while helping to cope with short term climate change impacts, also results in a decline in traditional 
activities, reduction in food production and self-sufficiency, and higher market dependency, 
potentially decreasing households’ resilience (Galappaththi & Schlingmann, 2023).

Social, political, and cultural barriers hamper Indigenous Peoples’ and local 
communities’ adoption of response options

A second finding reflected in research by the LICCI network is that structural social, politi-
cal, cultural, and other types of barriers hamper Indigenous Peoples’ and local communities’ 
adoption of some response options to climate change impacts. For example, Tyrol farmers in 
Austria are constrained to adopt transformational adaptation options as such responses re-
quire community work, which is in shortage because of social barriers (e.g., rural depopu-
lation) (Fuchs et  al., 2024). Likewise, farmers in Northern Ghana face financial barriers 
to adopt technical improvements proposed by government officials to enhance adaptation  
(Attoh et al., 2024).

Structural barriers are symptomatic of Indigenous Peoples’ and local communities’ histories 
of colonialism (Fayazi et al., 2020; Piggott-McKellar et al., 2019), for which they cannot be suc-
cessfully addressed through technical means, as featured in several chapters of this book. For 
example, the Mapuche-Pehuenche in Southern Chile are considered vulnerable to climate change, 
but they express that what has made them vulnerable is the violation of their rights to their terri-
tory and way of life through the progressive degradation of their land by logging extraction and 
their structural marginalization from the decision-making processes (Carmona, 2023). Similarly, 
Quechua descendant farmers in the Colca Valley, Peru, shifted to market-oriented agriculture un-
der the promise of economic development and the premise of a stable climate. The decrease of 
agricultural productivity under current market-dependence and unpredictable weather conditions 
is at the root of their vulnerability (Hirsch, 2024). In that understanding, chapters in this book also 
highlight how people suffering additional layers of marginalization (e.g., Indigenous women in 
patriarchal structures) face even further barriers to adaptation options (e.g., Ayanlade et al., 2024; 
Porcuna-Ferrer et al., 2024).

The adoption of response options might result in trade-offs and unequal distribution of costs 
and benefits across actors with different roles in society. For example, among Bassari farmers’ 
(Senegal), gender and access to financial, physical, and natural capital define who can implement 
and benefit from new agricultural technologies. In this case, the introduction of cotton as cash crop 
has increased men’s income but has also resulted in the abandonment of drought-tolerant native 
crops, increasing women’s work burden and the overall household’s vulnerability to market uncer-
tainties (Porcuna-Ferrer et al., 2024).
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Indigenous and local knowledge systems provide contextualized and suitable 
response options

Our third important finding in relation to Indigenous Peoples’ and local communities’ responses 
to change is that Indigenous and local knowledge systems provide contextualized and suitable op-
tions to respond to the simultaneous impacts of climate change and other drivers of global change. 
Indigenous and local knowledge systems have contributed to climate change response mecha-
nisms that reflect local ontologies and governance systems (Galappaththi, 2024; Reyes-García & 
Junqueira, 2023). They are contextualized in local livelihoods (Schlingmann et al., 2021) and cul-
tural preferences (Mwangi et al., 2024), rely on local resources and means (e.g., Chakauya et al., 
2023), and address the synergistic effects of simultaneous drivers of change (e.g., Abazeri, 2024). 
For example, Sereer farmers in Senegal shift between crop varieties depending both on climate 
trends and agricultural extension policies, showing their ability to cope with simultaneous drivers 
of change (Ruggieri et al., 2021). As Indigenous and local knowledge systems allow the adoption 
of autonomous responses (e.g., Jungsberg & Wendt-Lucas, 2024), these knowledge systems can 
be considered as enabling factors in the context of climate change adaptation. Chapters in this 
book suggest that such bottom-up responses can help manage multiple stressors and minimize 
vulnerabilities (e.g., Abazeri, 2024; Galappaththi, 2024). For example, among Inuit, the use of co-
management to respond to climate change impacts supports community resilience by improving 
food security, fostering social learning, and co-producing knowledge (Galappaththi, 2024).

Research by the LICCI network also shows that Indigenous and local knowledge can be ef-
fective to shape response options in interaction with other bodies of knowledge. For example, 
using online systems to integrate local and scientific knowledge of communities in coastal areas 
can serve to assess risk and vulnerability situations and shape adaptation or mitigation strategies 
to face environmental change and climate risks (Iwama et al., 2023). Also, interacting informa-
tion from autonomous responses to climate change impacts and national adaptation policies can 
improve the fit between responses at different scales (Singh et al., 2024) and improve all phases 
of the policy cycle that generate response options (e.g., Carmona, 2024b; McConney et al., 2024).

Working with different knowledge systems to contribute to climate change 
research and policy

Beyond research findings, work undertaken by the LICCI network also provides important in-
sights from the research process, in particular, in relation to conducting research with Indigenous 
Peoples and local communities about climate change impacts. In this section, we outline three 
main lessons learned regarding our research process.

Indigenous Peoples’ and local communities’ conceptualizations of climate 
change are not fully transferable to scientific categories

Indigenous knowledge and local knowledge systems are holistic systems encompassing knowl-
edge (e.g., monitoring changes), practices (e.g., water management), and value systems (e.g., rela-
tional values of nature) that do not always have equivalents in scientific categories (see also Orlove 
et al., 2023). Different members of the LICCI network worked with aspects of Indigenous and lo-
cal knowledge systems referring to climate change impacts that were encoded in different cultural 
manifestations, including proverbs (Garteizgogeascoa et al., 2020), agricultural calendars (Miara 
et al., 2022), rituals and beliefs (Chao et al., 2024), or ways of managing landscapes, ecosystems, 
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or species (Abazeri, 2024; Reyes-García et al., 2023). Some of these elements cannot be fully 
transferred to scientific categories.

However, in many cases, members of the LICCI network were able to weave elements of differ-
ent knowledge systems to generate a more enriched view of climate change impacts (Reyes-García 
et al., 2024) and potential responses (McConney et  al., 2024; Singh et  al., 2024). For example, 
weather-related proverbs provide long-term observations of many elements of the atmospheric sys-
tem and their impact on the biophysical world. In Sierra Nevada, Spain, the reported inaccuracy of 
weather-related proverbs provides a richer understanding of environmental changes than the limited 
number of indicators that scientists can locally measure (Garteizgogeascoa et al., 2020). Similarly, 
regarding response options, the contrast between autonomous and planned responses can guide more 
comprehensive and less redundant adaptation policies, as shown by the analysis contrasting of local 
adaptation in iTaukei communities and national adaptation plans in Fiji (Singh et al., 2024).

Understandings of climate change impacts derived from different knowledge 
systems often, but not always, overlap

A second finding brought from our research process is that, across case studies, reports from differ-
ent knowledge systems often, but not always, overlap. For example, the Tuareg of Illizi (Algeria) 
reported changes and irregularities in their ecological calendar, which have impacted their pastoral 
and semi-pastoral livelihoods. These reports are aligned with scientifically measured climate ob-
servations. Paradoxically, although participants recall with detail the climatic disasters that hap-
pened in the region over the last century, they do not explicitly report changes in the frequency of 
extreme events (Miara et al., 2022).

There are many reasons that can explain mismatches between information from different knowl-
edge systems. For example, mismatches might come from tensions between different understand-
ings of the term “climate change.” Research among the Bassari of south-eastern Senegal shows 
how the local interpretation of changing climatic conditions has ontological foundations. The Bas-
sari do not understand ‘climate’ as something separated, but rather as a phenomenon inextricably 
linked with socio-economic dynamics and immaterial aspects, such as supernatural forces (e.g., 
Porcuna-Ferrer et al., 2023). Mismatches between information from different knowledge systems 
can also come from divergent perceptions of reality due to other changes, such as changes in life-
style (e.g., houses are now isolated, people wear warmer clothing, or use more efficient technol-
ogy) (e.g., Ferrara & Lindberg, 2024; Stratoudakis et al., 2024). For example, fishers in Portugal 
argued that people perceive environmental conditions as milder now than in the past because now 
they have more robust fishing gears and vessels that allow more secure navigation (Stratoudakis 
et al., 2024). Moreover, mismatches can also come from a focus on different spatial or temporal 
scales (e.g., Ferrara & Lindberg, 2024; Mattalia et al., 2024; Reyes-García & Junqueira, 2023). 
Science often focuses on planetary changes and long (geological) time, whereas Indigenous and 
local knowledge systems often focus on changes that happen at the local geographical scale and 
in short (historical) time (e.g., Ferrara & Lindberg, 2024; Reyes-García & Junqueira, 2023). The 
scale at which information is aggregated (e.g., global vs. local, short-term vs. long-term) might 
also lead to different conclusions.

Even when reports from different knowledge systems match, Indigenous and local knowledge 
systems signal new complexities and nuances that might have been previously invisible, often 
emphasizing aspects that matter to local people. For example, in the Juruá river (Brazil), while 
climatic models show inconclusive or contradictory precipitation trends, there is a clear local 
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understanding that summers have become wetter (Estevo et al., 2022), thus complementing sci-
entific understandings. Complementarities between knowledge systems can help define research 
priorities. For example, Meru farmers in Mt. Kenya (Kenya) reported changing rainfall patterns 
and increased temperatures (matching with weather stations data), which are increasing pests and 
diseases in the banana fields, their preferred staple food. However, farmers also explained that the 
impacts are aggravated given the lack of research and access to improved banana varieties, which 
together reduces banana productivity (Mwangi et al., 2024).

Overall, exploring mismatches and complementarities between knowledge systems, rather than 
validating information from one or another knowledge system, should lead to an enriched picture 
of reality and more contextualized research priorities (Tengö et al., 2014).

Current scientific research practices do not uphold Indigenous and local 
knowledge systems and ignore environmental impacts of research

Our last lesson learned from examining our research process refers to several mismatches noted 
between the goals of our project and the use of current research practices. In executing this project, 
several members of the LICCI network signaled that current scientific research practices largely 
privilege norms and standards that do not encourage the co-construction of new knowledge based 
on evidence from different knowledge systems (see also Orlove et al. 2024). Moreover, such prac-
tices reproduce structural barriers that do not encourage citizen’s participation in science (Iwama 
et al., 2023) and do not acknowledge the power dynamics set by professional researchers, often in 
privileged positions in the production of knowledge (Reyes-Garcia et al., 2024).

Even more, members of the network also acknowledged that research projects framed under 
current research “best practices” are often not obliged – and sometimes not even aware- of the 
need to respect Indigenous Peoples’ rights to their knowledge – as enshrined in the United Nations 
Declaration on the Rights of Indigenous Peoples (UNDRIP) – and consequently to their data, nor 
are scientific institutions equipped to do so (Reyes-García et al., 2022a).

Finally, members of the network also acknowledged that under current frameworks, research-
ers are not incentivized to acknowledge and reduce the environmental impact of their research ac-
tivities, thus -ironically- contributing to aggravate the carbon impact of research activities, which 
ultimately perpetuates the paradox of aggravating climate change impacts among Indigenous Peo-
ples and local communities. For example, during its initial phase, the LICCI project emitted an 
estimate of 161 tons CO2-eq, which could have been largely reduced to 92 tons CO2-eq (or 53% 
of the emissions) by applying a standard set of measures already proposed by scholars aiming to 
decarbonize research or even to 4 tons CO2-eq (or 2.4% of the estimated emissions) by applying 
more strict measures aiming to reach carbon neutrality. Most emissions reductions come from 
reducing travel, which is not likely to happen unless the research sector develops normative stand-
ards of scientific research practice that encourage, value or even impose the reduction of carbon 
emissions (Reyes-García et al., 2022b).

Looking forward: policy recommendations

A growing body of research suggests that Indigenous Peoples and local communities are sys-
tematically marginalized in climate research and policy, a status that is linked to their general 
marginalization in society, current political power structures, and histories of colonization (e.g., 
Chakraborty & Sherpa, 2021; Conway et al., 2019; Ford et al., 2016; Yap & Watene, 2019). This 
realization has given rise to several recommendations on how to work with Indigenous Peoples 



Introduction

11

and local communities in climate research and policy (e.g., McElwee et al., 2020; Roue & Na-
kashima, 2018). Following this trend, in this last section, we provide a main recommendation for 
partnering with Indigenous and local knowledge holders to engage them and their knowledge sys-
tems in climate research and policy. We then present some concrete steps for researchers, research 
institutions, and decision makers to put the aforementioned recommendation into action. Given 
the diversity of context in which Indigenous Peoples and local communities are found and the dif-
ferent focus of our research, we also emphasize that the application of any policy recommendation 
will need to be contextualized.

Policy recommendation: Recognize Indigenous Peoples and local communities as legitimate 
custodians of knowledge regarding climate change and its impacts and as key rights-holders to 
participate in and contribute to climate change decision-making at both local and international 
levels.

Concrete steps for researchers and research institutions to put the aforementioned recom-
mendation into action include

Include representatives from Indigenous Peoples and local communities in scientific committees, 
national delegations, or advisory/technical bodies dealing with climate and environmental 
change research.

Establish protocols for validating and endorsing data and information when working with Indig-
enous knowledge systems in research institutions, to ensure these align with Indigenous Data 
Sovereignty principles. This should involve including representatives from Indigenous Peoples 
and local communities in research, ethics, and data regulating bodies and setting up mecha-
nisms and infrastructure that facilitate the respect of these rights.

Recognize and uphold Indigenous Peoples’ rights (as enshrined in UNDRIP, 2007) in climate and 
environmental research, especially in projects that involve Indigenous Peoples’ and local com-
munities’ knowledge to address climate change impacts. Such rights include, among others, 
collective rights to resources, land, knowledge and, consequently, data.

Evaluate research that involves Indigenous and local knowledge based on criteria that go beyond 
academic metrics, including evaluation criteria such as formal recognition of Indigenous Peo-
ples and local communities as knowledge holders, type of engagement with the community, 
and research benefits to the community.

Create specific research opportunities that allow for the extra time required to prepare proposals 
for collaborative research.

Provide support, and particularly funding, for Indigenous researchers and Indigenous research 
institutions.

Foster national and international networks and exchanges of experiences (e.g., via workshops) 
among Indigenous Peoples and local communities around climate change impacts to ensure a 
safe space for exchanging and valuing their knowledge and worldviews, without necessarily 
seeking to transfer it to scientific terms.

Implement a zero-carbon emission policy on climate change research projects (and beyond) to 
minimize the emissions generated by research activities, which ultimately perpetuate the para-
dox of aggravating climate change impacts among Indigenous Peoples and local communities.

Concrete steps for decision makers to put the aforementioned recommendation into action include:

Enhance decision makers’ competencies and capacities to receive, comprehend, and value insights 
from Indigenous peoples and local communities, both at the individual and institutional levels.
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Include representatives of Indigenous Peoples and local communities at all levels of climate  
decision-making. Given their existing management of territories, at the local level, Indigenous 
Peoples and local communities should be actively included in local climate policy and plan-
ning. At the global level, Indigenous Peoples and local communities should be guaranteed 
permanent, effective, and meaningful participation in intergovernmental processes and bodies.

Incorporate Indigenous and local knowledge into all stages of climate decision-making, from de-
fining climate change impacts, vulnerabilities, and adaptations to designing climate policies 
and making decisions about climate finance. Specifically, as Indigenous Peoples and local com-
munities must adapt to changes they are not responsible for, and as responding to these changes 
incurs high costs, governments must cover the increased costs associated with dealing with 
climate change and its impacts. This includes both economic and non-economic costs associ-
ated with loss and damage from climate change impacts.

Uphold Indigenous Peoples’ Rights (as enshrined in UNDRIP, 2007) in climate policy, which 
involves undergoing proper and continuous consultation and Free, Prior Informed Consent 
(FPIC) before establishing any policies for climate mitigation, adaptation, and reparation.

Ensure multifoci and inclusive adaptation policies that consider potential synergies between cli-
matic and socioeconomic factors, which prioritize contextualized and locally implemented so-
lutions, and avoid technological lock-in.

Improve policies based on contextualized intersectional vulnerability assessments that consider the 
specific vulnerabilities of certain groups (e.g., Indigenous Peoples, ethnic minorities, women, chil-
dren, landless people) and integrate those factors in climate action plans at all governance levels.

Improve horizontal and vertical coherence in climate adaptation policies to integrate the multiple 
and simultaneous challenges faced by Indigenous Peoples and local communities across differ-
ent sectors and geographic scales.
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INTRODUCTION TO PART I

Impacts of climate and global change 
on local social-ecological systems

Learning from Indigenous and local knowledge

David García-Del-Amo and André B. Junqueira

Climate change is a global threat affecting all ecosystems and societies in the world (IPCC 2022). 
Temperature rise, changes in precipitation patterns, and increases in the frequency and intensity of 
extreme events such as droughts, floods, and storms have been extensively documented by scien-
tists in the last decades, and are a reality across most of the planet (Gulev et al. 2021; Seneviratne 
et al. 2021). Changes in weather and atmospheric systems are linked to multiple other changes in 
aquatic and terrestrial physical systems, such as the melting of glaciers and permafrost, sea level 
rise, ocean acidification, and soil erosion (Fox-Kemper et al. 2021). These changes in atmospheric 
and physical systems have large and diverse impacts in biodiversity, affecting species distribution, 
composition, behaviour, reproduction, diseases, as well as the dynamics and functioning of entire 
ecosystems (Armstrong Mckay et al. 2022; Cooley et al. 2022; Parmesan et al. 2022). Altogether, 
these biophysical changes have large consequences for socio-ecological systems, as they directly 
affect resource use and management systems, food, water and economic security, infrastructure and 
human physical and mental health (Xu et al. 2009; Cissé et al. 2022; García-del-Amo et al. 2022).

Impacts of climate change on socio-ecological systems are very diverse, heterogeneous, and 
show an uneven geographic distribution. In regions characterised by extreme environmental con-
ditions such as polar regions, deserts, coastal areas, small islands, and mountains, climate change 
impacts are manifesting with higher intensity (IPCC 2019a, 2019b, 2021). Also, while climate 
change affects societies all over the world, Indigenous Peoples and local communities are consid-
ered particularly vulnerable to its impacts, mostly due to their high dependence on nature and their 
historical social and economic marginalisation, often due to colonialism (Fayazi et al. 2020; Sul-
tana 2022; Carmona 2024, Chapter 12). Indeed, there are many well-documented examples of In-
digenous Peoples and local communities harshly affected by climate change impacts, with effects 
that compromise different elements of their strongly nature-based livelihoods and culture (Crate 
2011). For example, in Chile, Mapuche communities express concern about climate change im-
pacts on araucaria forests (Araucaria araucana) as, due to the cultural and economic importance 
of the species for their society, such impacts might become a threat to Mapuche culture and liveli-
hoods (Carmona 2024, Chapter 12). Similarly, Indigenous Peoples and local communities living 
in mountainous regions with perpetual snow relate the disappearance of the snowpack to the loss 
of their local identity, beyond the loss of water resources for their survival (Konchar et al. 2015).

At the same time, Indigenous Peoples and local communities are increasingly recognized 
as key actors in the challenge of understanding climate change impacts and adapting to them. 
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Through their historical and intimate relationship with local ecosystems, Indigenous Peoples and 
local communities have developed a rich and detailed body of knowledge, based on which they 
manage nature and identify subtle changes, being the first to react to them (Reyes-García et al. 
2016; Savo et al. 2016). In addition, many of them live in remote areas, where historical records 
and scientific studies are scarce (Rosenzweig and Neofotis 2013). The recognition of the potential 
of Indigenous knowledge and local knowledge systems in identifying and adapting to climate 
change impacts is reflected by the recent exponential increase in the number of publications on 
the topic (Reyes-García et al. 2019; Petzold et al 2020), and by the increasing, although incipient, 
inclusion of Indigenous Peoples and local communities into climate action (McElwee et al. 2020; 
Pörter et al. 2021; Schipper et al. 2022; Ford et al. 2016; David-Chavez and Gavin 2018).

As research and policy initiatives on the interface among Indigenous Peoples and local communi-
ties, their knowledge systems, and climate change have evolved in the last decades, new research top-
ics, perspectives, and refined understandings also have emerged (see also Orlove et al. 2023). Chapters 
in this first part of the book bring insights from Indigenous Peoples and local communities experienc-
ing climate change impacts around the world, represented by 12 case studies located in Albania, Italy, 
Portugal, Romania, Russia, Spain, Argentina, Bolivia, Chile, Peru, and the Caribbean sea region. The 
case studies featured cover a wide environmental and cultural diversity, including Indigenous Peoples 
and local communities who practise different livelihood activities (e.g., agriculture, fishing, hunting-
gathering) and inhabit different ecosystems such as mountains, polar regions, coastal areas, tropical 
forests. In this introduction, we discuss insights and advances brought by these chapters on the follow-
ing three main topics: (1) the place-specific, nuanced, and patterned nature of local knowledge about 
climate change impacts; (2) the holistic and interconnected understanding of climate change impacts 
from the perspective of Indigenous knowledge and local knowledge systems, and (3) the local under-
standing of interactions between climate change and other drivers of socio-environmental change.

Climate change impacts: place-specific, socially and environmentally patterned

While Indigenous knowledge and local knowledge of climate change may have initially been 
approached as a static and uniform entity, there is increasing evidence unveiling how this knowledge 
is nuanced and patterned, contingent on socio-economic, cultural and environmental factors (Armah 
et al. 2015). Echoing patterns found for Indigenous knowledge and local knowledge in general, local 
understandings about climate change impacts vary across livelihood activities, gender, age, ethnicity, 
and are influenced by external factors such as access to information or policy initiatives (Crona et al. 
2013; Mwangi et al. 2024, Chapter 19). For example, in Chapter 5, García-del-Amo et al. (2024), 
working with local communities from the mountains of Sierra Nevada, Spain, show how local 
ecological knowledge about climate change impacts is contingent on the level of engagement with 
agricultural and livestock activities. In the same line, in Chapter 6, Ferrara and Lindberg (2024), 
working with local communities in Sicily, show how communities’ experiences of ‘changing 
weather’ or ‘changing climate’ are partially culturally constructed and influenced by changes in 
lifestyles. The way in which Indigenous Peoples and local communities experience climate change 
impacts is also historically and socially constructed, as demonstrated by Carmona (2024) in Chapter 
12 with the case of Mapuche communities in Chile. Similarly, Gerkey and Sharakhmatova (2024), 
working with local communities of the Kamchatka Peninsula in Russia, show in Chapter 2 how 
perceived impacts of climate change are aggravated and influenced by the socio-political context 
where they take place – in their case, by social changes that took place in the post-Soviet era.

This refined understanding of Indigenous knowledge and local knowledge is crucial to leverage 
the inclusion of Indigenous Peoples and local communities into policy agendas, as well as to foster 
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dialogues between Indigenous knowledge and local knowledge and scientific knowledge (Ford 
et al. 2016; Xu et al. 2021). Indeed, some of the chapters in this part allude to how a deeper, thor-
ough understanding of Indigenous and local knowledge can favour bridging knowledge systems 
and hence leverage the development of climate policies and adaptation strategies. For example, 
in Chapter 1, Mattalia et al. (2024) explored correspondences between climate knowledge from 
Hutsul communities in Romania and instrumental records, highlighting how the complementarity 
between knowledge systems can provide a robust basis for co-developing effective climate poli-
cies. Comparing evidence derived from local knowledge with instrumental records is a common 
practice in studies focusing on Indigenous Peoples, local communities and climate change (e.g., 
Savo et al. 2016; Fernández-Llamazares et al. 2017; Chen and Chen 2020; Paudel et al. 2020). Im-
portantly, and as shown in examples from this volume where local knowledge has been compared 
with instrumental data (Babai 2024, Chapter 4; Ferrara & Lindberg 2024, Chapter 6; Lippi & 
Sanfilippo 2024, Chapter 7; Mattalia et al. 2024, Chapter 1), rather than validating one knowledge 
system with information from another one, this approach should foster identifying complementari-
ties and favouring dialogues between knowledge systems.

While exploring synergies and complementarities between different knowledge systems allows 
building an ‘enriched picture’ (Tengö et  al. 2014) of climate change impacts, there are still many 
barriers to the actual engagement of Indigenous and local knowledge into climate policy and action. 
For example, in the third chapter, McConney et al. (2024) analyse the potential contribution of local 
knowledge to address an environmental problem derived from climate change impacts in Caribbean 
countries. During the last decade, massive influxes of pelagic sargassum seaweed have intermittently 
inundated the Caribbean Sea coasts, disrupting coastal and marine social-ecological systems. The au-
thors show how, in spite of the lack of institutionalised mechanisms for influencing policy, local knowl-
edge has the potential to inform how coastal area ecosystems and livelihoods have been impacted by 
the sargassum influxes and to guide local coping measures, especially in small-scale fisheries.

The holistic and interconnected understanding of climate change impacts

Through their intimate and historical connections with territories, Indigenous Peoples and local 
communities have developed holistic worldviews and knowledge systems, in which elements of 
the natural, human and spiritual world are seen as indissociable, interconnected and interdependent. 
This understanding is also reflected in how they experience and interpret climate change impacts 
(Crate 2011; Nakashima and Krupnik 2018). While local knowledge systems may indeed be capable 
of identifying a change in isolation, for example, a decrease in rainfall, they can also be powerful 
to map the interconnections between this and other changes, as well as its cascading impacts that 
extend to different elements of local livelihoods (Junqueira et  al. 2021; García-del-Amo et  al. 
2024, Chapter 5). Cascading effects are a common phenomenon in complex systems, where all 
components are interconnected, and it is also a fundamental topic in resilience, sustainability 
and social-ecological frameworks (Xu et al. 2009; Turner et al. 2016; Burton et al. 2020; Haro-
Monteagudo et  al. 2020). Cascading effects of climate change have been demonstrated (e.g. 
Bahlai et al. 2021; Rocha et al. 2018), with research showing that they could be able to trigger the 
extinction of species (Folke et al. 2004; Krönke et al. 2020; Armstrong Mckay et al. 2022). Some 
of the contributions in this part of the book document reports of cascading effects of climate change 
derived from Indigenous and local knowledge. In Chapter 4, Babai (2024) examines perceptions 
of farmer communities in the Eastern Carpathians of Romania, describing how changes in the 
atmospheric system (in particular changes in the temporal distribution of rainfall, mean temperature, 
seasonality, and drought intensity) lead to changes in crop productivity, phenology and quality, 
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and trigger local responses such as shifts in the agricultural calendar and practices. In Chapter 7, 
Lippi and Sanfilippo (2024) document that smallholder farmers in Albania also report atmospheric 
changes leading to cascading effects in agricultural systems and triggering adaptation responses.

Indigenous and local knowledge can also help unveiling other imbricate and complex connec-
tions between climate change impacts. In Chapter 5, García-del-Amo et al. (2024) used a network 
analysis to investigate climate change impacts reported by local communities from the mountains 
of Sierra Nevada, Spain, identifying triggering impacts, cascading effects, and mapping the net-
work of interconnections between changes. Likewise, Reyes-García et al (2024), in Chapter 10, 
unveil how the Tsimane´ understanding of environmental change in Bolivian Amazonia involves 
a complex network of interconnected social and environmental changes and drivers. Altogether, 
these examples demonstrate how Indigenous Peoples and local communities´ holistic understand-
ing of nature is also expressed in their understanding of climate change impacts. This holistic 
understanding unveils the complexity of climate change impacts and their interrelations, allowing 
the identification of overseen impacts of climate change, of their consequences on the function-
ing of social-ecological systems, and provides a strong basis for designing local adaptation plans.

The local understanding of interactions between climate change and other 
drivers of socio-environmental change

While climate change is indeed a major societal challenge and one that is disproportionately impacting 
Indigenous Peoples and local communities all over the world, its actual impacts on socio-ecological 
systems depend on interactions with other environmental and socio-political factors. During the last 
decades, researchers have demonstrated the substantial influence of human activities on ecosystems 
through direct and indirect drivers of change (Eyring et al. 2021). Land-use change, overexploitation 
of nature, pollution of waters and soils, or emission of GHG are direct drivers of change affecting 
ecosystems (Arneth et al. 2020). Indirect drivers of change include rural exodus, economic pressures, 
policy regulations, and other socio-political factors (Díaz et al. 2019). Together, these drivers are 
leading to changes in ecosystems, lifestyles, and societies in several aspects and at a pace never seen 
before in human history (Butchart et al. 2010; Steffen et al. 2015; Díaz et al. 2019; IPBES 2019).

Several of the contributions presented in this volume demonstrate how understanding socio-
environmental change from the perspective of Indigenous and local knowledge systems can help 
in unveiling the complexities of the interactions between multiple drivers of change – including 
climate change –, and how they are expressed in local socio-ecological systems. Combining in-
formation from local knowledge with meteorological records and a long-term reconstruction of 
climatic and societal past in Sicily, Italy, in Chapter 6, Ferrara and Lindberg (2024) show how 
environmental changes have been the norm rather than the exception in the region. Such changes 
are driven by a combination of climatic fluctuations, human agency, and long-term ecological dy-
namics. In Chapter 8, Izquierdo and Schlingmann (2024), working in the Argentinian Puna, show 
how local communities see climate change as one among multiple drivers of socio-environmental 
change, and also how certain drivers (such as the arrival of new technologies and the improve-
ment of transportation conditions) are associated with positive changes, while others (e.g., cli-
mate change, migration) are mostly associated with negative ones. Similarly, Stratoudakis et al. 
(2024) in Chapter 9, demonstrate how fishing communities on the coast of Portugal understand the 
changes that have affected their fishing practices in the last decades as the product of interactions 
among multiple socio-economic and environmental drivers, including climate change. In Bolivian 
Amazonia, Reyes-García et al. (2024) show in Chapter 10 how the Tsimane’ complex understand-
ing of environmental change acknowledges the importance of the interactions between different 
drivers, including social, political, ecological and spiritual elements.



Impacts of climate and global change on local social-ecological systems

25

Importantly, many of the socio-environmental changes and drivers acknowledged by Indig-
enous Peoples and local communities are rooted in the colonialism and/or marginalisation to 
which they have been historically exposed (Whyte 2017, 2020). For example, Lippi and Sanfili-
ppo (2024), in Chapter 7, demonstrate how smallholder farmers in Albania acknowledge that their 
livelihoods have been deeply affected by socio-economic changes following the collapse of the 
communist regime (e.g., land fragmentation, lack of government support, migration). This situa-
tion also poses severe barriers to their capacity of implementing adaptation responses to climate 
change. Likewise, Hirsch (2024) in Chapter 11 discusses how Quechua farmers in the Peruvian 
Andes have been shifting to market-oriented agriculture stimulated by decades of development 
projects, which has resulted in reduced food and economic sovereignty, now further aggravated 
by the challenges of an unpredictable climate. In a similar tone, Carmona (2024) in Chapter 12 
debates how the current vulnerability of Mapuche-Pehuenche communities in the Chilean Andes 
to climate change is ‘socially constructed’, rooted in a historical process involving changes in land 
use, pressures for the extraction of forestry resources, and the implementation of public policies. 
Taken together, these examples bring important insights, rooted on Indigenous and local knowl-
edge, about how social and environmental changes, with the complexity of their multiple drivers, 
historical and political dimensions, affect socio-ecological systems.

Based on examples from diverse environmental and socio-cultural contexts, the contributions 
presented in Part I advances the understanding of how climate change and other drivers of global 
change interact, are expressed in local socio-ecological systems, and are experienced by Indig-
enous Peoples and local communities. They also demonstrate the potential of Indigenous and local 
knowledge to disentangle the nuanced and interconnected nature of climate change impacts and 
drivers. As climate change impacts aggravate the historical vulnerability of Indigenous Peoples 
and local communities (Birkmann et al. 2022), these advances are timely and crucial to identify 
pathways for the development of effective climate policies and adaptation strategies.
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Introduction

Mountain regions provide crucial nature’s contributions to highland communities, but also to 
lower land inhabitants (Schirpke et al. 2019). Despite their essential contributions, mountain ar-
eas are particularly vulnerable due to the combination of direct (e.g., extreme weather events, 
including a steady increase of precipitation) and indirect climate change impacts (e.g., landslides) 
(Chakraborty 2021; Li et  al. 2022). Nevertheless, detecting those impacts is often challenging 
and efforts based on instrumental data mostly result in coarse predictive models. This is partly so 
because, in addition to the large heterogeneity in environmental conditions observed in mountain 
areas, these areas suffer from meteorological data paucity (Gelfan et al. 2017; Hawkins and Sutton 
2009; Viviroli et al. 2011).

In the quest to understand climate change impacts in mountain areas, scientists have recently 
highlighted the potential contributions of local communities, which can provide valuable infor-
mation (Chaudhary & Bawa 2011; Reyes-García et al. 2016, 2019; Savo et al. 2016). Indeed, the 
scientific community has started to acknowledge that the perspectives of local communities (de-
fined here as people who have interacted with the surrounding environment for long periods) could 
provide crucial information on local climate change impacts (Madhanagopal & Pattanaik 2020 
and the references within). For instance, climate observations by Ecuadorian mountain communi-
ties have helped to select suitable datasets for climatological analysis, providing data otherwise 
not available (Kieslinger et al. 2019). Local reports of climate change impacts can also enhance 
our understanding of cascading effects of changes in elements of the atmospheric system (e.g.,  
Garcia-del-Amo 2023; 2024 (2024 refers to chapter 5); Gentle & Thwaites 2016; Ingty 2017; Xenar-
ios et al. 2019). For instance, mountain herders in Nepal note that the scarcity of pastures is generated 
by extended droughts and lack of snowfall (Aryal et al. 2014). Similarly, Indian mountain farmers,  
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who mostly rely on rain-fed agriculture, note a reduction in crop productivity due to an overall 
decrease in precipitation (Shukla et al. 2019).

Despite its richness, to date, local communities’ knowledge is rarely taken into account in science 
and policy fora, for reasons that range from limited accessibility in terms of funding to language 
barriers (Aryal et al. 2016; Comberti et al. 2016; Matera 2020; Negi et al. 2017). Among the studies 
on the topic, some have compared climate impacts derived from local knowledge with reports from 
instrumental recordings, with contrasting results. For example, a study conducted among nomadic 
Mongolian pastoralists found an alignment between reports of local knowledge and instrumental 
recordings, local knowledge documenting climate extremes not recorded by instrumental records 
(Tumenjargal et al. 2020). Conversely, Rakhmanova et al. (2021) found that most of the climate 
change impacts perceived by the rural dwellers of Western Siberia do not match the measurements 
by weather stations, arguably because instrumental records are not as specific as local observations. 
Finally, Shrestha et al. (2019) found a partial overlap between information from the two knowledge 
systems in Nepal, with convergence on temperature shifts but not on precipitations.

Among the different world regions, understanding of local communities’ knowledge on climate 
change impact is very much neglected in Europe. Indeed, most of the scarce work on local obser-
vations of climate change impacts conducted in European mountain ranges has focused on users of 
ski resorts (e.g., Trawöger 2014 & Wolfsegger et al. 2008 in Austria; Dinca et al. 2014 in Romania, 
Cholakova & Dogramadjeva 2019 in Bulgaria; Prettenthaler et al. 2022 for a pan-European study), 
thus ignoring the body of knowledge hold by communities with a long history of interaction with 
the environment (see García-del-Amo et al. 2023).

To enrich our understanding of climate change impacts in European mountain areas, in this 
chapter, we explore observations reported by a small ethnolinguistic community and compare 
them to information obtained from instrumental records in the past 60 years. Specifically, the 
aims of this work are (1) to document climate change impacts observed by Hutsuls, a mountain 
community living in Romanian Carpathians; (2) to describe the climatic trends detected through 
a close-by meteorological station; and (3) to compare data from the local community with those 
reported by the meteorological station. 

Materials & methods

We conducted research in the Carpathians, the second-largest mountain range in Europe, where we 
worked with the Hutsuls. Recently, the climate of the Carpathians has been examined by several 
scholars, and particularly through the project “CARPATCLIM, Climate of the Carpathian region”, 
which has analyzed data from hundreds of local meteorological stations until 2010.

The Hutsuls

We conducted research among the Hutsuls, a mountain ethnolinguistic minority living in the Car-
pathians, largely on Ukrainian territory, although there are also approximately 15,000 Hutsuls in 
Suceava County, Romania (Figure 1.1). Hutsuls speak a language of Slavic origin, also named 
Hutsul, as well as the national languages of the states where they live (Ukrainian or Romanian).

Traditionally, Hutsuls relied on the local environment for their livelihood, which heavily de-
pended on small-scale forestry and farming (Huțuleac 2014; Mattalia et al. 2022; Saghin et al. 
2017). In spring (April and May) Hutsuls’ main activity is preparing homegardens, and especially 
seeding potato patches. In summer (June–August), the most important activity for Hutsul com-
munities is haymaking, an activity which they complement with wild berries, mushrooms, and 
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medicinal herbs foraging. Autumn (September and October) is the time for preparing food and feed-
ing reservoirs for winter times while harvesting the last mushrooms. During winter (November– 
March), Hutsuls slaughter pigs, rarely sheep and calves, and prepare their meat. Despite the impor-
tance of these traditional activities, nowadays, young Hutsuls increasingly rely on seasonal jobs 
abroad, as there is a lack of job opportunities in the upper Suceava Valley (especially in industry 
and services) and the European Union citizenship has facilitated migration to other countries.

Data collection methods

This work uses both secondary and primary information. Secondary information includes data 
collected at the meteorological station of Selyatin by two different providers. Primary information 
includes data obtained from semi-structured face-to-face interviews and focus group discussions 
(FGD) following the research protocol of the Local Indicators of Climate Change Impacts (LICCI) 
research project (Reyes-García et al. 2023). Before any data were collected, we requested the Free, 
Prior, and Informed Consent of all participants (CEEAH 4781).

Climatological data were obtained from two sources. For the period 1961–2009, meteorologi-
cal records were obtained from CARPATCLIM (through its Ukrainian representative). The project 
ran between 2010 and 2013 and involved institutions from nine countries of the Carpathian area 
(see Szalai et al. 2013 for details). Among the selected stations, there was Selyatin, the closest 
meteorological station to the study area (despite its location in the Ukrainian territory; 47°52′ N 
lat., 25°13′ E long.; 762 m). In our analysis, we integrated the data obtained from CARPATCLIM 
and data from an online dataset (https://rp5.ua/Weather_archive_in_Selyatin), which contained 
data from Selyatin meteorological station for the period 2010–2019. We combined information on 
the two data sources to generate a unique dataset for the period 1961–2019. Both datasets include 
three variables: daily temperature (avg, in °C), daily precipitation (sum, in mm), and daily snow 
cover (sum, in cm). Unfortunately, the second dataset (2010–2019) presents incomplete data about 
snow cover, thus we could not use them for completing the desired time frame (1961–2019).

Twenty in-depth semi-structured interviews were carried out in June and July 2019 in the upper 
Suceava Valley (Figure 1.1). Quota sampling was used to select informants from different gender 
and life stages. Our sample includes 13 women and seven men ranging between 37 and 92 years 
of age. During interviews, we asked participants to report changes observed in the environment. 
We started by asking to describe any environmental change observed and then we continued by 
asking them more precisely about specific elements (e.g., forest, flora; for the full protocol, see 

Figure 1.1 � Map of the study area: position of (a) Romania within Europe, (b) Suceava County within Roma-
nia, and (c) the upper Suceava Valley and the Selyatin meteorological station in Ukraine, close to 
the Romanian border. Own modification from https://www.mapchart.net/.

https://rp5.ua
https://www.mapchart.net
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Reyes-García et al. 2023). To avoid biases, the expression “climate change” was not used, but 
rather we referred to “changes in the environment”. The term “weather” was mentioned to elicit 
changes regarding seasons, temperature, or precipitation. Although interviews covered many en-
vironmental changes, here we focus on observations of changes in elements of the atmospheric 
system (i.e., temperature, precipitation, and seasonal events).

Three FGD with people who did not take part in the semi-structured interviews were organ-
ized to validate the information mentioned during semi-structured interviews (Reyes-García et al. 
2023). In FGD, we presented the list of changes compiled during semi-structured interviews and 
asked participants to tell us if they had also observed such changes. After the discussion, for each 
observed change, the researcher moderating the FGD noted her appreciation of whether partici-
pants (1) completely agreed; (2) agreed after the debate; (3) disagreed after the debate; or (4) com-
pletely disagreed with the statement proposed by the interviewer.

Interviews and FGD were conducted in Romanian by the first author with the help of a native 
facilitator. We did not record the interviews but took detailed notes of responses.

Data analysis methods

Secondary data were used to calculate (i) daily and (ii) monthly average temperature, (iii) daily 
temperature range, (iv) monthly precipitation, and (v) annual snow coverage.

Observations of environmental changes noted during interviews were categorized according to 
the hierarchical classification proposed by Reyes-García et al. (2023). Specifically, we classified 
observations of environmental changes into Local Indicators of Climate Change Impacts (LICCI), 
which were then organized into “impacted elements” (e.g., mean temperature) grouped by subsys-
tems affected (e.g., temperature).

We compared observations of changes in elements of the atmospheric system with climatic 
trends derived from instrumental data from the Selyatin meteorological station following the cor-
respondence in Table 1.1.

Table 1.1 � Correspondence between climate trends (a) mentioned by Romanian Hutsuls and (b) derived from 
instrumental data (Selyatin station), for the period 1961–2019

Climate trend 
reported by Hutsuls

Climate trend derived from instrumental data

Original variable Trend calculation

Before there was 
not such a hot 
temperature

Daily max 
temperature (°C)

Days/year with a maximum temperature above 25.4°C 
(equivalent to the 95th percentile).

Winters are milder Daily temperature 
(°C)

Average temperature during winter (avg. daily, to avg. 
monthly, to avg. winter temperature).

Winter can be colder 
[than it used to be]

Daily min 
temperature (°C)

Number of days with minimum temperatures <−16.6°C 
(equivalent to the fifth percentile).

Temperature changes 
abruptly

Daily max and min 
temperature (°C)

Number of days with a temperature variation (max temp-
min temp) >21°C (equivalent to the 95th percentile).

Temperature is more 
extreme

Daily max and min 
temperature (°C)

We defined extreme cold days, days when minimum 
temperature <−16.6°C (equivalent to the fifth percentile) 
and extreme hot when maximum temperature >25.4°C 
(equivalent to the 95th percentile). We calculated the total 
number of days per decade with extreme cold or hot days.

(Continued)
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Climate trend 
reported by Hutsuls

Climate trend derived from instrumental data

Original variable Trend calculation

Some days are too 
cold, some days are 
too hot

Daily avg 
temperature (°C)

Unusual months (i.e., “too cold” or “too hot”) were months 
with temperature variation over the 95th percentile 
calculated for every month. We calculated the monthly 
average temperature, then the average for every month, 
and finally, the variation for each month.

It snows less Snow cover sum Sum of cm of snowfall.
It rains more often Number of days 

with recorded 
daily precipitation

We calculated the days in which rain precipitations 
occurred per year (excluding the winter months, as at this 
time, it snows).

Seasons do not exist 
anymore.

Now there are only 
two seasons

[Seasons do no 
longer present the 
characteristics they 
used to have]

Daily temperature; 
daily precipitation

We defined unusual months (i.e., “too cold” or  
“too warm”), when temperature variations were over  
the 95th percentile calculated for every month. To 
determine “unusual months”, we calculated the monthly 
average temperature, then we calculated the average 
for every month and the variation for each month of 
each year 1961–2019. We also calculated seasonal 
precipitation sum for the years to determine  
anomalies in it.

Spring comes earlier Daily snow cover Date of the last snowfall recorded for each winter.

We are aware that concepts derived from local knowledge may not necessarily overlap with 
concepts derived from scientific knowledge due to the multifaceted nature of knowledge systems 
(Barnhardt & Oscar Kawagley 2005; Silvano & Valbo-Jørgensen 2008). Despite these difficulties, 
and in line with what Tengö et al. (2014) and Fassnacht et al. (2018) have proposed, we argue that 
the effort to compare evidence derived from different knowledge systems can generate new and 
important insights to understand the complexity of climate change impacts.

Results

Hutsuls reported several observations of changes in elements of the atmospheric system, includ-
ing changes in temperature, precipitation, and seasonal events (Table 1.2). In what follows, we 
describe ten observations of climate change reported by Hutsuls and corresponding trends detected 
by the meteorological station of Selyatin. We then discuss the level of similarity between data from 
the two sources.

Changes in temperature

We documented six different observations referring to changes in temperature. The six observa-
tions referred either to warmer weather, temperature fluctuations, or more frequent occurrences of 
extreme temperatures than in the past (see Table 1.2).

Extreme hot temperatures were reported to occur during longer summer periods than in the past. 
One informant mentioned that “Before, there were not such hot temperatures [during summer]” 
(interview with an Hutsul elder, July 2019). Two out of three FGD agreed on this observation. 

Table 1.1  �(Continued)
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This observation also partially matches with instrumental data, as the meteorological station of 
Selyatin recorded that the number of days with temperatures above 25.4°C is increasing (Figure 
1.2A). For instance, if we compare the first (1961–1980) and the last two decades of analysis 
(2000–2019), we observe an increase of 0.4°C (from 27°C to 27.4°C) in the average temperature of 
the hot days. We also observe an increase in the number of days characterized by extreme tempera-
ture, from 279 days during the 1961–1980 period to 419 days during the 2000–2019 period (+33%).

Despite the overall trend, the last decade is characterized by alternating hot summers with few 
days with temperatures above 25.4°C. For instance, in 2012 and 2015, the meteorological station 
recorded 35 and 33 days, respectively, with a temperature above 25.4°C, while in 2014, only three 
days with temperatures in that range were recorded. In 2018 no day with a temperature above 
25.4°C was recorded.

A commonly mentioned change, validated in two of three FGD, was the general temperature 
increase during winter. In informants’ words: “Winters are milder”. The Hutsuls call “winter” the 
period of the year when the ground is covered by snow. Typically, winter was considered to start in 
November and end in late March or early April (although snowfall can occur from the beginning 
of October to late April). Informants reported that winters were more rigid in the past, with frost-
ing for several months. The trend of wilder winters reported by Hutsuls corresponds with the trend 
found when analyzing instrumental data. Thus, according to data from the meteorological sta-
tion, during the period 1961–2019, there was a temperature increase of 2°C during the months of 
November–March (being 1961–1970 and 2010–2019 avg winter temperatures respectively equal 
to −3.9 and −1.9°C). The increase has been more remarkable since the 1990s (Figure 1.2B), with 
unusually warmer winters in 2019 and 2014.

Hutsuls also mentioned that, although winters are generally milder, there are also some peaks 
of unusually cold temperatures with some extremely cold winter days, even colder than in the past. 
Despite these observations, the analysis of instrumental data reveals that extremely low tempera-
tures in winter are not as common as in the past. For instance, in the last decade (2010–2019), there 

Table 1.2 � Observations of change in elements of the atmospheric system reported by Hutsuls, level of agree-
ment in Focus Group Discussion (FGD), and matching with records from Selyatin meteorological 
station

Subsystem Local observationa FGD 
agreementb

Matching with 
instrumental recordings

Temperature Before there was not such a hot temperature. 2/3 Yes
Winters are milder; there are no cold winters 

anymore.
2/3 Yes

Winter can be colder [than it used to be] 3/3 No
Temperature changes abruptly 3/3 No
Temperature is more extreme 3/3 Partial
Some days are too cold, some days are too hot 3/3 Yes

Precipitation It snows less 3/3 N.D.
It rains more often 3/3 N.D.

Seasonal 
events

Seasons do not exist anymore; now there only two 
seasons

3/3 Yes

Spring comes earlier 1/3 Yes
a  Local observation refers to the textual observation reported by Hutsuls.
b  FGD: Focus group discussion carried out with Hutsuls.
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Figure 1.2 � Changes in temperature during the period 1961–2019, derived from instrumental data. (A) Num-
ber of days/year with extremely high temperatures. (B) Average temperature during winter. (C) 
Number of days with extremely low temperatures.

Figure 1.3 � Changes in temperature during the period 1961–2019, derived from instrumental data. (A) Num-
ber of days with extreme temperature per decade. (B) Number of months with extreme average 
monthly temperature per decade. (C) Number of months with unusual temperature. See Table 
1.1  for definitions.
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were 137 fewer days (about 85%) characterized by temperature below −16.6°C than in the period 
1961–1970 (Figure 1.2C).

All FGD agreed on the observation that temperature changes more abruptly now than in the 
past. This observation is relevant because it affects Hutsuls’ ability to forecast weather. In their 
own words: “The weather is becoming increasingly strange”. This observation matches with re-
sults of the analysis of instrumental data, which show an increase in extremely hot days after the 
1961–1979 period and a decrease in extremely cold days during the 2010–2019 period, which has 
been also unusual in relation to the low number of extremely hot days (Figure 1.3A).

Another change mentioned by Hutsuls during semi-structured interviews, and validated by all 
FGD, was that nowadays extremely hot and extremely cold days are more frequent than in the 
past. In their own words: “Temperature is now more extreme”. The analysis of instrumental data 
suggests that the last decade (2010–2019) has the lowest number of days with extremely cold tem-
peratures (n = 41) recorded during the period. Indeed, instrumental data suggest that the last decade 
has experienced the lowest number of days with extreme temperatures since the 1960–1969 dec-
ade (Figure 1.3B). The 1990–1999 decade had the highest number of extremely hot days (n = 273).  
We consider that there is a partial overlap between Hutsul reports and instrumental records. In-
deed, on the longer term (e.g. for older Hutsul participants) this represents an increasing trend of 
the number of days with extreme temperatures compared to the period before 1990.

In the same line, Hutsuls also reported that “Sometimes is too cold and sometimes is too hot”, 
an observation that matches Hutsul’s collective memory regarding the weather and the perception 
of the current climate. All FGD agreed on this observation. By this observation, the analysis of 
monthly temperature trends for the period 1961–2019 reveals a decadal increase in the number 
of months characterized by unusual temperatures (Figure 1.3C). Overall, instrumental data shows 
that the decade 2010–2019 registered the highest number of months with unusual temperatures 
within our temporal series (n = 18).

Precipitation

Hutsuls reported two observations regarding changes in precipitation, one referring to snowfall and 
the other to rainfall. Hutsuls reported that snowfall is less abundant than it used to be, an observation 
that was validated in the three FGD. Although the instrumental recordings that would allow a com-
parison with this observation are incomplete, particularly in the years 2008–2019 (Figure 1.4A),  
they suggest a decreasing trend, which will be in the same line as the local observations.

Figure 1.4 � Changes in precipitation during the period 1961–2019, derived from instrumental data.  
(A) Snowfall during winter months. (B) Number of rainy days per year.



Giulia Mattalia et al.

38

Hutsuls also reported that rainfall is more frequent nowadays than in the past, an observa-
tion also agreed in the three FGD. Again, data from the meteorological station of Selyatin were 
insufficient to determine the number of rainy days during the period 2010–2019 as data from the 
years 2013, 2016, 2017, and 2018 were not complete. However, the general trend seems to be 
decreasing, although the number of rainy days appears to be increasingly variable since the 1990s  
(Figure 1.4B).

Seasonal events

During semi-structured interviews, Hutsuls reported two main changes in seasonal events, namely 
that seasons, as they used to distinguish them, do not exist anymore and that spring comes earlier 
now than in the past.

During interviews, respondents mentioned that “Seasons do not exist anymore”. Other people 
said that “Now, there are only two seasons”, referring to the difference between summer and win-
ter, and implying that the seasons shift abruptly between these two, with spring and autumn not 
being well-defined anymore. The three FGD agreed on this observation, which also seems to be 
in consonance with changes in temperature and precipitation documented through instrumental 
recordings. As mentioned, instrumental data show that winter temperature (avg T −3°C) is increas-
ing and that snow precipitations are decreasing (Figure 1.5A). In the dataset analyzed, 2011 was 
characterized by the driest winter since 1961.

Spring average temperature (7.8°C) was relatively stable over the period 1961–2019, although 
precipitations experienced a slightly increasing trend. Spring precipitation presented an unusual peak 
in 2012, corresponding to the heavy rains recorded on May 27th, which resulted in 968 mm of rain 
in 12 hours (Figure 1.5B). Summer trends (avg T 14.6°C) indicate a slight increase in temperatures, 

Figure 1.5 � Seasonal trends of temperature T (°C) and precipitation PP (mm) recorded by the Selyatin me-
teorological station during the period 1961–2019.  Each year is represented with a point in the 
graph corresponding to the monthly average seasonal temperature (lower blue lines) and precipi-
tation sum (upper orange lines).
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with the summer of 2012 characterized by an exceptionally hot temperature and a severe decline 
in summer precipitations (Figure 1.5C). Autumn trends (avg T 8.1°C) show slightly increasing 
temperatures and decreasing rainfall, thus resembling more to summer trends (Figure 1.5D).  
Beyond general trends, in the last decade, the meteorological station of Selyatin recorded three un-
usual warm seasons (2012, 2018, 2019). Thus, changes in the main characteristics of each season 
detected by the closest meteorological station are in line with Hutsuls’ observations that seasons 
are now blurred and sometimes hard to be distinguished. For instance, winters are getting milder 
thus resembling autumns, and autumns are becoming warmer and drier, like late summers.

Informants participating in semi-structured interviews also mentioned that “Spring comes ear-
lier”, although there was a certain level of disagreement with this trend. Indeed, only participants 
in one FGD agreed on the trend and several informants mentioned that spring can come earlier or 
later than in the past, depending on the year. However, the observation overlaps with instrumental 
data, which shows an advancement of the last day of snow cover, which corresponds to the begin-
ning of spring (Figure 1.6).

Discussion

We present ten changes in elements of the atmospheric system reported by Hutsuls. Out of these, 
six showed similar trends to data gathered in the closest meteorological station, two were not 
aligned, and two could not be assessed due to gaps in instrumental data. In this discussion, we com-
ment on this comparison and discuss the potential to combine Hutsul knowledge with instrumental 
data for enriching our understanding of climate change impacts in European mountain areas.

Before discussing these results, we want to highlight two caveats that might affect them. First, 
we acknowledge that we used convenient sampling to select study participants, for which our 
sample might not be representative of the entire Hutsul population of the upper Suceava Valley. 
Second, the instrumental dataset used is not fully complete (especially concerning precipitation), 
limiting our ability to make comparisons.

Climate change impacts reported by Hutsuls resemble those reported by other mountain 
communities

Figure 1.6 � Latest day of snow cover according to the Selyatin meteorological station. Day 100 corresponds 
to April 9th.
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The first important finding of this work is that changes reported by Hutsuls (e.g., warmer tem-
peratures, precipitation decrease, changes in seasonal events) have also been observed in other 
mountain areas of the world (see, for instance, Babai 2024; Fuchs et al. 2024; Garcia-del-Amo 
2024). For example, Cuni-Sanchez et al. (2018) in Kenya and Pandey (2019) in Nepal find a general 
increase in the mean temperature and a decrease in rainfall, and farmers in Himalayan and South 
African highlands mountain report an increase in winter temperature (Basannagari and Kala 2013; 
Rankoana 2016; Sujakhu et al. 2016). Increased frequency of cold and hot temperatures was also 
found among farmers in the Ecuadorian Andes (Córdova et al. 2019; Postigo 2014), although sev-
eral other studies only report an increase in extreme heat – but not cold – events (e.g., Meena et al. 
2019). As Hutsuls, Ethiopian mountain cereal farmers, Pakistani yak and goat herders, and Mexican 
horticulturalists have also noticed unusual hot temperatures (Joshi et al. 2013; Kassie et al. 2013;  
Sánchez-Cortés & Chavero 2011). Changes in precipitation have also been mentioned by subsist-
ence Himalayan and Andean farmers (Gurgiser et al. 2016; Joshi et al. 2019). Changes in season-
ality have been reported by potato growers in Bolivia and by mixed farmers in India (Boillat & 
Berkes, 2013; Meena et al. 2019).

We derive an important insight from such similarities. Climate change might result in similar 
impacts across mountain ecosystems of the Earth. These impacts seem to be generally character-
ized by increased temperatures and decreased precipitations. This is in line with the ideas that 
mountains are particularly affected by climate change impacts (Schirpke et  al. 2019) and calls 
for urgent management strategies (Chakraborty 2021; Li et al. 2022; Lurgi et al. 2012). Consid-
ering the high climatic variability and instrumental data paucity in mountain areas, the changes 
perceived by local populations can inform the development of resource managers on tailoring 
management strategies to face the current climatic crisis. 

Local climate change impacts reported by Hutsuls mostly align with 
instrumental data

The second main finding of this work refers to the general match between Hutsuls’ reports of 
changes in elements of the atmospheric system and reports from data from the meteorological 
station. Six out of eight observations of climate change impacts reported by Hutsuls are similar to 
those recorded by the meteorological station of Selyatin. Moreover, Hutsuls’ observations of ex-
treme temperatures are also in line with findings from several studies analyzing instrumental data 
in the Carpathian Mountains (Bartholy & Pongrácz 2007; Birsan et al. 2019; Spinoni et al. 2015). 
This match reinforces the idea that communities depending on nature are particularly prone to 
perceive the impacts of climate change, and thus provide essential knowledge, particularly in con-
text where no other data sources are available (e.g., Gentle & Maraseni 2012; Pearce et al. 2012; 
Shukla et al. 2019). Instrumental recordings can provide precise and frequent data on temperature 
and precipitation for long periods. However, they are potentially subject to data gaps, such as those 
derived from technical or human errors, or breakage of instruments due to weather conditions or 
wild fauna and flora interactions. For example, in the Selyatin station there were gaps concerning 
rainfall amount and, in a couple of cases, also concerning temperature. While we do not know the 
exact reasons for these data gaps, the case exemplifies the importance of finding alternative data 
sources in mountain regions.

It is interesting to notice that while Hutsuls’ reports of increased incidence of unusual hot pe-
riods, milder winters, and decreased snowfall amount are aligned with scientific observations and 
projections (Birsan et al. 2014; Micu 2009), the reports of an increase in extremely cold events dif-
fer with scientific records, which show a robust reduction of such events (Birsan et al. 2014). We 
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can think of several explanations for this mismatch. For example, the average annual temperature 
rise may have affected the overall perception of extreme “cold” temperatures. Another possible 
reason for the mismatch could be the different scales and sensibility of the two knowledge sys-
tems. Considering Hutsuls’ main activity (mixed farming), they may be more sensitive to the cli-
mate in certain periods of the year. Thus, it is possible that Hutsuls particularly noticed an increase 
in the frequency of the rains during spring and summer, which are crucial for haymaking, which 
would contrast with instrumental data that records an overall decrease in rainy days on a monthly 
or annual basis. These local reports are crucial as climate policies are often planned at national 
and global scales, neglecting the peculiarity of specific areas and particularly the heterogeneity of 
mountain regions.

Conclusions

We found several instances of overlap between Hutsuls’ reports of climatic changes and meteoro-
logical records, particularly concerning changes in temperature and seasonal events. This overlap 
supports the idea that different knowledge systems bring synergic insights to our understanding of 
local climate change impacts for which considering insights of both knowledge systems could lead 
to better contextualized, and potentially more efficient, climate adaptation plans. Following previ-
ous work on the topic, we propose a blended approach, combining both data from meteorologi-
cal stations and mountain communities’ reports of climate change as the basis for co-developing 
climate policies.
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LOCAL OBSERVATIONS OF 

CLIMATE CHANGE AND 
IMPACTS ON LIVELIHOODS  

IN KAMCHATKA, RUSSIA
Drew Gerkey and Victoria N. Sharakhmatova

Introduction

Indigenous communities throughout the Arctic are confronting unprecedented challenges arising 
from anthropogenic climate change. Although climate change is evident throughout the globe, the 
pace of change in the Arctic has been much faster. Surface temperatures have risen twice as fast in 
the Arctic, relative to lower latitudes, a phenomenon known as “Arctic amplification” (Previdi et al  
2021). Rising temperatures interact with other components of climatic and biological systems at 
both local and global scales in complex ways, bringing profound changes in sea ice, snow, rain, 
permafrost, wildfire, extreme weather, erosion, and phenology to the Arctic (Druckenmiller et al 
2022). Recent climate model simulations suggest these extreme changes in climatic and biological 
systems will become routine, with a “new Arctic” climate emerging during the remaining decades 
of the 21st century (Landrum & Holland 2020). This “new Arctic” will continue to alter interac-
tions between people and their environments, linking the impacts of climate change with ongo-
ing social dynamics of colonialism and Indigenous resurgence to create a “total environment of 
change” for Arctic communities (Moerlein & Carothers 2012).

Despite increasing investments in scientific research on climate change, our ability to under-
stand the changes that are occurring now, predict the changes that will unfold in the future, and 
anticipate the impacts these changes will have on Arctic social-ecological systems remains lim-
ited. Challenges include temporal and spatial gaps in instrumental and proxy data on climatic 
and biological systems, as well as theoretical and methodological obstacles that obscure links 
within social-ecological systems. Expanding efforts to document local observations of climate 
change and its impacts can help address these challenges (Reyes-García et al 2020). Collabora-
tions between social scientists and communities can generate unique, insightful data on changes 
in climatic and biological systems, as well as their interactions with human systems at temporal 
and spatial scales that match the impacts of climate change on communities, supporting efforts for 
mitigation and adaptation. This approach draws on a strong foundation of Indigenous and local 
knowledge, developed through generations of accumulated individual and collective experience 
via livelihoods that are inextricably linked to social-ecological systems.

This chapter has been made available under a CC-BY-NC-ND license.
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Efforts to integrate insights on climate change manifestations and impacts from Indigenous 
and local knowledge with insights from scholars working in the social and natural sciences are 
ongoing throughout the Arctic (Alessa et al 2015; Fienup-Riordan & Rearden 2013; Gearheard 
et al 2017; Jungsberg & Wendt-Lucas 2024; Krupnik & Jolly 2002; Marino 2015). Similar col-
laborations between social scientists and communities in Siberia are relatively less common 
than in other parts of the Arctic, with some notable exceptions (Alessa et al 2015; Crate 2022; 
Forbes et al 2009). Research that brings together Indigenous and local knowledge with scientific 
research in Siberia is particularly important, considering the geographic scope, demographic 
base, and cultural diversity in this part of the Arctic. Over half of the Arctic coastline and half 
of terrestrial lands are located in Siberia, along with nearly three-quarters of the Arctic’s human 
population, including 40 distinct Indigenous peoples (Glomsrød & Wei 2021). The geographic, 
demographic, and socio-cultural prominence of Siberia in the Arctic exists alongside the unique, 
unprecedented changes in Siberia’s climate relative to the rest of the Arctic (Hantemirov et al 
2022), highlighting the importance of this region for research on observations and impacts of 
climate change.

The research featured in this chapter is a modest contribution to this effort, featuring local ob-
servations of climate change and its impacts on a predominantly Indigenous community in North-
eastern Siberia, Russia. Data were collected as part of the Local Indicators of Climate Change 
Impacts project (LICCI), using a common protocol (Reyes-Garcia et al 2023). Specifically, we 
used semi-structured interviews and focus groups to document local reports of social and environ-
ment change, identify their impacts on people’s lives, and discuss the strategies people use to adapt 
to these changes.

Case study

We conducted our research in Khailino, a predominantly Indigenous community of about 600 people, 
located in the northern part of the Kamchatka Peninsula in Northeast Siberia, Russia. The community 
lies along the Tylovayam River (also known as the Tylgovayam), near its confluence with the Vyvenka 
River, a major watershed that flows into the Pacific Ocean. The landscape surrounding the community 
includes a mix of tundra and taiga, with mountains running along both sides of the watershed. The area 
has a subarctic climate, with long, cold winters and short, warm to cool summers, and is coded “Dfc” 
in the Köppen-Geiger climate classification system (Beck et al 2018).

Khailino’s Indigenous inhabitants include Koryak, Chukchi, and Even peoples, whose tradi-
tional livelihoods focus primarily on reindeer herding, but also include fishing, hunting, and for-
aging. Along with reindeer, salmon represent a second keystone in traditional livelihoods, with 
abundant summer harvests providing a substantial source of food and income that lasts throughout 
the year. Since the arrival of non-Indigenous settlers from Russia and other parts of the former So-
viet Union, people in Khailino have also come to rely on crops of potatoes and vegetables, which 
grow during the short, light-intensive summer season, and provide food for the rest of the year. Ac-
cordingly, most Indigenous and non-Indigenous residents of Khailino today have livelihoods based 
on a mixed cash-subsistence economy. Households combine income from wage labor, pensions, 
and the informal cash economy with food produced through fishing, hunting, herding, foraging, and 
gardening (Gerkey 2010).
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Khailino is part of the Oliutorskii Raion, a district that encompasses the Northeastern part of the 
peninsula with an administrative center in Tilichiki, a coastal town located about 70 km away. The 
Oliutorskii Raion is part of the Kamchatka Krai, a subject of the Russian Federation whose regional 
capital, Petropavlovsk-Kamchatskii, is located about 1,000 km to the South and is home to about 69% 
of the peninsula’s total population. The concentration of settlements in and around the regional capital, 
combined with the large size of the peninsula, results in very low population densities in Kamchatka, 
especially in the northern regions, where Khailino is located.

The village of Khailino was founded in 1932, as part of the Soviet government’s effort to colonize 
Siberia and the Far East. Indigenous Koryak, Chukchi, and Even communities whose traditional ter-
ritories include present-day Khailino were encouraged to settle in the village through a combination of 
collaboration and coercion, following processes of settler colonialism that had been enacted elsewhere 
in Siberia (Slezkine 1994). Some of the most dramatic changes for Khailino’s Indigenous communities 
arose during the period of collectivization in the 1930s and 1940s (Antropova 1971; Bilibin 1933), 
when reindeer herding, salmon fishing, and hunting were integrated with the Soviet economy through 
the formation of state farms (sovkhoz, singular) and collective farms (kolkhoz, singular). Prior to col-
lectivization, Indigenous communities were composed of extended family units (obshchina, singular) 
that migrated throughout their territories according to seasonal rounds linked to subsistence activities 
(Jochelson 1908). After collectivization, most people began to live in the village, allowing children 
to enroll in school and adults to work in jobs associated with the village economy, public works, and 
administration. Many adults remained employed in reindeer herding through the sovkhoz, which in-
cluded 10–12 “brigades” of herders, each responsible for managing 1,000–2,000 reindeer, which were 
almost entirely government property. During this period, total herd sizes in Khailino increased to as 
many as 15,600 reindeer, which represented about 43% of all the domestic reindeer in the Oliutorskii 
Raion from 1975 to 1985 (Korchmit 2001). People in Khailino recall this period fondly as a time when 
herding was one of the most respected, well-compensated professions in the village and served as a 
cultural and economic foundation for the community.

After nearly six decades of collectivization, the collapse of the Soviet economy in the 1990s initi-
ated a long period of chaos and uncertainty (King 2003). Although many state farms throughout Si-
beria were privatized or liquidated entirely, Khailino’s sovkhoz continued as a government enterprise, 
managed primarily through coordination between local and regional governments in Kamchatka. 
However, access to government subsidies and resources was severely disrupted during this period, 
playing a key role in dramatic declines in herd sizes. By 2008, there were two “brigades” of herd-
ers working for the sovkhoz under the auspices of a regional government organization called “Ko-
ryakolenprom,” with a total herd size that fluctuated between 2,000 and 3,000 reindeer. By this time, 
Koryakolenprom also managed reindeer herds in four other communities in the Oliutorskii Raion and 
neighboring Penzhinskii Raion, with about 13,400 reindeer in Oliutorskii Raion. Although the number 
of reindeer in the region has increased to 15,500 by 2021 (Kalitin 2021), herd sizes are still less than 
half what they were in the 1980s, prior to the collapse of the Soviet economy. Following the declines 
in reindeer herding, salmon fishing has become central in people’s livelihoods in the post-Soviet era. In 
addition to providing food that can be consumed all summer and preserved to last year-round, salmon 
also provide limited income through the sale of caviar made from salmon roe. However, the reliance 
on salmon caviar for income has also created social and environmental challenges, including poaching 
and conflicts over territories and quotas (Gerkey 2011, 2016; Sharakhmatova 2012).
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Research design and methods

The research presented here builds on previous research conducted separately by both Gerkey 
and Sharakhmatova, dating back to 2007. Gerkey has been studying the social and ecological 
dynamics of Khailino’s mixed cash-subsistence economy, focusing on Indigenous knowledge and 
cultural practices, post-Soviet institutions, and networks of social support through the lens of 
cooperation and collective action. During multiple research trips between 2007 and 2019, Gerkey 
gathered data through a combination of participant observation, interviews, surveys, and behav-
ioral economics. This research provides a foundation for understanding contemporary livelihoods 
in Khailino and how they are associated with the observations and impacts of climate change we 
report in this chapter.

Sharakhmatova has also previously conducted research in Khailino, including a 2010 project 
that used semi-structured interviews and surveys to document observations of climate change from 
153 people living throughout Kamchatka, including participants from Khailino. Sharakhmatova 
(2011) found that 82% of survey participants have observed changes in weather and climate condi-
tions in places where they practice traditional subsistence activities and that 50% of respondents 
have shifted locations for these activities in response. Sharakhmatova’s analysis of the direct and 
indirect impacts of climate change on traditional subsistence activities throughout Kamchatka sup-
ported recommendations to create a monitoring network that would involve Indigenous communi-
ties in gathering observations about climate change and its impacts on reindeer herding, fishing, 
hunting, gathering, and other traditional subsistence activities (Sharakhmatova 2014).

Following the protocol for the LICCI project (Reyes-García et al 2023), Gerkey and Shara-
khmatova worked together to design a sampling strategy, assemble a timeline of significant histori-
cal events, and outline key aspects of local livelihoods to ensure participants in our study reflected 
variation in the lived experiences and perspectives of people in Khailino. Once Gerkey obtained 
human subjects research approval from the Oregon State University Institutional Review Board 
(#2021-1163), our data collection proceeded in two steps. First, Sharakhmatova conducted semi-
structured interviews with 15 people identified as particularly experienced and knowledgeable, 
either from our previous research in the community or based on recommendations from our local 
research assistant (Table 2.1). To ensure the data we gathered reflected different perspectives in the 
community, we chose participants based on their economic livelihoods, age, and gender. Second, 
Sharakhmatova conducted two focus groups with eight participants each, including four people 
who participated in semi-structured interviews and four who did not (Table 2.1). We used these 
focus groups to refine our understanding of local observations of climate change from the inter-
views. Specifically, we developed a list of changes identified by interview participants, presented 
these to the focus group, one at a time, for discussion, and assessed levels of consensus regarding 
the types of change that are occurring, the timing of these changes, their impacts on people, and 
the adaptive strategies people are using in response. These discussions also explored potential 
drivers underlying changes and suggested possible links to changes across physical, biological, 
and human systems. Together, these two steps were intended to ensure that we document the range 
of knowledge and experience that different people in the community have about climate change, 
while also identifying variation in consensus within the community about how, when, and why 
these changes are occurring.

In the sections that follow, we present our results, starting with observations of change identi-
fied during the interviews and focus groups, followed by people’s explanations for how these 
changes are impacting their livelihoods, and strategies they have begun developing to adapt.
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Table 2.1 � Demographic and socio-economic background of participants in semi-structured interviews and focus groups in Khailino, Russia

Interview Focus 
group

Gender Age Ethnic group Work Salmon 
fishing

Reindeer 
herding

Hunting Gathering Winter 
fishing

Gardening

X X Woman 48 Koryak Education, Artist X X X X
X Man 70 Even Pensioner X X X
X Man 54 Nymylan Unemployed X X X X X
X Woman 44 Chukchi Education X X X
X X Woman 72 Layrovetlan Reindeer herder (retired) X X X X X
X Woman 61 Koryak Childcare X X X X
X Man 62 Chukchi Construction X X X X
X Woman 64 Chukchi Pensioner X X X X X
X Man 39 Non-indigenous Transportation technician X X X X
X Woman 34 Non-indigenous Veterinarian X
X X Woman 61 Chukchi Pensioner X X X X
X X Woman 48 Koryak Education X X
X Man 60 Koryak Dog-sled musher X X X X
X Man 50 Koryak Entrepreneur X X X
X Man 48 Koryak Public works X X X X X

X Woman 58 Koryak Education X X X
X Woman 36 Chukchi Secretary X X X
X Woman 62 Even Education X X X
X Woman 59 Non-indigenous Education X X
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Local observations of climate change

Through our semi-structured interviews, we documented observations of change in physical, bio-
logical, and human systems, including many reportedly driven by climate change. We summarize 
these observations by coding observed changes based on their similarity across interviews, noting 
the number of people who reported each type of change, and the level of consensus from focus 
group discussions (Table 2.2). We limit our description and analysis to the most frequently ob-
served changes with connections to climate change and the highest levels of consensus.

Warmer temperatures, less snow, softer snow in winter

A clear consensus emerged from our interviews and focus groups that winters in Khailino are 
warmer and with less snow than in the past. Multiple people linked warmer temperatures to the 
seasonal transition between fall and winter, specifically the time when the large rivers surrounding 
the village freeze and become safe for travel by snowmachines, dog sleds, sport-utility vehicles, 
and heavy machinery, including freight trucks and all-terrain, tracked vehicles that provide the 
village with coal, groceries, and other supplies. Typically, rivers are frozen by mid to late October 
and remain so until spring, but recently people noted that ice can remain unstable into November, 
sometimes freezing sufficiently to allow travel for a few weeks, only to thaw again, making travel 
unsafe and unreliable. Warmer temperatures also change the quality of the snow, with a consensus 
emerging from our focus groups that snow has become much softer, which also makes transporta-
tion more difficult, particularly for smaller, personal vehicles like snowmachines.

Participants in interviews and focus groups have also noticed fewer strong blizzards and ex-
treme cold events. The Kamchatka Peninsula is surrounded by the Sea of Okhotsk to the West and 
the North Pacific Ocean to the East, generating cyclones throughout winter, during which large 
amounts of snow fall continuously for several days and strong winds create large snowdrifts. One 
Indigenous Koryak woman in her 50s, who was born in Khailino and has lived there most of her 

Table 2.2 � List of observations of change from semi-structured interviews and focus groups, sorted by 
level of agreement developed during focus group discussions and the number of people who 
observed the change (frequency)

Observed change Description Frequency Focus group 
agreement

Increase in frequency of problems 
with transportation

Winter road established earlier, but 
thaws during winter. It is more 
difficult to get on the winter road 
in the off-season. Often in winter, 
the road is bad.

19 Full agreement

Decrease in the amount of snowfall There is less snow in winter 11 Full agreement
Decrease in ice stability/resistance The river freezes and then thaws and 

then freezes
10 Full agreement

Decrease in the speed of ice melting 
or break-up

There is practically no ice break-up. 
The ice just melts and disappears

10 Full agreement

Later timing of ice formation The river freezes later 10 Full agreement

(Continued )
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Table 2.2  (Continued)

Observed change Description Frequency Focus group 
agreement

Earlier crop harvesting time Harvest potatoes earlier 7 Full agreement
Decrease in freshwater transparency/

increase in concentration of 
dissolved particles

The river is silting up 7 Full agreement

Increase in the frequency of freeze 
events

Frosts appear earlier in fall/late 
summer, unpredictable

7 Full agreement

Earlier timing of ice melting or 
break-up; increased variation in 
ice melting or breaking patterns in 
lakes or rivers

Ice break-up time has changed 7 Full agreement

Increase in frequency of problems 
with transportation

Soft snow interferes with 
snowmachines

5 Full agreement

Increase in the amount of rainfall in 
winter

It rains in the winter months 5 Full agreement

Softer physical structure and texture 
of snow

Snow is softer in warmer weather 5 Full agreement

Decrease in the frequency of frost 
days

Fewer hard frost in winter 4 Full agreement

Decrease in the frequency of cold 
days

Less cold days in winter time 11 Agreement 
after debate

Increased variation in the location of 
river bank erosion

The river changes its course, erodes 
the river bank on fishing grounds

10 Agreement 
after debate

Increase in the amount of rainfall in 
summer

Rainier August 6 No agreement 
after debate

Increase in wildfire frequency There are more fires 6 No agreement 
after debate

Decrease in the mean temperature in 
summer

Summer temperature is colder 6 No agreement 
after debate

Reduced productivity of wild plants 
and fungi

There are fewer mushrooms and 
berries in the vicinity of the 
village. We have to move farther 
away from the village

4 No agreement 
after debate

Increased difficulties for domestic 
animal ability to forage due to 
environmental/climatic conditions

Difficult for the reindeer to forage 2 Not discussed

Decreased temperature of river 
water

Water temperature in river is colder 
in summer

2 Not discussed

Increase in wind strength or speed Winds are stronger than before 2 Not discussed
Decrease in social and economic 

viability of traditional livelihoods
The profession of reindeer herder 

has ceased to be prestigious
10 Not discussed

Decrease in levels of water in lakes 
and ponds

A lake dried up not far from the 
village

5 Not discussed

Changes in the physical structure 
and texture of snow

Tundra ice-crusted in winter 2 Not discussed

Declines in abundance of fish There are less Chinook salmon 
(Oncorhynchus tshawytscha or 
“chavycha”)

1 Not discussed
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life, explained “We used to have very strong blizzards, with snow up to the second floor of our 
buildings, but now it doesn’t happen often” (personal interview, November 11, 2021). Although 
the proximity to the ocean keeps temperatures higher in Kamchatka than in other parts of Sibe-
ria, inland communities like Khailino typically experience multiple extreme cold events where 
temperatures drop as low as −40 degrees C. While such events do still occur, participants in our 
interviews and focus groups suggest that these extreme cold events are less frequent in recent years 
than they used to be in the past.

Another indicator of warmer temperatures and less snow in winter is an increase in rain during 
winter months. As one of the people we interviewed explained, “I don’t even remember in the past 
when we had rain in winter. Elders say it was very rare, and now we have rain every year. Two 
years ago, we had rain every month, even in winter!” (personal interview, November 9, 2021). 
Similarly, the participants in one of our focus groups mentioned that they celebrated the 2021 
New Year holiday with a mix of snow and rain, which they considered quite atypical for that time 
of year. This combination of snow and rain has also apparently resulted in an increase in “rain-
on-snow” events, where rain falls on a bed of snow, followed by lower temperatures that freeze 
the rain, leaving a hard crust of snow that poses particular problems for reindeer trying to feed on 
lichen below the snow.

Seasonal transitions and spring river ice

In addition to changes in seasonal transitions from fall to winter, about half of the participants in 
our interviews reported that the conditions of river ice have been changing during the transition 
from winter to spring. In the past, as temperatures began to rise in late winter and early spring, 
river ice would start to break up, then, in about a week or two, large chunks of ice would flow 
downstream, leaving the river mostly clear of ice. Although the timing of this event varied from 
one year to the next, the rapid break-up and departure of river ice was a prominent marker of the 
onset of spring (Figure 2.1). Recently, however, people have noticed that the river ice simply 
melts in the river, leaving fewer large chunks of ice to float downstream. Both of our focus groups 
discussed this observed change extensively. People in one group suggested that in the 1980s and 
1990s, the break-up period lasted as little as three to four days, while in recent years, it is hard to 
even pinpoint a specific time because the ice gradually disappears into the river. Our second focus 
group made similar observations, discussing the increased variability in the timing of seasonal 
transitions from one year to the next, including large differences between 2020 and 2021 alone.

Individual interviews echoed these observations. One adult man in his 40s, a Russian who was 
born in Khailino and has lived there his entire life, recalled that during his childhood ice break-ups 
usually occurred in late May or early June, but now the timing is closer to early May. As an active 
fisher and hunter who travels frequently beyond the village, he explained that ice was typically 
strong in April and could even be safe in May if one was careful. In other words, as explained, 
“April was winter!” (personal interview, November 9, 2021). His assessment was confirmed in the 
first focus group, which noted that in recent years the snow has mostly disappeared during the first 
week of May and the ground has been sufficiently warm and dry that people have begun planting 
their gardens. People in that focus group also recalled that in the past there was sufficient snow to 
use dog sleds up to June.

More than half of the participants in our interviews suggested that levels of erosion along river 
banks have been increasing in recent years, though there was some disagreement about this obser-
vation during our focus group discussions. We never arrived at a consensus about the drivers of 
increased erosion, whether due to changes in summer precipitation, spring river ice break-up, or 
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some other aspect of weather in winter and spring. However, there was a general consensus that 
levels of silt in the river are increasing as a result of erosion.

Unpredictable summers (temperature, precipitation)

Increased variability in weather during summer was also noted by multiple participants in our 
interviews and confirmed during our focus groups. People have observed more frequent freeze 
events in late summer than in years past, particularly in August. While these temperatures are not 
sufficiently low to speed up the formation of ice on rivers, they do disrupt subsistence food produc-
tion via fishing and gardening at a crucial time. Their unpredictability is particularly challenging 
because summer temperatures are typical in some years, while in others freezing events arise just 
as people are finishing preparing fish and harvesting their gardens.

The increased variability in summer weather may have made it more difficult to arrive at con-
sensus about the changes people are observing during this season. About a third of the people in 
our interviews reported that summer temperatures have been colder and wetter than in the past, 
especially in August. Similarly, a third also suggested that wildfires have increased in summer and 
that the productivity of berries and mushrooms has decreased, conditions typically associated with 
warm, dry weather. However, participants in our focus groups did not agree on these changes. Our 
first focus group discussed large swings in daytime temperatures that have become more com-
mon in summer over the last four to five years, with very hot weather when it is sunny and very 
cold weather when it is cloudy. They explained that these changes are especially noticeable when 
they are working to harvest salmon at their fish camps because of the large amount of time spent 

Figure 2.1 � Khailino youth gather at the river edge during spring break-up, May 12, 2008.  Photo by Drew Gerkey.
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working outside. Perhaps, this explains the mix of observations related to warmer, drier weather 
along with observations related to colder, wetter weather that are both apparently occurring in 
summer.

Climate change impacts on livelihoods

Problems with transportation

Many of the changes people have observed in temperature, precipitation, and seasonal transitions 
from fall to winter and from winter to spring create significant problems with transportation be-
tween Khailino and Tilichiki, the administrative center. Although helicopter flights are available 
to and from Khailino year-round, these flights are expensive, frequently disrupted by inclem-
ent weather, and limited to transporting people and small amounts of personal belongings, rather 
than heavy freight. Most of the groceries and supplies the village relies upon arrive via ground- 
transportation, where there are several modes that depend on the season and weather conditions.

In winter, spring, and fall, the only vehicle that can reliably transport people and freight to and 
from Khailino is a large, tank-like all-terrain vehicle called a “vezdekhod.” A vezdekhod is capa-
ble of floating across large rivers, crossing soft, boggy expanses of tundra, and pushing through 
thick stands of brush, though progress is often slow and difficult. In winter, a vezdekhod becomes 
a more effective mode of transportation, moving quickly on both un-groomed expanses of snow 
and established winter roads. While the primary cargo is typically groceries and other supplies for 
village stores, people also frequently travel via vezdekhod, either riding inside the cargo hold or 
outside on the roof. Although the trip takes longer and is less comfortable than flying by helicopter, 
the increased frequency and affordability of trips make a vezdekhod a useful option for passengers 
(Figure 2.2). However, because the priority is always freight and space for passengers is limited, 
people may struggle to find a vezdekhod for days or weeks at a time. Alternatives expand consid-
erably in winter, once temperatures are cold enough to freeze the large rivers and establish a solid 
base of ice and snow for the winter road between Khailino and Tilichiki. Once the winter road is 
formed, large freight trucks begin to transport coal for the village’s centralized heating system, 
while large-wheeled buses run scheduled trips for passengers between the two villages. Although 
the road remains quite uneven, some people also choose to travel in personal sport-utility vehicles, 
though these trips can be slow and challenging when conditions are not ideal. Finally, with suf-
ficient snow and good weather, people may travel by snowmachine in winter.

Altogether, the multiple modes of transportation available during winter greatly enhance peo-
ple’s ability to travel beyond Khailino, which is increasingly important for a variety of reasons. 
Khailino has limited banking, internet, and cell phone services, and no hospital, so people often 
travel to Tilichiki to access these services. Moreover, as the administrative center, people some-
times need to travel to Tilichiki to complete bureaucratic and legal tasks. Finally, Tilichiki is the 
gateway to air travel to the regional capital, Petropavlovsk-Kamchatskii, where people frequently 
travel to visit relatives, pursue higher education, seek employment opportunities, or fly to other 
regions of Russia and beyond.

Changes in temperature and precipitation during the seasonal transition from fall to winter and 
from winter to spring disrupt ground transportation in several ways. First, the increases in time 
to freeze-up in fall and break-up in spring make travel difficult during these periods, even for a 
vezdekhod. When river ice is not sufficiently frozen to support a vezdekhod’s weight, it can be dif-
ficult, dangerous, or even impossible to complete the multiple river crossings necessary to travel 
between Khailino and Tilichiki. As a result, most vezdekhod drivers simply wait until the ice is 
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fully formed in fall or entirely clear in spring, bringing all trips to a halt in the meantime. While 
these periods without ground transportation might last a week or so in the past, it is now common 
for them to extend for several weeks, and even months at a time. Second, warmer temperatures and 
increased rain throughout winter undermine the integrity of the winter road, making it more dif-
ficult for buses and sport-utility vehicles to transport passengers. Similarly, people explained that 
softer snow also creates problems for snowmachines, clogging tracks and making progress slow, 
which requires more gasoline and increases the cost of trips. These circumstances make a vezdek-
hod the only alternative to helicopter flights. Our first focus group explained that in the previous 
year, the passenger bus was only able to complete three trips on the winter road before shutting 
down entirely in early March. In fact, these conditions disrupted our data collection for this project 
in 2021. Sharakhmatova was delayed for nearly a week in traveling from Tilichiki to Khailino by 
warm temperatures and rain that affected the formation of river ice and the winter road. The trip 
had to be postponed until mid-November.

Aside from seeking alternative forms of transportation that are less reliable, more expensive, 
or more dangerous, there is little people in Khailino can do to adapt to these difficulties in trans-
portation. People can delay their travel plans or try to build in more flexibility to account for the 
uncertainty, but either way, the result is often a substantial increase in the costs of travel outside 
the community. Some people appear to respond to these impacts by reducing their travel and 
trying to ground their livelihoods within the community, so that travel is less essential. Others 
see transportation difficulties as a reason to re-locate to Tilichiki or Petropavolvsk-Kamchatskii, 
which reduces the need to travel but can increase social and emotional stress that comes from los-
ing connections to the community.

Figure 2.2 � A vezdekhod travels back to Khailino after visiting the reindeer herds to provide supplies and 
assist with the spring corral, March 17, 2008.  Photo by Drew Gerkey.
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Problems with subsistence

Changes in winter weather—particularly increases in rain that lead to more frequent “rain-on-
snow” events—create substantial challenges for reindeer herders. During winter, reindeer use their 
disk-shaped hooves to dig through snow to reach their primary food, lichen (Figure 2.3). When 
rain falls on top of snow and then freezes with decreasing temperatures, a hard crust forms on the 
surface that is difficult for the reindeer to penetrate with their hooves. As a result, herders need 
to move the herd to new pastures, where conditions are more favorable, or provide an alternative 
food source. Migrating to new pastures costs valuable time and energy during an already difficult, 
stressful time of year for both people and animals, and herders may need to travel far to find pas-
tures unaffected by weather patterns that created the rain-on-snow event.

This impact was only mentioned by a few of the participants in our interviews and focus groups, 
but this is likely because most people involved in reindeer herding are based in the tundra with 
the reindeer herds, often located far outside the village. The two people who mentioned this in 
our interviews provide technical and administrative support to the reindeer herders, including one 
who regularly drives a vezdekhod to bring them supplies. This man, a Russian who has lived in 
Khailino his entire life, shared insights from the herders about the effects of rain-on-snow events 
on the reindeer. For example, he explained that when these events happen later in winter or early 
spring, during the calving season, pregnant female reindeer are particularly vulnerable: 

They lose a lot of mass and become weak. They need fat. When the mother is weak, she 
gives birth to weak calves, and many of them die. When we have a good winter with snow, 
the reindeer do better and sometimes give birth to twins.

(personal interview, November 9, 2021)

Figure 2.3 � Reindeer from one of Khailino’s herds forage for lichen underneath the snow, March 15, 
2008.  Photo by Drew Gerkey.
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A successful calving season, where many young reindeer survive, is critically important for the 
reindeer herders. It is one of the only ways they can maintain and increase herd sizes, which remain 
substantially smaller than they were during the height of the Soviet era, largely due to the chaotic 
collapse of the Soviet economy and the transition to a post-Soviet, market-based economic system.

The same changes in seasonal transitions and the conditions of river ice and snow that disrupt 
transportation between Khailino and Tilichiki also affect efforts to maintain supply connections 
between reindeer herders and the village. Two years prior to our interview with him, the vezdek-
hod driver explained that he and his team were delayed in traveling to the reindeer herds due to 
excessive rain. Once they finally arrived, they were not able to hold the fall corral and complete the 
annual harvest of reindeer due to rain-on-snow events that made conditions difficult. As a result, 
they were stranded with the herds for an entire month, unable to complete their work or travel back 
to the village.

Subsistence livelihoods are also disrupted by changes in weather during summer, particularly 
the earlier onset of frosts in late summer and early fall. Multiple interview respondents mentioned 
several occasions in recent years when an early frost wiped out their entire potato crop. They ex-
plained that if potatoes are not removed from the ground and stored safely before the first frost, 
they spoil. Although the timing of the first frost varies from year-to-year, people have noticed 
unexpected frost events occurring much earlier than in the past, which makes it hard for them to 
adjust the timing of their harvest accordingly. The problem is compounded by the short, intense 
duration of the growing season in Khailino, where gardens cannot be planted until late May or 
June and must be harvested in August, but can be successful due to the relatively long periods of 
summer daylight in northern latitudes.

Intersections of climate change and social change in the post-Soviet era

It is important to understand the observations and impacts of climate change described in this 
chapter in relation to ongoing forms of cultural, economic, and political change in the post-Soviet 
era. While many of the observations we documented relate to physical and biological changes 
in the environment, people’s explanations of the impacts these changes have on their ways of 
life establish clear connections with human systems, particularly transportation infrastructure and 
traditional subsistence livelihoods. Our analysis suggests that the significance of these impacts 
for people in Khailino cannot be understood fully without an appreciation for the dramatic trans-
formations that have occurred during the pre-Soviet and Soviet era, as well as ongoing tensions 
between colonialism and Indigenous resurgence in the post-Soviet era.

Disruptions to transportation infrastructure caused by increasing temperatures and rain in win-
ter, along with associated changes in seasonal transitions during fall freeze-up and spring break-up 
of river ice, negatively impact people’s ability to move beyond Khailino. Decreased mobility in 
turn affects people’s livelihoods, personal relationships, and quality of life in a variety of ways. 
Ever since the Soviet era, when Indigenous communities that previously migrated throughout the 
area were compelled to reside in permanent settlements like Khailino, transportation infrastructure 
has been essential.

Reindeer herding provides a clear example. Prior to collectivization, reindeer herds were man-
aged by extended family units (obshchina) that migrated with their herds to seasonal pastures. 
During the Soviet era, these family units were replaced by “brigades” of workers who were usu-
ally located hundreds of kilometers outside Khailino, often separated from their families. How-
ever, Soviet era investments in collective institutions like Khailino’s “Korfskii Sovkhoz” included 
regular helicopter flights and vezdekhod trips that maintained regular flows of people and supplies 



Drew Gerkey and Victoria N. Sharakhmatova

58

between the herds and the village. When the Soviet economy collapsed, the subsidies that main-
tained this transportation infrastructure diminished, reducing the frequency of trips to and from the 
herds. In the post-Soviet era, herders are often isolated from the village for months at a time, rely-
ing on a few trips a year that typically coincide with key events, like the corrals in fall and spring, 
which are important for harvesting and managing the reindeer herd. As we described above, the 
timing of these trips is often disrupted by the increasingly unpredictable environmental conditions 
that affect snow and ice. In addition to the practical and logistical impacts on reindeer herding, 
these changes also place heavy personal burdens on reindeer herders, who are forced to spend 
longer periods of time away from their family and friends back in the village.

Reduced mobility beyond Khailino also impacts people who are not directly involved in rein-
deer herding. Soviet era investments in transportation infrastructure were also sharply reduced in 
the post-Soviet era, making it more difficult and expensive to travel to the administrative center, 
Tilichiki, and beyond to the regional capital, Petropavlovsk-Kamchatskii. Interview participants 
explained that during the Soviet era, Khailino maintained a runway that could accommodate small 
airplanes as well as helicopters, increasing the number of flights to and from the village. Moreover, 
ticket subsidies during the Soviet era made these flights much more affordable. As a result, people 
became accustomed to traveling frequently outside the village to pursue professional opportunities 
or maintain personal relationships. Doing so is more difficult now, forcing people to spend more 
time and money to travel or to relocate temporarily or permanently outside the community. Per-
haps this is one factor contributing to recent declines in Khailino’s population, which also carries 
emotional weight for those who remain.

In these ways and many others, the impacts of climate change on people in Khailino are exac-
erbated by the legacies of social transformation from collectivization and colonialism during the 
Soviet and post-Soviet eras. Appreciating the complex connections between climate change and 
social change is essential for those seeking to contribute to efforts to document ongoing forms of 
climate change, anticipate future changes, and take practical steps to mitigate or adapt.
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Introduction

Climate change and climate variability are current areas of concern in small-scale fisheries glob-
ally. Understanding climate dynamics is benefitting from more and better scientific and local 
knowledge despite persistent uncertainties (Barange et  al. 2018). Improvements in marine cli-
mate change awareness and action are required in the Caribbean (Monnereau and Oxenford 2017) 
within regional climate contexts and policy (CSGM 2020). An area in which the need is most ap-
parent is the complex issue of recent large sargassum seaweed influxes.

Since 2011, massive influxes of holopelagic sargassum seaweed have inundated and been 
stranded upon the beaches of the coasts of countries in and bordering the Caribbean Sea. The 
“Great Atlantic sargassum belt” can extend over 8,000 km and convey 10–20 million tons of sea-
weed biomass (Wang et al. 2019). The floating mats of brown algae comprise mainly morphotypes 
of Sargassum fluitans and S. natans. These are not invasive alien species, but typically occurring 
Atlantic and Caribbean species now seen in atypically large quantities. In typical quantities, float-
ing sargassum mats are ecological assets providing mobile habitats harbouring high biodiversity 
and sought by commercial small-scale fisheries (Oxenford et al. 2021). Before 2011, the typical 
quantities reaching Caribbean coasts were small enough to be removed manually, if at all, not 
harming tourism or coastal transportation, and being traditionally used in household and small-
scale agriculture as fertiliser and mulch (Desrochers et al. 2020). Now, the amount of seaweed in 
the largest sargassum influxes creates a biological hazard, prompting some island states to declare 
national emergencies when their beaches and response systems are overwhelmed.

The sargassum influxes originate in the North Equatorial Recirculation Region of the tropical 
Atlantic Ocean before being transported by ocean currents north and westward into the Caribbean 
Sea with growth aided by riverine nutrients (Johnson et al. 2020) as shown in Figure 3.1. There is 
significant interannual variability in the sizes of the seaweed blooms and variability in the patterns 
of where and when sargassum makes landfall, mainly on windward coasts. Sargassum influxes 
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have been linked to climate change and climate variability, although the physical climate-related 
drivers and ecosystem mechanisms are not fully understood (Skliris et al. 2022). Even less is docu-
mented about the human dimensions of sargassum-impacted social-ecological systems, despite the 
significant intersectoral socio-economic disruptions that they cause (Fraga and Robledo 2022).

The sargassum social-ecological system links the seaweed to impacts on small-scale fisheries, 
tourism, recreation, energy, transportation, and other economic sectors. In the climate-vulnerable 
small island developing states (SIDS) of the Caribbean, sargassum is emerging as a wicked prob-
lem, meaning that the problem is difficult to specify and understand, while having no clear solution 
(Jentoft and Chuenpagdee 2009; Rittel and Webber 1973). Noting the challenges of the many un-
certainties of climate science, the limited capacities of SIDS, struggling small blue economies, and 
the quest for sustainable development, solutions to sargassum problems will require a combination 
of strategies drawn from disaster risk management, climate change adaptation, and commercial 
innovation and entrepreneurship (Oxenford et  al. 2021). Practical action towards adaptation is 
being taken from local to national levels of governance in Caribbean SIDS. State and non-state 
actors are beginning to collaborate in ad hoc sargassum problem-solving and in generating new 
multi-level opportunities for sargassum use (Desrochers et al. 2020). Communication among these 
stakeholders at different levels of governance has generally not yet been through institutions such 
as learning networks that optimise information exchange and knowledge mobilisation in marine 
resource governance (Van der Plank et al. 2020). Although scientific and local knowledge are both 
being used to cope with sargassum, there has been little effort to institutionalise, integrate, and 
formalise their use. To examine relationships between local knowledge and policy, in this chapter 
we consider two questions applied to each stage of a generic policy cycle:

•	 What types of local knowledge are available and used in sargassum management?
•	 How can the use of local knowledge in policy cycles for sargassum be enhanced?

Context

Within this century, the Caribbean is expected to experience even warmer air and sea tempera-
tures, sea level rise, more extreme weather events, ocean acidification, intense rainfall as well as 
more drought, and changing physical and biological oceanographic conditions (Cox et al. 2021; 
CSGM 2020). Fisherfolk in the region have already observed changes in the marine environment 
that some attribute to climate change (James 2009; Kinch and Oxenford 2019). Climate change 
adaptation is now becoming incorporated into fisheries and marine ecosystem-based management 

NERR new sargassum source area

Sargasso 
Sea

river
ou�lowriver ou�low

Figure 3.1 � New sargassum source area and ocean current transport into the Caribbean Sea (by authors).
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(Fanning et al. 2011). Improving global climate models, down-scaling climate projections to island 
size, and implementing mitigation measures will be necessary but not sufficient climate action 
(Nurse 2011). Adaptation to climate change will be essential in the Caribbean (Turner et al. 2020).

Sargassum influxes add to the complexity of marine resource governance under climate change 
and variability. Interactions among winds, currents, upwellings, nutrient transport from continen-
tal rivers, sargassum growth and mortality rates, and other factors that vary seasonally, but are less 
predictable due to climate change and climate variability, challenge our understanding of the ocean 
environment (Skliris et al. 2022). Natural science has dominated sargassum research with less at-
tention to social science and socio-economic aspects (Ramlogan et al. 2017). Caribbean countries 
have focused on solutions such as sargassum removal from beaches and its use as raw material in 
products such as fertilisers (Rosellón-Druker et al. 2022). In small-scale fisheries and other arenas 
of marine resource governance in the Caribbean Large Marine Ecosystem (CLME), there have 
been multi-level governance initiatives to link local organisations and communities to national and 
transboundary institutional arrangements (Fanning et al. 2009). Such conduits for local knowledge 
are less evident in the case of sargassum (Van der Plank et al. 2022).

For all marine resources, it has been a challenge to network stakeholders into effective govern-
ance arrangements to tackle issues at appropriately matched social and ecological scales (Fanning 
et al. 2021; Mahon and Fanning 2019). Governance concepts have only recently been applied to 
sargassum (Van der Plank et al. 2022) but few initiatives have yet focused on the links among 
the actors at national to local levels (McConney and Compton 2020). A common thread running 
through the governance narratives of climate, fisheries and sargassum is the need to have func-
tional policy cycles that link stakeholders to form networks. Caribbean marine resource govern-
ance literature has used a generic five stage policy cycle as a means of assessing how state and 
non-state actors interact and exchange information to decide upon and achieve shared objectives 
or solve problems (Fanning et al. 2009, 2013). For example, multi-level, nested, policy cycles have 
featured prominently in the large marine ecosystem governance framework used for the Caribbean 
Sea and North Brazil Shelf Large Marine Ecosystems (Fanning et al. 2013). Figure 3.2 is a generic 
example of a policy cycle.

Data & informat ion
• Coastal and marine
• Monitoring systems

Analysis & advice
• Ecological system
• Social system

Decision-making
• Na�onal level
• Local level

Implementat ion
• External inputs needed
• Primarily self-organised

Review & evaluat ion
• Lessons learned
• Adap�ve strategies

Figure 3.2 � Generic policy cycle showing examples of factors relevant to sargassum (by authors).
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Activities, actors, policy instruments, and their interactions are dynamic in policy cycle stages, 
but the data and information stage can be an entry point for including local knowledge. Analysis  
and advice stage benefits from both social and ecological local knowledge of the social- 
ecological system. Decision-making ideally incorporates local knowledge in multi-level govern-
ance for community to national level interventions. At implementation, local knowledge should 
feature prominently in enabling self-organisation for climate change adaptation. Review and eval-
uation processes feature local knowledge in lessons learned and consequent adaptation strategies.

Little formal integration of local knowledge typically occurs at Caribbean marine science pol-
icy interfaces (McConney et al. 2016). Deficiencies in obtaining, integrating and using the best 
available science and local knowledge, such as advocated for climate change adaptation (Kettle 
et al. 2014), are evident. Scientific and local knowledge are constrained by massive sargassum 
influxes having no precedent, and so no records or memory to call upon. Science and local knowl-
edge are very slowly informing Caribbean sargassum policy (McConney and Oxenford 2020). 
Also see Singh et al. (2024) for a comparable Pacific Island situation.

Methods

Using a hypothetical generic sargassum national policy cycle as an analytical framework, we 
examine the actual and potential use of local knowledge to inform policy. Sargassum formal and 
informal practices, protocols, adaptive strategies, and management plans in Caribbean countries 
are reviewed. The qualitative analysis posed questions such as those presented in Table 3.1.

Identifying data limitations helped to filter out unsuitable methods. From prior research, it was 
known that the use of online literature databases and search engines was not a feasible approach. 
There are few peer-reviewed publications on Caribbean sargassum policy and governance. Ex-
cept for natural science journal articles, regional documentation is mainly in the grey literature of 
project and meeting reports, and draft or restricted manuscripts that are not publicly accessible. 
Mass media lacks reports on sargassum institutional arrangements. For this exploratory investiga-
tion, a convenience sample of peer-reviewed publications and grey literature was drawn from the 
document collections of the authors and the specialised Sargassum Reference Repository of the 
Centre for Resource Management and Environmental Studies (CERMES), with which all authors 
are affiliated. Documents were supplemented by author’s participant observation in regional and 
national sargassum initiatives (e.g., research, outreach, consultation).

Table 3.1 � Key considerations for integrating local knowledge into a sargassum policy cycle

Stage of the policy cycle Considerations for integration of local knowledge (LK)

Data and information What science gaps and uncertain areas can LK fill?
How can science data and LK best be integrated?

Analysis and advice Do LK sources understand the science being used?
Which LK citizens or sources do policy-makers trust?

Decision-making Which holders of LK need to be engaged in local decisions?
What decision institutions and processes fit local needs?

Implementation Can LK be used directly in fieldwork through collaboration?
Can applied science add value to the practical use of LK?

Review and evaluation How does LK evolve through collective learning-by-doing?
Are learning networks useful for scaling up LK in reviews?
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Five recent journal articles were most relevant to local knowledge in sargassum policy cycles 
(e.g., Van der Plank et al. 2022), but other articles informed analysis and interpretation. Around 20 
items of regional grey literature comprising mainly technical reports, conference proceedings, and 
sargassum management plans (e.g., CERMES and MMABE 2021) provided the bulk of documen-
tation on local knowledge in policy cycles. No document addressed local knowledge formally used 
in a full sargassum policy cycle, as one does not exist, but aspects of sargassum management (e.g., 
participatory beach stranding site profiling) were relevant. Content within documents was linked 
to each stage by qualitative judgement. Methods reflect a preliminary study of how local knowl-
edge of sargassum is currently used, and how it can be formally incorporated into full sargassum 
policy cycles whenever they are developed in the future.

Results and discussion

This section presents and discusses findings by stage in the policy cycle on local knowledge avail-
ability and current use, with perspectives on how local knowledge may be improved in future pol-
icy cycles. Caribbean sargassum natural and social science research relevant to local knowledge 
has been linked more to harvest sector coastal operations in small-scale fisheries (e.g., Speede 
et al. 2019) than to climate change or marine resource policy, an exception being Cox et al. (2021) 
which tackled wider local knowledge integration and use.

Data and information

This policy cycle stage is about gathering scientific data and the best available information. The 
latter can include local knowledge. Even if information exchange is not formalised, it is customary 
for Caribbean state officials, academic researchers, and others to engage resource users to obtain 
data and information. This is especially so where institutional capacity for data collection is low 
due to inadequacies in staffing, budget, equipment or skills and where the few available marine 
resource data sets are inadequate (Cox and Oxenford 2018).

Fishers’ local knowledge from observations at sea over the decade of sargassum influxes (e.g., 
on associated biodiversity and impacts on fishing) assist in validating and interpreting official 
fisheries data for trends and patterns linked to sargassum (Oxenford et al. 2019). For example, Cox 
et al. (2021) combine Caribbean fishers’ observations, perceptions, and fishing practices with sci-
ence to understand changing climate impacts and environmental risks in fisheries. Their analyses 
include information on climate and sargassum coping and adaptive strategies in fisheries. They 
claim that “mobilising this local knowledge for evidence-based policy-making is essential for 
more effective and sustainable implementation of climate change adaptation strategies” (Cox et al. 
2021: 26), as seen in later stages of the policy cycle.

Due to the influxes being as much a surprise to science as to citizens, communication of all 
types in support of better exchange of information on sargassum has been more challenging than 
in climate science generally (McConney and Oxenford 2020). Few fisheries resource users or 
managers participate in sargassum email lists or online webinars. Fisherfolk and fisheries authority 
information exchanges tend to be via social media or in person and linked to projects (Oxenford 
et al. 2019). Caribbean SIDS have not yet pursued citizen science to monitor sargassum.

In the future, sharing fishers’ observations could become a routine procedure while protect-
ing data sovereignty (Reyes-García et al. 2022). Improving sargassum oceanographic and land-
fall model forecasts and refining sargassum early warning systems relies on large observational 
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data sets at fine scale. For example, fishers with mobile phones at sea could submit locations, 
photographs, and other information on sargassum to authorities or researchers via a smart phone 
application. Text or voice notes would add local knowledge to data for interpretation. Larger coun-
tries already incorporate citizen science into sargassum initiatives (Arellano-Verdejo et al. 2020; 
Collado-Vides et al. 2018; Iporac et al. 2020). Reyes-García et al. (2020) emphasise the ways in 
which operationalising local knowledge and utilising citizen science can be both challenging and 
rewarding for informing climate adaptation. New technologies simplify data and knowledge shar-
ing by fisherfolk and others (FAO and WorldFish 2020).

Currently, local knowledge is used to document sensitive coastal ecological areas (e.g., sea 
turtle nests), timelines of sargassum impacts and responses, assessments of site vulnerability, lo-
cal sargassum uses, and other factors in sargassum management (CERMES and MMABE 2021). 
Fisherfolk, watersport operators, tourism workers, coastal residents, environmental groups, and 
others share field observations to improve socio-economic data and information (Ramlogan et al. 
2017). Sargassum action learning groups of stakeholders are promoted by the Caribbean Natural 
Resources Institute (CANARI) in several countries, but information exchange remains ad hoc and 
without sufficient feedback to the providers of local knowledge regarding sargassum and climate 
science (McConney and Oxenford 2020).

A future approach to practical integration of local and scientific knowledge is learning-by-
doing, ranging from ad hoc collaborative fieldwork to full-time citizen science programmes  
(Collado-Vides et al. 2018). Sargassum monitoring can be a means of achieving knowledge in-
tegration. Initially, sargassum protocols emphasised state authority (e.g., CRFM 2016). Recent 
protocols by Alleyne et  al. (2022), Baldwin et  al. (2022), and Small et  al. (2022) set out field 
techniques that could engage citizen groups or schools, and improve data augmented by local 
knowledge while protecting data sovereignty (Reyes-García et al. 2022).

For the future, incorporating more local knowledge on the human dimensions of climate 
change impacts, and sargassum influxes specifically, could be done through the global initiative 
known as Socio-economic Monitoring for Coastal Management (SocMon), designed for local 
level engagement (Edwards et al. 2019). According to these authors, SocMon has been used for 
Caribbean small-scale fisheries and marine protected areas to contribute socio-economic data for 
adaptive management decision-making. SocMon incorporates climate change indicators which 
can be adapted to add sargassum local knowledge.

Analysis and advice

Local knowledge is often sought in the data and information stage, especially in data-poor situ-
ations, but ideally there will be a little separation between that stage and the analysis and advice 
stage. This chapter’s authors have encountered useful time series of sargassum data stored in 
government offices with no system for analysis and advice. Now, local knowledge rather than 
accumulated data tends to be sought and analysed to generate urgent advice. The means of select-
ing local knowledge sources and verifying information is therefore of utmost importance. Local 
knowledge from social networks or formal channels must be understood to find reliable advice 
(Ramlogan et al. 2017). Statutory institutions such as Fisheries Advisory Committees are a means 
by which individual fisherfolk and their organisations make a direct input into policy. However, 
few Caribbean SIDS currently have fully functional Fisheries Advisory Committees. Addressing 
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this deficiency is critical in drafting sargassum adaptive management strategies that incorporate all 
stages of the policy cycle (CERMES and MMABE 2021).

Currently, there are few examples of co-development of knowledge products with fisherfolk 
that demonstrate the useful outputs of local knowledge integration with science to enhance analy-
sis and advice. For example, Speede et al. (2019) validated the best practices of fishers and boat 
owners from both practical and scientific angles. They show how innovations in fishing vessels 
and fishing gear relate to ecological features of sargassum. Although the good practices are simply 
advisory, they may have implications for formal use of local knowledge if used in new standards 
for fishing equipment and practices.

Currently, fisherfolk have limited knowledge of climate science with which to contextualise or 
interpret their observations and upon which to base advice in formal processes (Cox et al. 2021). 
Caribbean authorities and mass media often fall short of fully informing the public on environmen-
tal matters, a situation that applies to marine science in general (McConney et al. 2016). Offering 
advice on ecosystem-based management, an ecosystem approach to fisheries, integrated coastal 
management, and the like requires close attention not only to sargassum, but also to the environ-
mental, economic, and social aspects of sargassum interactions including in tourism, renewable 
energy, and coastal marine transportation. The scope of analysis and advice based upon local 
knowledge is important and needs to be broadened.

In the future, much of the human dimension sargassum advice may be derived from lo-
cal knowledge combined with science and technology (e.g., Hinds et  al. 2016). Ramlogan 
et al. (2017) provided an integrated socio-economic analysis framed by resilience thinking in 
which local knowledge was used to advise on how fishers were likely to cope with or adapt 
to sargassum influxes. It can document practices and guide ways to deal with sargassum such 
as by changing fishing practices, adding homemade technological adaptations to engines and 
hulls, and other innovations not recorded in official documents (Speede at al. 2019). Advice 
on what is feasible and practical at the level of the individual, fishing enterprise, household, 
and organisation often relies – at least partially – upon local knowledge. Such advice must 
be aggregated in the future for application in national policy cycles, but will not necessarily 
be homogenous across local communities due to their diversity in exposure and sensitivity to 
climate change impacts.

A quarterly Sargassum Sub-regional Outlook Bulletin is currently disseminated to around 1,000 
diverse subscribers, representing a special case of analysis and advice (CERMES 2022). This bul-
letin informs regional fisheries and tourism stakeholders of a three-month Caribbean forecast for 
sargassum quantities, distribution, and possible impacts through ocean science advice that can be 
easily understood and combined with local knowledge by readers to fit site-specific situations. 
Compiled by sargassum researchers, the bulletin could serve as a time-limited policy brief for 
multi-stakeholder, evidence-based, decision-making, and elicit contributions of local knowledge. 
However, this needs to be further strengthened.

The recent sargassum monitoring protocols and best practices, for example, Alleyne et  al. 
(2022), Baldwin et  al. (2022), and Small et  al. (2022), open new opportunities for developing 
citizen science approaches that are simple but scientifically robust. These protocols can encourage 
marine resource stewardship by actively engaging local resource users and their households in 
analysis and advice. They may also foster trust and respect amongst the stakeholders, which would 
also be beneficial for the remainder of the policy cycle.
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Decision-making

At this stage of the policy cycle, local knowledge is useful for deciding on matters such as feasible 
community level subsidiarity to manage sargassum, public resources to deploy, and budget alloca-
tions if sargassum policy is to enable self-organisation and empowerment. In the absence of fully 
functional sargassum policy cycles, or formal institutional arrangements that would support them, 
no clear cases of local knowledge use in formal decision-making were found in the literature. 
However, one could envision a village committee guided by using sargassum local knowledge 
in its decision-making procedures. Applying principles of good governance in decision-making 
(e.g., inclusiveness, participation) facilitates the incorporation of local knowledge through equal 
opportunity for diverse sources to be heard (Compton et al. 2020). For example, one would need 
to know the interests and key roles of various stakeholders (Fanning et  al. 2021), how to en-
sure accountability and transparency through effective communication (McConney and Oxenford 
2020), and other structural and functional features of governance arrangements tailored to local 
circumstances. Without good governance, power asymmetries and other factors may intentionally 
or inadvertently stifle local knowledge at this stage.

Other features that are relevant to all stages of a policy cycle become more prominent in the 
decision-making stage. Gender mainstreaming is an example (Compton et al. 2020). Gender is 
important throughout the policy cycle as local knowledge of women may differ from men’s knowl-
edge. Moreover, women’s knowledge is often critical in household adaptation measures and socio-
economic aspects of livelihoods (Edwards et al. 2019). These aspects can include knowledge of 
public or women’s health, and other social impacts of sargassum that men may downplay due to 
differences in gendered perceptions of risk (Fraga and Robledo 2022).

In the future, local knowledge can also be used to decide on no-regrets adaptation interven-
tions at the community level more than at the national level of the policy cycle. Governance ar-
rangements such as Fisheries Advisory Committees and Ocean Governance Committees provide 
national intersectoral coordination mechanisms (NICs) for integrating different knowledge types 
to inform adaptation to climate change and variability (Compton et al. 2020). Collective action 
on sargassum coordinated across sectors at local, national, and regional levels will be critical for 
successful decision-making on climate issues (CSGM 2020).

Implementation

Implementation of site level sargassum adaptations and interventions is currently informed by lo-
cal knowledge, but significant improvements are warranted. For example, some sites use manual 
labour with hand tools rather than heavy machinery to responsibly remove sargassum in ecologi-
cally sensitive areas or to reach off-road areas (Sealys and Felix 2017). Residents are guides and 
resource persons to implement such measures. Nearshore sargassum removal requiring boats and 
fisherfolk knowledge of sea conditions, bathymetry, ecology, and weather is another case in point. 
In the future, local knowledge that was useful in analysis and advice can also be made more use-
ful in site level activities when shared by the knowledge holders on the coast in real time during 
interventions such as sargassum beach clean-ups.

Local knowledge may also be important in the future for adding sargassum to local economic 
opportunities for innovation, investment, and entrepreneurship as private sector engagement will 
be essential to turn sargassum from being a liability into an asset. Potential sargassum uses include 
fertiliser, for bioenergy, in construction, and for cosmetics (Desrochers et  al. 2020). However, 
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Oxenford et al. (2021) urge caution in proceeding with some products due to high heavy metal and 
arsenic levels in sargassum. It will be important to tap into local knowledge on uses to apply public 
health and safety standards to innovation.

Fisheries learning exchanges for knowledge mobilisation between neighbouring islands with 
different experiences of sargassum, have been an effective means of sharing local knowledge 
among fisherfolk through peer-to-peer interaction (Cox and McConney 2021). Higher-level ex-
changes should be used in implementation to facilitate regional cooperation among policy actors 
as to date this has been attempted with only moderate success (CRFM 2016).

Although not explicitly mentioning policy cycles, researchers have recommended that “engage-
ment of fisherfolk should be improved to co-produce adaptation strategies that ensure appropriate 
adaptation measures which complement locally established coping strategies” (Cox et al. 2021: 25).  
This acknowledges that local knowledge should be an essential contributor to the implementation 
of any sargassum policy cycle in the future.

Review and evaluation

Finally, in the policy stage of review and evaluation local knowledge can be useful for social 
learning and adaptation . This role can be within the institutions for participatory monitoring and 
evaluation commonly used in externally funded projects and programmes. As noted in the meth-
ods section, seldom is open data or publicly accessible literature available on sargassum local 
knowledge. A culture of critical analysis and constructive criticism of sargassum initiatives must 
utilise exchanges between local and scientific knowledge, leading to improved knowledge integra-
tion that does not subordinate local knowledge.

On reviewing draft national sargassum management plans (e.g., Ince 2017; Sealys and Felix 
2017; Williams 2017), Cox et al. (2019) found that the plans and the protocol on which they were 
based (CRFM 2016) ignored climate change adaptation. Cox et al. (2019) urged more attention to 
collaborative planning for developing adaptive capacity. Subsequent national sargassum adaptive 
management strategies (CERMES 2021a–d) incorporated sargassum local management plans. 
This hierarchy was intended to infuse more use of local knowledge at the community or site 
level, while facilitating aggregation of knowledge at the national level. In the future, multi-level 
adaptation should better address influxes that vary annually in landfall location, severity, ratios 
of sargassum species and morphotypes. However, strategies and plans are only useful if tested 
and treated as living documents, with continuous review and evaluation, as knowledge is created 
locally from experience and from scientific investigation.

In the future, each policy cycle stage should use more sargassum local knowledge. During the 
COVID-19 pandemic, regional online forums on sargassum catalysed local knowledge exchange 
across the Caribbean. Appreciation for review and evaluation was apparent as sargassum stake-
holders determined critical gaps in data and action. For example, the use of drones for remote and 
sophisticated sargassum monitoring became a focus in the multi-level diffusion of technology, 
as team fieldwork was constrained (Baldwin et  al. 2022). With COVID-19 constraints easing, 
responses to sargassum are being reviewed and evaluated to incorporate new technologies. Local 
knowledge plays a role in these, particularly as participatory methods are now being used again 
(Baldwin et al. 2022).

The key points set out above from the findings in all stages of the sargassum policy cycle on 
present and potential future use of local knowledge are summarised in Figure 3.3.
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Conclusion

The dilemma of sargassum seaweed being a social-ecological system asset in small to moderate 
quantities, but a climate-linked threat to Caribbean countries in the massive influxes experienced 
since 2011, is a unique case of climate change and climate variability. The influxes were a surprise 
to science and no local knowledge of them existed. In the last decade, both science and local 
knowledge have resulted in improved understanding of the influxes and ability to cope, but suc-
cessful adaptation to sargassum influxes is still elusive.

An important issue that has received little attention in climate adaptation is the role of local 
knowledge in creating and operating complete, multi-level sargassum policy cycles in the affected 
countries. Comprehensive policy cycles build resilience by ensuring that well-forged links from 
policy to practise guide climate action. In the case of the sargassum influxes, the exploratory in-
vestigation in this chapter found that there are no complete sargassum policy cycles, and that the 
availability and use of local knowledge are issues to be addressed.

In the scarce literature and the author’s own applied research experience, we found mainly 
examples of ad hoc policy-related use of local knowledge in sargassum management. Local com-
munity input informed how coastal area ecosystems and livelihoods have been impacted by the 
influxes. Such knowledge has guided local coping measures, especially in small-scale fisheries, 
but there are no institutionalised mechanisms for bringing this knowledge to policy.

Deficiencies in the availability and use of local knowledge were evident in all stages of a 
generic sargassum policy cycle assembled from research findings. Components of policy cycle 
stages exist, but these were not yet linked to create a coherent whole. The findings illustrate several 
future opportunities for active learning networks and other beneficial institutional arrangements to 
incorporate local knowledge at each stage of a policy cycle. There is a need for citizen engagement 
and local knowledge, especially to convert sargassum from a threat to an opportunity. A sargassum 
policy cycle will need to be incorporated into climate adaptation measures with support for reduc-
ing vulnerability and building resilience.

This transformation in use of local knowledge and climate change adaptation requires major re-
form of marine resource and climate science-policy interfaces (McConney et al. 2016) with special 
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Figure 3.3 � Summary of present and potential future use of local knowledge in the policy cycle.
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attention to guidance available on good governance (Compton et al. 2020). Lack of national inter-
sectoral coordination mechanisms for marine governance currently stifle use of local knowledge as 
these national governance arrangements are crucial for policy success (McConney and Compton 
2020). Recent interest in coastal and marine spatial planning could offer avenues for citizen sci-
ence and engagement in policy cycle stages with a concomitant increase in the availability and use 
of local knowledge to positively influence climate policy.
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Introduction

High mountain regions are home to numerous subsistence-oriented communities maintaining 
highly valued cultural landscapes. These social-ecological systems are directly and indirectly af-
fected by climatic, ecological, sociocultural, economic, and political changes (Savo et al., 2016). 
Climate change affects mountainous landscapes above the global averages (e.g., Chaudhary & 
Bawa, 2011; Gobiet et al., 2014). Climate change influences not only the local weather patterns, 
but also the different elements of the ecosystem, including the vertical and horizontal distribution 
and phenology of plant and animal species (Feehan et al., 2009; Hansen et al., 2012) and the com-
position of mountain plant associations (Feehan et al., 2009). Thereby, subsistence-oriented, rural 
mountain communities operating extensive systems are also seriously affected by climate-related 
changes (Savo et al., 2016).

Because of the complex topography of mountain areas, it is difficult to exactly determine and 
model climate change impacts (Elsen et al., 2020). To overcome such difficulties, first-hand and 
detailed local observations and reports are becoming increasingly valuable in climate research 
(Reyes-García et al., 2019). Observations made by local communities can reveal more about on-
going trends than models interpolated on the basis of instrumental measurements by geographi-
cally distant meteorological stations (Savo et al., 2016; Reyes-García et al., 2019). Although local 
communities’ reports can be distorted by the variability of the weather, short-term trends, extreme 
weather events, and the public media (Zaval et  al., 2014; Reyes-García et  al., 2016), research 
shows that local observations are often concordant with the results of instrumental measurements 
(Lehner & Stocker, 2015; Savo et al., 2016). Local observations are partly based on community 
members’ own life experience (individual observations), but there is also a multi-generational 
component (collective observations), which allows for the monitoring of long-term, trend-like 
changes (Hansen et al., 2012).

This chapter has been made available under a CC-BY-NC-ND license.

https://doi.org/10.4324/9781003356837-7


Local perceptions of climate change in the Eastern Carpathians

75

Local communities in Central and Eastern Europe are underrepresented in the documentation 
of local observations of climate change impacts, despite the fact that the region is facing consider-
able changes, especially regarding average temperatures and precipitation patterns (Spinoni et al., 
2015). Within this context, the aim of this study was to document the changes experienced by 
local people in a mountain community practising extensive farming in the Eastern Carpathians of 
Romania.

Specifically, the objectives of the study are:

1	 To document the local observation of changes in elements of the atmospheric system (tempera-
ture, precipitation, air movement, seasonality).

2	 To document the direct impacts of changes in elements of the atmospheric system on extensive 
farming.

3	 To document local responses to climate change impacts in farming.

Study area

Research was conducted in Romania, in the Eastern Carpathians, in the village of Lunca de Jos 
(Gyimesközéplok), within the area of Valea Rece (Hidegségpataka). The village is located in the 
valley of the Hidegség stream (800–900 MSL) (Figure 4.1a). The height of the surrounding moun-
tains ranges from 900 to 1,500 m.a.s.l. The municipality of Lunca de Jos has an area of 138.3 km2, 
of which 30.5% is covered by hay meadows, 36.4% by pasture, 30.3% by forest, 1.1% by arable 

Figure 4.1 � Study area. (a) The village is nestled in the valley bottom. Between the houses, there are arable 
fields and hay meadows. (b) Inner hay meadows stretch across the valley floor and foothills.  
(c) Beyond the inner hay meadows are the mountain pastures and the outer hay meadows.  
(d) Extensively cultivated hay meadows are particularly species-rich. Photos: Dániel Babai.
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land, and 1.7% is built-up area, including infrastructure (Sólyom et al., 2011). Hay meadows and 
pastures are partly mesophilic, partly mountain meadows formed on nutrient-poor, acid soil, and 
to a lesser extent species-poor Nardus grasslands (Figure 4.1b–d) (Babai et al., 2014). The forest 
area is primarily spruce forest.

The mountain area has a moderately humid alpine-boreal climate with strong continental in-
fluences. The average annual temperature is 4–6°C. The hottest month is July and the coldest is 
January. Average annual precipitation is 700–800 mm (Ilyés, 2007). Across the Carpathians, most 
of the precipitation tends to fall in June (12–16% of the annual precipitation). The second peak 
in precipitation tends to occur in late autumn and early winter (8%) (Micu et al., 2015). Average 
winter precipitation is 106 mm. The first snowfall usually occurs in November and continuous 
snow cover lasts over 100 days, approximately until March. The prevailing wind direction is from 
the west.

The study area has a population of 2,328 people, mostly Hungarians (only 0.4% are Romani-
ans). Around 85–90% of the population is engaged in extensive farming as full-time farmers or as 
a supplementary source of income (personal observation). The average farm size is 3.8 hectares 
(Sólyom et al., 2011). Family farms tend to rely on dairy cattle farming (Babai et al., 2014). The 
management of hay meadows focussed on winter fodder production and on the elimination of the 
impacts of natural and anthropogenic disturbances and promoting the regeneration of mountain 
grasslands in order to stabilise long-term hay yields. Landscape and ecological features, together 
with the political, ethnic, and economic contexts, have contributed to the preservation of an exten-
sive, traditional way of farming, especially in terms of grassland management (Babai et al., 2014, 
2021). Semi-subsistence family farms also grow arable crops on small plots. The main crop grown 
is potatoes (Solanum tuberosum). Small-scale fruit and vegetable production (cabbage, onions, ap-
ples, plums) are also typical. Edible wild plants (spring vegetables and forest fruits), mushrooms, 
and medicinal herbs play an important role in the diet and everyday life of many families (Babai 
et al., 2014).

Methods 

Data collection

This study uses the term “climate change” to refer to changes in the state of the climate for which 
the mean and/or variability of each parameter can be well identified and persist over a long period 
of time (Reyes-García et al., 2016; IPCC, 2021). The exploration of local observations of farm-
ers in Gyimes related to climate change was based on 23 qualitative, semi-structured interviews 
conducted in Valea Rece. Key informants were interviewed, identified on the basis of former stud-
ies on traditional ecological knowledge of local farmers in Gyimes (see, e.g., Babai et al., 2014). 
During the sampling, the recommendations of the LICCI protocol were followed (Reyes-García 
et al., 2023). The interview questions covered changes in the landscape, the natural environment, 
and the climate, as well as the drivers of change during the period from 1990 to 2020. Among the 
changes mentioned during the interviews, I took into account observations and reports related to 
long-term climate trends, primarily those which were considered by the local farmers affecting the 
flora, vegetation, and land-use practices in Gyimes.
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Two focus group discussions were organised with six and five experienced farmers. To validate 
the data collected during interviews, focus group participants were different from those inter-
viewed. The participants discussed the climate trends that came up in the interviews and either 
confirmed or refuted them.

Fieldwork was conducted in Hungarian and lasted 21 days distributed between 2019 and 
2020. Fieldwork received ethical clearance from the Universitat Autònoma de Barcelona (UAB) 
(CEEAH 4781). Interviewees were informed in advance, through a prior informed consent form, 
about the aims of the research, including publication.

Data analysis

All the statements concerning climate change, namely changes related to the atmospheric, physi-
cal, biological, and human systems were analysed (for more details, see Reyes-García et al., 2023). 
I coded the statements related to changes made in the interviews using the categorisation system 
developed by the Local Indicators of Climate Change Impacts (LICCI) project (Reyes-García 
et al., 2023). For changes mentioned in the interviews, I documented the direction of the trend 
(increasing, decreasing, variable) and the degree of consensus, based on the number of interview-
ees who mentioned the change and the number of interviewees who had similar perceptions of the 
direction of the trend. Climate-related trends were examined in the context of temperature, precipi-
tation, air movement, and seasonality, as local farmers reported changes only in these categories.

Whenever possible, local reports of observations were supplemented by instrumental data of 
mesoclimatic studies of the Carpathians (e.g., Micu et al., 2015; Spinoni et al., 2015). Information 
from the closest meteorological station in the Ciuc basin was not used, because the climate of the 
basin, and the climate of the study area differ significantly (Petres et al., 2017). Similarly, the near-
est meteorological station located at a similar elevation (Ceahlau-Toaca) is approximately 188 km 
away. Given the geographical distance and different climates in the two locations, data from both 
stations are not suitable for a comparison with changes reported in Valea Rece.

Results

Local inhabitants from Valea Rece reported several climate change impacts that have been af-
fecting them for some decades: “Do you know that the weather has changed? In the past, spring 
used to start somewhat later. Now, for the past two or three years, it has started earlier” (Jánó 
Mária – 1944; 28 10 2019). Local farmers in Gyimes mentioned changes categorised in 36 indica-
tors related to elements of the atmospheric system, which were confirmed during the focus group 
discussions. The most frequently observed changes were related to the temperature (ten indicators, 
e.g., increasing mean temperature), precipitation (16 indicators, e.g., shifting temporal patterns of 
precipitation), air movement (7 indicators, e.g., decreasing number of windy days), and seasonal-
ity (3 indicators, e.g., changes in the onset of seasons) (Tables 4.1‒4.4). The level of consensus 
among the participants on the direction of the trends of the indicators of climate change impacts 
reached 100% for 28 indicators (e.g., for trends related to seasonality). The lowest degree of con-
sensus was 40% (i.e.., changes in the frequency of lightning and thunder). The average level of 
consensus related to the reported trends’ directions in the case of the 36 coded indicators was 92%.
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Table 4.1 � Local observations of climate change impacts perceived by Csángó farmers in Gyimes. Observations of changes in temperature

Indicators Number of 
interviewees

Direction Quotation Instrumental data C Literature

Changes in the 
temperature 
during the 
night

2/2 ▼ “At night, the air is much cooler than 
before. On summer nights it actually 
used to be possible to be outside 
in short sleeves, but now it cools 
down…” (Tankó, László – 1986; 29 
10 2019)

Minimum night temperatures increased 
significantly across the Carpathians, 
and the frequency of tropical nights 
(temperature is more than 30°C) 
increased, with a peak in July.

Ø Micu et al. (2015)

Changes in 
temperature 
fluctuation

6/6
100%

▲ “The heat waves are more intense. There 
are periods with sudden changes, 
more erratic weather. The weather 
changes in a matter of seconds.” 
(Prezsmer, Károly – 1980; 29 10 
2019)

No data – –

Changes in the 
frequency 
of days with 
extreme 
temperatures

9/9
100%

▲ “Now when it’s so hot, really, this heat 
is just unheard of…” (Máris, Éva – 
1979; 17 11 2019)

Occurrence of extremely warm days 
and maximum temperature in summer 
increased across the Romanian 
Carpathians.

Ok Spinoni et al. 
(2015) and Micu 
et al. (2015) 

Changes in 
the length/
duration of 
heat waves

3/3 ▲ “For a day or two, but not like this, with 
this heat lasting a whole week and 
drying everything up. This is a little 
strange.” (László, Csaba – 1964; 18 
11 2019)

Higher incidence of warm spells, 
particularly in areas below 1,600 m is 
characteristic.

Ok Birsan et al. 
(2014), 
Dumitrescu et al. 
(2015) and Micu 
et al. (2015)

(Continued )
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Changes in 
the length/
duration of 
cold waves

5/4
80%

▼ “The cold lasted longer. Now it lasts two 
or three days, but back then it lasted a 
week or two.” (Máris, Éva – 1979; 17 
11 2019)

The duration of cold spells is 
significantly decreasing, but only over 
limited areas in the Carpathians.

Ok Lakatos et al. 
(2013), Birsan 
et al. (2014) and 
Dumitrescu et al. 
(2015)

Changes in the 
intensity of 
heat waves

3/3 ▲ “I mean, there were heat waves, but 
it was always windy up in the 
mountains, so it was hot, but it wasn’t 
this stifling heat that makes it hard to 
breathe.” (Bodor, László – 1976; 16 
11 2019)

Intensity of warm spells has increased 
(maximum temperature is above 
25°C) especially since 2000.

Ok Micu et al. (2015)

Changes in the 
intensity of 
cold waves

4/3 ▼ “I’m not saying that it doesn’t get cold 
or snow anymore, just that it used to 
last longer. Now it’ll get cold for a 
week, but back then it would be 20 to 
25 degrees below zero for the whole 
month of December…” (László, 
Csaba – 1964; 18 11 2019)

Winter minimum temperatures indicated 
a stronger warming in the Eastern 
Carpathians (>5°C).

Ok Busuioc et al. 
(2006)

Changes in the 
frequency 
of unusual 
temperatures 
in a given 
season

2/2 ▲ Extremely warm days in winter: “There 
have even been floods in January. It 
would snow one day and warm up so 
much the next day that it would flood, 
with ice blocks floating in the water.” 
(Kondor, Béla – 1954; 12 11 2019)

Extremely cold days in summer: “It’s 
so uncommon to have frost and snow 
in the summer and for the crops to 
freeze. That didn’t use to happen.” 
(Tankó, Anna – 1934; 14 11 2019)

No data – –

(Continued )
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Changes in 
the mean 
temperature 
in a given 
season

15/15
100%

▲ Spring: “The weather gets warmer in 
April already too.” (Tankó, Erzsébet – 
1968; 17 11 2019)

Summer: “The summers, they’ll keep 
getting hotter. It’s a lot hotter than it 
used to be.” (Jánó, Erika – 1992; 28 
10 2019)

Autumn: “Autumn is longer and a lot 
warmer than it used to be… Now 
autumn competes with summer.” 
(Jánó, Erika – 1992; 28 10 2019)

Winter: “Winter was forever the same. 
Now there aren’t such awful cold 
spells; it’s bearable.” (Jánó, Mária – 
1944; 28 10 2019) (Figure 4.2)

Mean temperature trends have increased 
in winter, spring and summer, while 
they are completely absent in autumn 
(it is a stable season from a thermal 
point of view). The most extended 
increase occurs in the late spring and 
summer months (May–August).

Oka Birsan et al. 
(2014), Cheval 
et al. (2014), 
Spinoni et al. 
(2015),

Dumitrescu et al. 
(2015) and Micu 
et al. (2015)

Changes in 
sunshine 
intensity

4/4 ▲ “It’s much hotter in the sun; when it’s 
shining, it’s so hot you can feel your 
head melting.” (Tankó, Erzsébet – 
1968; 17 11 2019)

A brightening in the 1990s and 2000s 
was observed, while the relative 
sunshine duration shows an increase 
in spring and summer.

Ok Spinoni et al. 
(2015)

Number of interviewees – Number of respondents who perceived changes/number of participants who agreed with the direction of the trend. Legend – direction 
of trend: ▲: the trend shows an increase, ▼: the trend shows a decrease, ◄►: the direction of the trend varies (the change cannot be expressed as an increase 
or decrease). C – correspondence between the reports of local observations and instrumental data (OK: locally reported and mesoclimatic instrumental data are 
similar, Ø: there is no consensus among local observations and instrumental data).
a  There is a correspondence regarding the winter, spring, and summer mean temperature increase, but not regarding the mean temperature in autumn (local 
reports highlight the warming trends of the temperature in autumn, while instrumental data shows the opposite).

Table 4.1 � (Continued)

Indicators Number of 
interviewees

Direction Quotation Instrumental data C Literature
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Temperature

Temperature-related observations reported by local farmers in Gyimes referred to changes in the 
annual, seasonal, or even daily variation in mean temperature (Table 4.1). According to farm-
ers’ observations, the mean temperature during the winter months has increased significantly  
(Figure 4.2), while the length and intensity of winter cold spells have decreased. The mean tem-
perature of the summer months has also increased, as have the daily maximum temperatures. The 
intensity and length of summer heat waves have also increased.

Precipitation

Local observations of changes in precipitation mainly highlight changes in the temporal distribu-
tion and intensity of rainfall (Table 4.2). Csángó farmers in Gyimes have observed a significant 
change in the temporal distribution of summer rainfall, with rainfall being less frequent but more 
intense than in the past. There are more frequent and longer dry spells and even droughts in the 
summer, which has a serious impact on the vegetation and freshwater supplies in the studied land-
scape (Figure 4.3a–4.3b). Meanwhile, there has also been an increasing intensity of rainfall events 
that cause flash floods and landslides (Figure 4.3c–4.3d).

Air masses

Locally perceived changes in air movement are less significant and trends are not particularly ob-
vious, so they were mentioned less frequently during interviews. However, the decreasing number 
of windy days and the changing frequency of hailstorms were often mentioned (Table 4.3).

Figure 4.2 � Due to the increase in mean winter temperatures, snow often melts as early as mid-February on 
slopes with southern exposure. Photo: Dániel Babai.
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Table 4.2  Local observations of climate change impacts perceived by Csángó farmers in Gyimes.

Indicators Number of 
interviewees

Direction Quotation Instrumental data C Literature

Changes in 
mean rainfall 
(not further 
specified)

4/4 ▼ “Well, it rained less this year; there used 
to be more rain.” (Jánó, Erika – 1992; 
28 10 2019) (Figure 4.3a,b)

A transition towards a drier 
mountain climate became visible, 
and the decline of precipitation 
amount is present in winter, 
summer and spring.

Ok Micu et al. (2015)

Changes in the 
number of days 
with rainfall/
rainy days 
(not further 
specified)

5/5
100%

▼ “It used to rain more often, and not as 
much. If we had a week without rain, 
then it would rain the next week. Now 
a month or two will go by without it 
raining at all.” (Főcze, Péter – 1942; 15 
11 2019)

The frequency of precipitation has 
decreased since the mid-1980s 
and early 1990s. The probability 
of wet day occurrences is on the 
decrease at most Carpathian sites.

Ok Micu et al. (2015)

Changes in 
the intensity 
of rainfall 
(not further 
specified)

4/4 ▲ “In the past when it rained, you could 
even go out and mow. Now when 
the rain comes, it pours so much that 
it sweeps away the whole village.” 
(FGD#1, Jánó Béla et al. 19 01 2020) 

The average intensity of 
precipitation were slightly 
increasing (more rainfall showers 
in some areas).

Ok Micu et al. (2015)

Changes in the 
intensity/
strength of 
heavy rainfall 
events

9/8
89%

▲ “It used to be that we would have a week 
of calm rain, but now we’ll get a huge 
rainstorm, with sudden rainfall coming 
in and causing destruction.” (Prezsmer, 
Károly – 1980; 29 10 2019)

Indicators related to the intensity 
of heavy rainfall events did not 
support the observation that 
intensity of precipitation events 
increased over the 1961–2010 
period.

Ø Micu et al. (2015)

Changes in the 
frequency of 
heavy rainfall 
events

7/5
71%

▲ “There have never been so many 
downpours.” (Tankó, Ilona – 1954; 12 
11 2019)

The number of days with 
precipitation above 10 and 20 
mm increased, while the annual 
frequency of heavy rain showers 
increased slightly.

Ok Pongrácz and 
Bartholy (2006), 
Bartholy and 
Pongrácz (2010), 
Dumitrescu et al. 
(2015) and Micu 
et al. (2015)

(Continued )
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Table 4.2  (Continued)

Indicators Number of 
interviewees

Direction Quotation Instrumental data C Literature

Changes in the 
frequency of 
flash floods

4/4 ▲ “We used to have more frequent but 
lighter rainfall, but now when it rains, 
it pours. When there’s heavy rain, 
there’s flooding.” (Jánó, Erika – 1992; 
28 10 2019) (Figure 4.3c)

Frequency of flash floods increased. Ok Palamarchuk et al. 
(2005), Birsan 
et al. (2013) 
and Micu et al. 
(2015)

Changes in the 
intensity of 
flash floods

2/2 ▲ “We had a flood in ’70 that swept 
everything away. But it seems like the 
one we had now was even bigger.” 
(Pasi, Olga – 1945; 14 11 2019)

No data – –

Changes in 
temporal 
distribution of 
rainfall

9/9
100%

◄► “It’s completely different. It used to rain 
two or three times a week, but - after 
it rained - the weather was good, 
everyone got on with their work.” 
(Jánó, Erika – 1992; 28 10 2019)

Intensity of extreme rainfall events 
increased, coupled with a lower 
frequency.

Ok Bartholy and 
Pongrácz (2007)

Changes in the 
length/duration 
of rainfall 
events

2/2 ▲ “It didn’t use to be like this. When it rained 
in the afternoon, it wouldn’t rain at 
night. The weather was good during the 
day. If there was thunder and lightning 
during the day, there was none at night.” 
(Pasi, Olga – 1945; 14 11 2019)

No data – –

Changes in the 
predictability of 
rainfall

10/10
100%

▼ “Now we can’t plan the way we were 
taught as children. We used to be 
able to tell in the morning if it was 
going to rain in the afternoon. But not 
anymore.” (Ferenc, Bálint; 15 11 2019)

No data – –

Changes in the 
amount of 
rainfall in a 
given season

6/6
100%

▼ “In summer, it rained at least once a 
week. Now it’s really starting to shift; 
there’s less rainfall in the summer than 
there used to be.” (Tankó, László – 
1986; 29 10 2019)

Generally, winters, springs, 
summers and even the extended 
cold season (November-April), 
grew drier, while autumns showed 
predominant increasing trends.

Ok Dumitrescu et al. 
(2015) and Micu 
et al. (2015)

(Continued )
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Table 4.2  (Continued)

Indicators Number of 
interviewees

Direction Quotation Instrumental data C Literature

Changes in the 
intensity/
strength of 
rainfall in a 
given season

3/3 ▲ “It used to rain more frequently but not as 
much, but now, when it rains, it pours. 
Then it sweeps everything away.” 
(Jánó, Erika – 1992; 28 10 2019) 
(Figure 4.3d)

No data – –

Changes in the 
length/duration 
of drought

5/5
100%

▲ “It rained more often and not so much. If 
it didn’t rain for a week, then it would 
rain the next week. Now we’ll have a 
month or two where it doesn’t rain at 
all.” (Tankó Tímár, Attila – 1971; 27 10 
2019) (Figure 4.3b)

It seems that in the last 15–20 years 
the droughts have also been 
longer and more intense than in 
the past and this is probably due 
to the temperature rise in the 
Carpathians.

Ok Spinoni et al. 
(2013, 2015) 
and Micu et al. 
(2015)

Changes in the 
frequency of 
fog or misty 
days

4/4 ▼ “There’s not much fog either. There used 
to be more in the mornings. Spring 
and autumn were a bit foggier.” (Jánó, 
Erika – 1992; 28 10 2019)

No data – –

Changes in the 
frequency of 
cloudy days

2/2 ▼ “It was so rare to have a completely 
cloudless sky. In the summer maybe 
once or twice, but now when it 
happens, it’s like that for months.” 
(Tankó, Erzsébet – 1968; 17 11 2019)

No data – –

Changes in the 
frequency of 
frost days

4/4 ▼ “Well, it used to be that there was frost; 
we would be sliding down the hillside 
during the second harvest. But the 
weather’s not like that anymore. It’s 
warmer; there’s no frost.” (Jánó,  
Mária – 1944; 28 10 2019)

The decreasing number of frost 
days is obvious.

Ok Micu et al. (2015)
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Seasonality

Local observations made by Csángó farmers in Gyimes indicate drastic changes in the seasons. 
Most of the observations relate to changes in the seasons and in seasonality (Table 4.4). Observa-
tions show variability in the length of the seasons (e.g., winter getting shorter), but also a marked 
tendency for the transitional seasons of spring and autumn to become shorter or even disappear. At 
the same time, farmers observe significant shifts in the onset and end of seasons, which may start 
either earlier or later.

Climate change impacts in farming and farmers’ responses

Rising average temperatures, temporal changes in precipitation patterns, and the increasing un-
predictability of seasonality and weather all have an impact on agricultural activities, making it 
difficult to plan grassland management and crop production. According to informants, the flow-
ering of vegetation in hay meadows and pastures is affected by the earlier onset of spring. This 
is particularly true for grass species such as Poaceae spp., for which one informant mentioned: 

Figure 4.3 � (a) As a result of drought periods, water yields from springs and wells have fallen significantly. 
Locals try to reduce the draining effect of streams by building weirs. (b) As a result of drought pe-
riods, springs that had never dried before have dried up several times in recent years. (c) Rainwater 
rushing down the steep slopes during periods of more intense rainfall causes flash floods. (d) High-
intensity rainfall causes landslides on hay meadows located on steep slopes. Photos: Dániel Babai.
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Table 4.3  Local observations of climate change impacts perceived by Csángó farmers in Gyimes. Observations of changes in air masses. See notes in Table 4.1

Indicators Number of 
interviewees

Direction Quotation Instrumental data C Literature

Changes in wind 
strength or speed

4/2 ◄► “I don’t remember such strong winds. When 
it howls like this, it’s as if the sky were 
falling, tearing down willow branches and 
everything.” (Máris, Éva- 1979; 17 11 
2019)/“It’s not as windy now as it used to be, 
when the wind would blow houses down…” 
(Daradics, Gizella – 1934; 12 11 2019)

The annual wind speed decreased 
significantly in most areas of 
the Romanian Carpathians. 

Eastern Carpathians experienced 
the most significant weakening 
of wind speed.

Oka Cheval et al. 
(2014), Spinoni 
et al. (2015),

Dumitrescu et al. 
(2015) and 
Micu et al. 
(2015)

Changes in the 
number of 
windy days

6/6
100%

▼ “There are fewer now, fewer [windy days]. It 
used to be windier.” (Jánó, Erika – 1992; 28 
10 2019)

There is an increased frequency of 
atmospheric calm because of the 
strengthening of anticyclonic 
activity over the last decades.

Ok Micu et al. (2015)

Change in the 
frequency of 
storms (not 
further specified)

2/1 ▲ “There tends to be stronger winds and storms 
than before. We had them in the past, but 
now they’re more frequent.” (Főcze, Péter – 
1942; 15 11 2019)

No data – –

Changes in the 
intensity of 
windstorms

2/2 ▲ “The wind, it’s brutal. We never really had 
winds strong enough to blow the tiles off the 
houses.” (Főcze, Péter – 1942; 15 11 2019)

More intense wind events can 
be expected over the Central 
Europe in the next decades.

Ok Leckebusch et al. 
(2008)

Changes in the 
frequency of 
lightning and 
thunder

5/2
40%

◄► “I might be wrong to think that there used to be 
more thunder and lightning than there is now.” 
(Tankó, Ilona – 1954; 12 11 2019)/“These huge 
lightning strikes – there are more than there 
used to be.” (Máris, Éva – 1979; 17 11 2019)

No data – –

Changes in the 
frequency of 
hailstorms

5/3
60%

◄► “There’s more hailstorms. As I recall, there 
didn’t use to be so much hail that it would 
stay on the ground and you could gather it 
up, and it would be white in the summer.” 
(Máris, Éva – 1979; 17 11 2019)

No data – –

Changes in the 
intensity of 
hailstorms

3/3 ▲ “Last year we had ice, ice the size of your 
palm, the likes of which no one here has ever 
seen.” (Bukhel, Antal – 1941; 11 11 2019)

No data – –

a  Local farmers disagreed about the change in the wind speed, older informants reported about a decreasing trend, while younger participants observed an increas-
ing speed of wind.
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Table 4.4 � Local observations of climate change impacts perceived by Csángó farmers in Gyimes. Observations of changes in seasonality. See notes in Table 4.1

Indicators Number of 
interviewees

Direction Quotation Instrumental data C Literature

Changes in the 
length/duration/
disappearance 
of seasons

9/9
100%

◄► Spring: “Spring used to last 2–3 months; now it barely 
lasts one.” (Jánó, Erika; 28 10 2019)

Autumn: “When I was a child, we didn’t have such 
long autumns. At this time of the year there would 
already be snow up to our waists.” (László, Csaba – 
1964; 18 11 2019)

No data – –

Changes in the 
timing (onset or 
end) of seasons

12/12
100%

◄► Winter: “Now the real winter doesn’t start until 
January. In the past it would snow at the beginning  
of December, and it wouldn’t melt.” (Bodor, László – 
1976; 16 11 2019) 

Spring: “Spring comes earlier. The way I remember it, 
there used to be so much snow on March 15th that 
people would go up into the woods on sleds. Now 
it’s getting more and more uncommon for there to be 
snow on the ground for that long.” (Tankó, Erzsébet - 
1968, 17 11 2019)

In spring, there is a 
generalized trend towards 
earlier snowmelts all 
over the Carpathians.

The growing season starts 
earlier.

Ok Lakatos et al. 
(2013) and 
Micu et al. 
(2015)

Changes in the 
timing (onset or 
end) of seasons

5/5
100%

◄► “I’ve noticed that the autumn lasts longer. Winter tends 
to extend into springtime. It didn’t use to be like 
that.” (Hajnal, János – 1973; 28 10 2019)

No data – –
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“Spring comes earlier. The grass matures sooner too.” [FGD#2- Bartos, János et al.; 26 01 2020]). 
It is also the case for Fabaceae species that are important for fodder quality. For example, when 
talking about Onobrychis viciifolia, one informant mentioned “It bloomed much earlier than it 
should have. It usually blooms in June, but this time it was in bloom at the end of May. This is 
influenced by the weather.” [Tankó, Júlia – 1977; 11 17 2019]. Rising average temperatures and 
daily maximum temperatures reduce primary biomass production. In the words of one informant: 
“There’s also less hay because of the heat” (FGD#1, Jánó, Béla et al.; 19 01 2020). Changes in the 
temporal distribution of precipitation in summer also result in agricultural drought, as illustrated 
by one informant: “When it’s hot for a month, the water evaporates quickly from the soil. Here, the 
perfect thing for the poor soil would be to have a good rain at least once a week” (Tankó Tímár, 
Attila – 1971; 27 10 2019). As the intensity of summer rainfall increases, a smaller proportion of 
rainwater infiltrates into the soil for use by vegetation, thus exacerbating the effects of agricultural 
drought: “It’s not that soft kind of rain that the ground can soak up; instead, it all pours down at 
once, and then it [the rainwater] runs off. Everything dries out of the earth” (Kondor, Béla – 1954; 
12 11 2019).

To respond to these changes, farmers have changed the timing of grassland management prac-
tices. Grazing animals are put out to pasture earlier in the year. One informant said: “We put them 
[the animals] out to pasture at the end of May. Now we put them out on May 10th, if there’s grass” 
(Kondor, Béla – 1954; 12 11 2019). The haymaking and aftermath harvesting on hay meadows 
also happen earlier in the year, as illustrated by one informant: “Spring starts earlier. Once it has 
grown, it starts to flower, and after that it loses its fodder value. All that’s left is the chaff” (Kondor, 
Béla – 1954; 12 11 2019). As vegetation development accelerates, hay quality rapidly deteriorates: 
“It [the biomass] turns brown quickly. Because it’s hot. Brown grass is like weak straw” (FGD#2- 
Bartos, János et al.; 26 01 2020). Timely mowing of Fabaceae species, particularly Onobrychis 
viciifolia, is important for fodder quality: “Because if it blooms earlier, the flowers drop sooner, 
and if you don’t get out there in time to mow it, it’ll get old and not be as good quality.” (Tankó, 
Júlia – 1977; 11 17 2019).

In arable crop production, agrophenological changes are primarily caused by rising mean an-
nual temperatures, rising mean winter temperatures, and the early onset of spring. Planting of 
potatoes starts earlier: “We used to plant the potatoes between May 10th and 15th. Now we plant 
them in mid-April or even sooner. (…) Spring starts sooner” (Prezsmer, Béla – 1961; 15 11 2019). 
Soil moisture also affects the time of planting:

Now we have to do it sooner, weather permitting, because then the droughts come. In the 
past, we wouldn’t plant the potatoes until after May 10th. But now, we already start thinking 
about it after mid-April. Albeit the ground is still cold, but it’s damp as well. Later it gets 
warmer, but then the plants don’t get enough moisture.

(Kondor, Béla – 1954; 12 11 2019)

Potato production is also hampered by the emergence of new pathogens and pests. One inform-
ant complained: “Some kind of disease hits [the potatoes]. They say it’s the blight [Alternaria 
solani]. There’s a sort of spray against it. (…) The potatoes don’t grow” (Főcze Péter – 1942; 
15 11 2019). Milder winters facilitate the survival of another potato pest which is well-known 
in the Carpathian basin, namely the Colorado potato beetle (Leptinotarsa decemlineata). One 
informant narrated the evolution of this pest “These were unheard of in our childhood. They’ve 
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appeared in the past few years and multiplied. If there’s not a harsh winter, they don’t freeze” 
(Tankó, Erzsébet – 1968; 17 11 2019). Potato growth is negatively affected by changes in the 
weather and pests: “The potatoes don’t get rain when they need it. By that time, the blight and 
the potato bugs will have finished them off…” (FGD#1, Jánó, Béla et al.; 19 01 2020). The crop 
yield has also fallen:

[The potato yield] is much poorer. On our land we used to get twenty sacks of potatoes, 
sometimes more, and now we get half of that. Ten or twelve. Now if you don’t use chemicals, 
you hardly get anything. [In the past] Nobody used to use chemicals, yet they would still get 
potatoes.

(Jánó, Erika – 1992; 28 10 2019)

Work also starts earlier in kitchen gardens, as one informant mentioned: “We used to do the plant-
ing in April, but now we do it in March, if it [the weather] is like that” (László, Csaba – 1964; 18 11 
2019). New species and varieties have also appeared: “Cucumbers, my grandparents always used 
to buy them, but now we can grow a lot of them. The weather can be that much warmer. Because 
you know, cucumbers freeze easily” (Hajnal, János – 1973; 28 10 2019). Some people are even 
experimenting with frost-sensitive fruits: “The priest planted peaches, and they ripened. That had 
never happened before” (Máris, Éva – 1979; 17 11 2019) (Figure 4.4).

Figure 4.4 � The parish priest is experimenting with the planting of new fruit species in his well-kept orchard 
on the south-facing hillside with its warm microclimate. Photo: Dániel Babai.
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Discussion

Subsistence-oriented communities with a direct connection to the environment perceive local cli-
mate change impacts (Reyes-García et  al., 2016, 2023). Based on the observations of Csángó 
farmers, it can be established that the weather in Gyimes has changed significantly in the last three 
decades. The increase of the average temperature, especially in summer and in the winter, the 
decreasing predictability and changing temporal distribution of the precipitation, and the increase 
of the intensity of heavy rainfall events coupled with shifting seasonality (e.g., shorter winter, 
earlier onset of spring) were the most often mentioned indicators of change. All these changes, 
especially phenological and agrophenological changes, have an essential impact on agricultural 
activities. Many local observations are consistent with the trends of instrumental measurements 
published about the Carpathians (cf. Micu et al., 2015; Spinoni et al., 2015). Moreover, the three 
main climate change impacts mentioned by Csángó farmers in Gyimes (i.e., increase in mean 
temperatures, changes in the spatio-temporal distribution, intensity, and predictability of rainfall 
events, and seasonality) are also reported by other communities in the Carpathians (Mattalia et al, 
2024, Chapter 1, this volume) and by numerous subsistence-oriented communities living in differ-
ent biomes (Savo et al., 2016).

The increase in mean temperatures, in particular in summer, and the extremes of daily maxima 
are trends consistently observed by subsistence-oriented communities worldwide (Nakashima &  
Krupnik, 2018; Reyes-García et  al., 2019). The trends, like increasing daily highs, increasing 
lengths, and intensity of warm spells reported by Csángó farmers have been also detected by in-
strumental measurements in several regions of the Carpathians (Busuioc et al., 2010; Melo et al., 
2013; Micu et al., 2015). Csángó farmers report that the minimum temperatures of winter cold 
waves have become drastically milder, with shorter cold wave duration and reduced frequency, 
while daily peak temperatures well above freezing point (even up to 10°C) are becoming increas-
ingly frequent during the winter resulting in sudden melting of snow. Snow cover develops later 
than usual, usually in the second half of December instead of in November, and the snow melts 
earlier. Similar changes are also happening in other regions of the Carpathians (Micu et al., 2015; 
Mattalia et al. 2024, Chapter 1, this volume), in the mountain regions of Bulgaria (Brown & Pet-
kova, 2007), and in the Alps (Marty, 2013). Permanent snow cover has also disappeared, replaced 
in several instances by snow cover of shorter duration. This phenomenon has a significant impact 
on the timing of the onset of spring and the start of the growing season (Menzel et al., 2006; 
Marty, 2013).

Changes in the temporal distribution of precipitation and increases in precipitation intensity 
are also global phenomena locally observed in many parts of the world (Sillmann & Roeckner, 
2008; Savo et al., 2016). These trends have been documented in mountain regions of Europe (Melo 
et al., 2013), and in many regions of Central Europe (Didovets et al., 2019), and they are also pre-
dominant in Gyimes. Local observations indicate that the temporal distribution and the intensity 
of precipitation have changed significantly, while the predictability of precipitation has decreased. 
According to Csángó farmers’ observations, the number of days with precipitation has decreased, 
thus shortening rainy periods and giving rise to periods of drought. Summer rain, which has for the 
most part remained unchanged in terms of quantity, falls less frequently but with greater intensity, 
thus increasing the frequency and destructiveness of flash floods after major storms and the occur-
rence of agricultural (vegetation) droughts with longer rain-free periods.

Some of the farmers interviewed in Gyimes suspect a cyclical nature behind the pattern of 
precipitation distribution and quantity. “There were a few years of normal rainfall and heat, 
then it turned dry, then rainy again. So they alternate,” said one of our informants. Instrumental 
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measurements suggest a similar cyclical change of wetter and drier four-to-five-year periods in the 
rest of Carpathians as well (Micu et al., 2015).

The changing and shifting of the seasons is a globally perceived phenomenon (Savo et  al., 
2016; IPCC, 2021). Changes in temperature and precipitation have also considerably altered the 
normal course of the seasons in Gyimes. Among the most significant changes were the prolonga-
tion of mild autumn, the later onset of winter, and the early onset of spring. These changes have 
an impact on the development of vegetation and thus on the (earlier) start of the growing season in 
spring (Menzel et al., 2006; Cleland et al., 2007).

Changes in the weather are a daily topic of conversation among farmers in Gyimes, which 
might explain the general consensus in the local reports of the direction of trends. The perceived 
impacts affect the development of vegetation and thus the timing and organisation of agricultural 
work, which is also a topic of everyday conversations. With weather becoming less predictable, 
the adaptation of agricultural activities has become crucial (Schlingmann et al., 2021). Locally 
observed climate-related trends generate significant phenological changes and thus affect the crop-
ping calendar (Menzel et al., 2006; Cleland et al., 2007; Savo et al., 2016), as well as weed and 
pest species pool and abundance (Chaudhary & Bawa, 2011). Rising mean temperatures in the  
Carpathians do not yet have a clear documented effect on the phenological state of vegetation (Micu 
et al., 2015), however, the observations made by Csángó farmers in Gyimes show the impact of 
climate change on vegetation phenology in this area: keystone species such as grasses (Poaceae) and 
Onobrychis viciifolia bloom earlier, thus bringing forward the time of mowing (Babai et al., 2021).

Climate change impacts on seasonality also affects the agrophenology of crop production in 
both field and horticultural cultivation. The timing of important agricultural activities, such as till-
age or harvesting, changes (Menzel et al., 2006; Lavalle et al., 2009). In Gyimes, it is mainly the 
sowing and the harvesting dates that have changed for potatoes and cabbage (Brassica oleracea 
convar. capitata).

Climate change, especially increasing droughts, both globally and locally, negatively affect 
biomass quality and production (Sherwood & Fu, 2014). Farmers in Gyimes reported similar 
experiences, specifically with regard to the yield of the hay meadows. Globally, there is a trend 
of declining crop production, partly due to the effects of climate change, especially in rain-fed 
agriculture (Savo et  al., 2016). Increases in mean temperatures may also translate into longer 
growing seasons and the cultivation of new varieties (e.g., Labeyrie et al., 2021). However, this 
can also have a positive effect on pests (Bale & Hayward, 2010): populations of previously present 
pests increase or new pest species emerge (Lama & Devkota, 2009). In Gyimes, the increase in 
mean winter temperatures helps pests to overwinter more successfully (e.g., the Colorado potato 
beetle) (Reedy et al., 2014). Furthermore, as in other regions of Romania (Fleşeriu et al., 2013), 
an increase in mean summer temperature or a change in the distribution of precipitation has also 
resulted in the emergence of Alternaria solani and a drastic reduction in potato yield. As most 
Csángó farmers reject chemical treatments, there is currently no solution to prevent and treat the 
disease, and local farmers have to buy potatoes on the market. The fluctuating trend of the yield 
is in line with the increasing variability in crop yields throughout Europe, as a consequence of 
extreme climatic events (Lavalle et al., 2009).

Conclusion

Local observations of climate change impacts on elements of the atmospheric system in the  
subsistence-oriented community of Valea Rece mainly refer to changes in mean temperature, temporal 
distribution and intensity of precipitation, and seasonality. These observations of key indicators are  
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globally observed by local communities and appear to be common, which may indicate either the 
culture-independent nature of communities’ cognitive perceptions of climate change or the biased 
nature of climate change research. However, trends in observations are often consistent with reports 
from instrumental measurements, suggesting that observations from communities in direct contact 
with the natural environment are reliable, which provide a strong basis for adaptive responses.

Observations made by local communities in mountain regions and their knowledge of local 
ecology help in understanding climate change and its consequences, especially with regard to the 
management of plant and animal species, habitats, and resources of importance to the community. 
This empirical knowledge will support subsistence-oriented communities’ coping strategies and 
adaptive responses to the challenges created by climate change.
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Introduction

Mountainous areas occupy more than 30% of the Earth’s surface, where 10% of the world’s 
population lived in 2010 (Jones & O’Neill 2016). Mountains are home to a great diversity of 
ecosystems across different altitude ranges. Mountains also provide significant ecosystem 
services, including the provision of fresh water and raw materials, with high mountain ranges 
being essential reservoirs of hydric resources, both locally and for neighbouring regions (Payne 
et al. 2020; IPCC 2021). In mountain areas, changes in the atmospheric system disproportionally 
affect the physical, biological, and human systems. Indeed, mountain ranges are considered hot 
spots of climate change due to the intensity and visibility of its effects, which are further amplified 
through cascading effects (IPCC 2021; Pörtner et al. 2021).

Cascading effects are a well-known phenomena in ecology and ecosystem services studies 
(Rocha et al. 2018; Bahlai et al. 2021), as well as in resilience, sustainability and social-ecological 
frameworks (Burton et al. 2020; Haro-Monteagudo et al. 2020). Cascading effects are dangerous, 
as they can contribute to reaching tipping points that trigger regime shifts in ecosystems and cause 
extinctions (Krönke et al. 2020; Armstrong Mckay et al. 2022). Examples of cascading effects are 
decreases in soil humidity generated by precipitation decrease (Seneviratne et al. 2010), which in 
turn affects the growing rate of wild plants (Inouye & Wielgolaski 2013), which affects wild fauna, 
through the reduction of the abundance and quality of pastures (He & Richards 2015).

In the quest to better understand how climate change impacts propagate through the system, 
researchers have advocated for the need to include Indigenous and local knowledge (ILK) as an 
alternative, but equally valid, source of knowledge (Ford et al. 2016; Reyes-García et al. 2019; 
García-del-Amo et al. 2020). Indigenous Peoples and local communities (IPLC) have developed a 
deep understanding of the ecological relations in the ecosystems that sustain them, which allows 
them to detect changes in elements of their social-ecological systems (Smith & Sharp 2012; Hu et al. 
2020) including changes in extreme temperatures or the frequency and length of hot or cold waves 
(Plummer et al. 2014), changes in temporal and spatial rainfall distribution (Gurgiser et al. 2016; 
Fassnacht et al. 2018), or changes in the predictability of rainfalls (Sowman & Raemaekers 2018).  

This chapter has been made available under a CC-BY-NC-ND license.
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Moreover, the holistic nature of their knowledge systems allows IPLC to perceive how changes 
in the atmospheric system propagate to the physical, biological, and human components of their 
social-ecological system (Weatherhead et al. 2010). Few studies, however, have systematically 
analysed how IPLC perceive cascading effects originally triggered by climate change. Analysing 
the relations among locally perceived climate change impacts might allow to identify the most 
vulnerable elements, but also the triggering impacts of these cascading effects and the intermedi-
ate, and sometimes apparently unconnected, cascading impacts that can generate regimen shifts in 
ecosystems (Rocha et al. 2018; Collins et al. 2019).

To test this idea, in this study we assess: (1) what are the triggering climate change impacts with 
highest negative repercussions on agropastoral activities reported by local communities of Sierra 
Nevada, a mountain region of Spain, and (2) what are the cascading effects triggered by these im-
pacts. Given that local knowledge systems are patterned by sociodemographic characteristics of 
informants (Benyei et al. 2020; García-del-Amo et al. 2023), we compare information reported by 
people devoted to agropastoral activities with information reported by local inhabitants not fully 
devoted to the primary sector. We explore our data using network analysis (NA), which has been 
broadly used in social-ecological systems research (Calvet-Mir & Salpeteur 2016).

Methodology

Sierra Nevada as a social-ecological system

We conducted research in Sierra Nevada, the most southern mountain region of Europe, located 
in a semi-arid region of Spain. Sierra Nevada displays a cold climate with cold and dry summers, 
presenting large thermal variations. Rainfall is scarce, with most precipitations concentrated in 
winter and spring. Historically, Sierra Nevada was characterised by the presence of permanent 
snow, with several snowfields and permafrost areas on the summits (Oliva et al. 2018). Because of 
its biophysical characteristics, Sierra Nevada has become one of the most important biodiversity 
hot-spots of Europe and the Mediterranean basin (Blanca et al. 2001), leading to the recognition of 
the territory as a Natural Park (1989), a National Park (1999), and/or a Biosphere Reserve (1986), 
the latter recognizing the importance of local management in biodiversity maintenance.

Indeed, since the Islamic period in the 8th century, local inhabitants have transformed the ter-
ritory through the construction of a network of water ditches dug on the ground (acequias), which 
collect melting water from the summits and canalise it along the slopes to the villages and agri-
cultural fields (Pulido-Bosch & Sbih 1995; Martos-Rosillo et al. 2019). This water management 
system increases water infiltration, recharging the aquifers and increasing the availability of water 
during summer. The system also reduces soil erosion, favours the existence of flora species with 
higher water requirements, and makes possible agriculture in a slope area (Martos-Rosillo et al. 
2019). Communities sharing irrigation sources have created management rules to ensure water 
equitable distribution and use. Such knowledge is an essential component of the local knowl-
edge system, allowing the formation of a unique social-ecological system (Blondel 2006; Iniesta- 
Arandia et al. 2014).

As other mountain regions, Sierra Nevada has recently experienced profound economic, social, 
and ecological changes. Modernization made the traditional mountain agricultural system non-
profitable economically. This fact triggered the abandonment of lands and the rural exodus dur-
ing the second half of the 20th century (García-del-Amo et al. 2022). The declaration of the area 
as Natural and later as National Park resulted in further land use changes, as these conservation 
measures restricted local uses (Zamora et al. 2016). Climate change has also affected the region 
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in many ways. Rainfall reduction and temperature increase drastically reduce hydric resources, 
extending drought periods (Zamora et al. 2017). Snowfields no longer last all summer, permafrost 
areas have disappeared (Oliva et al. 2018), and several springs and wells dried some years ago. 
All these changes impact high mountain meadows, the abundance and distribution of species, and 
phenological cycles, but they also threat the continuity of livelihoods based on agriculture, pasto-
ralism, and beekeeping (García-del-Amo et al. 2022).

Data collection and coding

From June to December 2018, we conducted 238 surveys in 33 villages of Sierra Nevada apply-
ing a purposive sampling. Selected villages had similar social and environmental characteristics 
(villages with more than 300 inhabitants located over 500 metres above sea level). We aimed to 
compare the network of climate-related cascading effects perceived by people directly involved in 
agropastoral activities (i.e., farmers, shepherds, ranchers, and beekeepers, hereafter experts; n = 175)  
with the network perceived by inhabitants having professions not related with agropastoral ac-
tivities (hereafter non-experts; n = 63). We used a combination of snowball and quota sampling 
techniques (Shively 2011), and we only interviewed people who had lived in the area for at least 
25 years.

All participants responded to a survey asking to identify the five changes with largest nega-
tive repercussions on their agropastoral activities. Participants selected impacts from a previously 
prepared list of 95 climate-related environmental changes potentially occurring in Sierra Nevada 
(see García-del-Amo et al. 2023 for details). In the reference list, climate-related changes were 
classified considering whether they affected elements of the atmospheric, the physical, the biologi-
cal, or the human system (Reyes-García et al. 2019). The classification further divides these four 
systems in subsystems. Thus, the atmospheric system includes four subsystems (i.e., temperature, 
precipitation, air masses, and seasons). In turn, the temperature subsystem includes three impacted 
elements (i.e., mean, extreme, and seasonal temperature), and each impacted element is composed 
of a different number of indicator categories. Similar observations were grouped together and 
translated into standardised indicator categories, which were called “Local Indicators of Climate 
Change Impacts” (LICCI). For example, “now rain is harder and more dangerous” and “rain is 
very destructive nowadays” were classified as the LICCI “Changes in the intensity / strength of 
heavy rainfall events”. Following the hierarchical categorization, this LICCI was classified into 
the impacted element “extreme precipitation”, which belongs to the subsystem “precipitation”, 
and the system “atmospheric”.

For each of the five LICCI with largest negative repercussions on agropastoral activities men-
tioned, we asked the informant (a) to provide a description of further impacts (i.e., cascading 
effects) and (b) to name the two main drivers of the impact. In the analysis that follows, we only 
used information on impacts attributed to climate change.

Descriptions of further impacts generated by the five selected impacts were noted verbatim 
and later coded as LICCI using the same protocol (i.e., Reyes-García et al. 2019). We also coded 
reported relations between different components of the system and used that information to dif-
ferentiate between triggering and cascading impacts. We refer to triggering impact as the LICCI 
generating a cascading effect, to cascading impact as the LICCI receiving the impact, and to cas-
cading effect as the relation between triggering and cascading impacts. As descriptions normally 
included more than two LICCI, some elements appear both as triggering and cascading impacts. 
After analysing all responses, we found six indicators of climate change impacts that were not in-
cluded in the list of 95 LICCI used in the survey, for which our final list for analysis has 101 LICCI.
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Data analysis

We used network analysis to explore relations between reported impacts. To ease visual represen-
tation, we analysed data at the impacted element level. The 101 LICCI mentioned correspond to 
46 impacted elements. We then created a one-mode adjacency matrix in which rows and columns 
are the list of impacted elements (46 ∙ 46), which represent the nodes of the networks, which we 
called “climate change networks” (CCN). Impacted elements placed in the first cell of the rows 
represent triggering impacts and impacted elements placed in the first cell of the columns represent 
cascading impacts. Cells in the matrices contain the number of respondents mentioning a cascad-
ing effect between the elements in the corresponding row and column. Those values represent the 
tie strength between the nodes of the network and capture the direction of the relation. Thus, a tie 
indicates that a node triggers the impact mentioned in the receiving node. A node is considered 
“active” if at least one of its cells is different from zero. The thickness of the ties was rescaled to a 
score from one to three for visualization.

For each network, we calculated four measures. We calculated network density, representing the 
number of ties (cascading effects) in the network expressed as a proportion of the maximum pos-
sible number of ties, where “1” signifies a fully connected network (Borgatti et al. 2018). We also 
calculated three network centralization measures, that is, network indegree, network outdegree, and 
network betweenness. Network centralization degrees (i.e., indegree and outdegree) of valued ma-
trices consider the sums of the values of the ties of each node to give the overall network centraliza-
tion measure. These measures basically quantify how dispersed are the centralities of the network, 
with higher scores meaning that a few central nodes generate most of the connections by emitting 
(network outdegree) or receiving (network indegree) ties from the rest of the nodes. Network be-
tweenness quantifies the grade of modularity of the network, that is, how much each small group (or 
module) contributes to minimize the distance between modules in the network (Borgatti et al. 2018).

To analyse nodes’ interactions, we calculated three centrality scores for each node. The out-
degree score of a node represents the number of outcoming ties from a node; here indicating the 
number of respondents reporting cascading effects triggered by node. The indegree score of a 
node represents the number of incoming ties received, signifying the number of people reporting 
cascading effects affecting it. Finally, the betweenness score of a node represents its degree of 
intermediation, that is, the proportion of all the shortest paths between two nodes of a network that 
pass through the node, indicating the frequency with which an impacted element is included in the 
description of cascading effects as an intermediate step (Borgatti et al. 2018).

We conducted separate analyses for the group of experts (n = 175) and non-experts (n = 63). As 
the two samples differ in sizes, we normalized data to be able to compare results from statistical 
analysis. To compare the visual representation of the two groups, in the CCN of experts, we only 
represented relations perceived by three or more people. We compared networks of both groups 
of participants analysing densities, network centralization measures, and centrality degree scores 
of their nodes. All statistical analyses were conducted with SPSS version 22 and UCINET ver-
sion 6.721 (Borgatti et al. 2002). Network diagrams were carried out with NetDraw version 2.168 
(Borgatti 2002).

Results

Across survey responses (238 respondents * five impacts), 67.65% of the environmental changes 
reported were climate related. The group of experts reported 69.7% (n = 601) of responses as 
climate-related, whereas the group of non-experts reported 64.8% (n = 204). Considering only 
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impacts perceived as climate-related, the compiled list of triggering and cascading impacts in-
cludes 75 (74.3%) of the 101 LICCI considered. Experts included 69 LICCI and non-experts 
included 52 LICCI, representing 36 and 32 impacted elements, respectively.

The experts’ CCN included 36 active nodes and 1,017 cascading effects (ties), corresponding 
to a normalised score of 50.2 ties, with an average of 5.8 ties/respondent. The non-experts’ CCN 
included 32 active nodes and 276 ties, corresponding to a normalized score of 38.3 ties, with an 
average of 4.4 ties/respondent. The normalized value of the network density score of experts’ 
CCN (0.491) was higher than the same value for the non-experts´ CCN (0.133), implying that 
experts reported more connections among climate change impacts than non-experts. Network 
centralization outdegree scores of experts’ (5.19%) and non-experts’ CNN (3.97%) were lower 
than network centralization indegree scores (9.28% and 8.38% respectively), indicating that both 
groups do not report a clearly defined core group of nodes triggering most cascading effects. 
Instead, they report a group of nodes receiving a higher concentration of cascading effects. The 
non-experts’ CCN showed a lower network centralization betweenness score (1.64%) than the 
experts’ CCN (8.49%), suggesting that non-experts reported less intermediate cascading impacts 
than experts.

Regarding node measures, nine out of the ten triggering impacts with the highest outdegree 
scores, that is, reported by more respondents as triggering cascading effects, were the same in 
the experts’ and non-experts’ CCN (Table 5.1). Overall, elements of the atmospheric and physi-
cal systems were most often reported as triggering further impacts. These included Fresh water 
availability, Mean precipitation, Seasonal precipitation, Extreme temperature, Snowfall and snow 
cover, and Duration and timing of seasons. The impact of changes in freshwater availability on 
crop production was the cascading effect most cited by both groups (Figure 5.1). However, both 
groups also reported that Cultivated spp-diseases/pest/mortality, one of the ten nodes most cited, 
triggered changes on Cultivated spp productivity and quality. Some of the triggering impacts with 
the highest outdegree score are also impacted by other nodes. However, experts reported more 
triggering impacts simultaneously generating cascading effects than non-experts. For instance, the 
group of experts reported cascading effects coming from seven different triggering impacts affect-
ing Wild flora phenology, while non-experts reported only two (Figure 5.1).

Five of the ten nodes with the highest indegree scores (i.e., listed as cascading impacts) appear 
in both the expert and the non-expert CCN. Moreover, both experts and non-experts considered 
Cultivated species productivity and quality and Freshwater availability as the nodes receiving the 
most impacts from cascading effects. However, experts included Wild flora phenology and seven 
elements from the human system among the ten most prominent cascading effects. In contrast, 
non-experts considered four elements of the human system as most prominent and reported Hu-
man health as the fourth most impacted cascading impact (Table 5.1). Other impacted elements 
with high indegree scores belong to the physical system and particularly refer to the water cycle 
(i.e., Drought, Mean river flow, Snowfall and snow cover). In the CCN of experts, there is a higher 
variety of cascading effects on elements of the biological and human systems than in the CNN 
of non-experts. Moreover, in CCN of non-experts, Wild flora disease, pest and mortality and Ter-
restrial fauna abundance are only reported as triggering impacts affecting Human health, whereas 
Livestock phenology and Livestock productivity and quality are reported only to be affected by 
Extreme temperatures (Figure 5.2).

The experts and non-experts’ CCN shared six out of the ten nodes with the highest betweenness 
scores (i.e., listed as cascading impacts). These included impacted elements related to the water 
cycle, which also had a high indegree score (i.e., Drought, Freshwater availability) (Table 5.1). 
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Table 5.1 � Ranked list of ten impacted elements with the highest node outdegree (i.e., number of impacts triggered by a node), indegree (i.e., number of impacts 
received by a node), and betweenness scores (i.e., number of times a node rests on a short path connecting two other nodes which are disconnected) 
in experts’ and non-experts’ climate change networks (CCN)

Rank Node outdegree Node indegree Node betweenness 

Experts Non-experts Experts Non-experts Experts Non-experts
1 Fresh water 

availability
Freshwater 

availability
Cultivated spp.-productivity 

and quality
Cultivated spp.-

productivity and quality
Pasture-availability and 

productivity
Freshwater 

availability
2 Mean precipitation Mean 

temperature
Freshwater availability Freshwater availability Terrestrial 

fauna-distribution
Snowfall and snow 

cover
3 Seasonal 

precipitation
Seasonal 

precipitation
Pasture-availability and 

productivity
Cultivated spp.-diseases/

pest/mortality
Freshwater availability Pasture-availability 

and productivity
4 Extreme 

temperature
Extreme 

temperature
Cultivated spp.-diseases/

pest/mortality
Human health Livestock-productivity 

and quality
Duration and 

timing of seasons
5 Snowfall and snow 

cover
Snowfall and 

snow cover
Livestock-disease/pest/

mortality
Duration and timing of 

seasons
Cultivated spp-

productivity and quality
Soil moisture

6 Seasonal 
temperature

Mean 
precipitation

Livestock-productivity and 
quality

Cultivated spp.-phenology Cultivated spp.-diseases/
pest/mortality

Drought

7 Mean temperature Drought Drought Drought Drought Extreme 
temperature

8 Duration and 
timing of seasons

Mean river flow Wild flora-phenology Mean river flow Seasonal precipitation Terrestrial 
fauna-distribution

9 Drought Cultivated spp.-
diseases/pest/ 
mortality

Pasture-composition and 
quality

Snowfall and snow cover Wild flora-phenology Cultivated spp.-
diseases/pest/ 
mortality

10 Cultivated spp.-
diseases/pest/
mortality

Duration and 
timing of 
seasons

Cultivated spp.-phenology Pasture-availability and 
productivity

Mean river flow Wild 
flora-phenology
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Figure 5.1 � Representation of the climate change network (CCN) centralization outdegree of (a) experts  
(n = 175) and (b) non-experts (n = 63).

Note: To balance sample sizes, experts´ CCN only represents cascading effects perceived by at least three respondents. 
Size of nodes represents the centrality outdegree score of each node. Line thickness represents the strength of the tie 
based on the number of respondents that mention the cascading effect on a scale from 1 to 3.

Figure 5.2 � Representation of the climate change network (CCN) centralization indegree of (a) experts (n = 175)  
and (b) non-experts (n = 63). See note in Figure 5.1.
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Both groups perceived Pasture availability and productivity and Cultivated spp. disease, pest, and 
mortality as impacted elements with high betweenness scores, representing a fundamental place 
in the network due to the several cascading effects that are receiving and their own cascading im-
pacts. Similarly, for the two groups, Terrestrial fauna distribution and Wild flora phenology were 
among the ten nodes with the most important intermediate positions in their networks (Figure 5.3). 
Finally, the group of experts and non-experts respectively reported that seven and six of the nodes 
with highest betweenness score were also among those with the highest indegree scores. However, 
experts’ CCN shows a higher interconnection among all nodes, with most of them receiving or 
generating at least two cascading effects. In the experts’ CCN, only three nodes are connected to 
the network through one tie, whereas in non-experts’ CCN eight nodes are connected only by one 
tie, showing a weaker interconnection among network nodes and explaining their lower network 
centralization betweenness score. Although both groups shared six out of the ten cascading im-
pacts with the highest betweenness score, non-experts emphasized elements of the physical and 
atmospheric system as fundamental intermediate cascading impacts, being Freshwater availability 
and Snowfall and snow cover those with the highest betweenness scores (Figure 5.3). In contrast, 
the group of experts perceived Pasture availability and productivity and Wild fauna distribution 
as those intermediate cascading impacts with the highest betweenness score, thus giving a higher 
importance to elements of the biological and human systems in these intermediate positions.

Discussion

We derive four main findings from the work presented here. Our first finding is that Sierra 
Nevada inhabitants report a large number and variety of climate change impacts affecting their 
social-ecological system and livelihoods. In fact, respondents reported climate change impacts 

Figure 5.3 � Representation of the climate change network (CCN) centralization betweenness of (a) experts 
(n = 175) and (b) non-experts (n = 63). See note in Figure 5.1.
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that were not proposed in the survey, showing a deep level of understanding of the social- 
ecological system. These findings are neither surprising nor new, as it is increasingly acknowl-
edged that people with a long history of interaction with the environment observe detailed 
changes in their social-ecological system (e.g., Hansen et  al. 2016; Díaz et  al. 2019; Reyes-
García et al. 2019). Nevertheless, they contribute to this research line by emphasizing the value 
of local knowledge systems.

Second, our methodology allowed us to identify the main climate-related changes observed 
in Sierra Nevada as triggering additional changes in the social-ecological system. Mainly, ele-
ments of the atmospheric and physical system are seen as triggers of changes in elements of the 
biological and human systems. Indeed, changes in the amount of permanent snow (Uprety et al. 
2017; Panikkar et al. 2018; Lippi & Sanfilippo 2024), in the frequency and intensity of snowfalls 
(Wilson et al. 2015; Babai 2024; Lippi & Sanfilippo 2024), and in freshwater availability (Ingty 
2017; Izquierdo & Schlingmann 2024; Mwangi et al. 2024) are climate change impacts recurrently 
reported in mountain areas because of their cascading effects. As reported by IPLC in other areas 
of the world (Babai 2024; Carmona 2024; Izquierdo & Schlingmann 2024; Mattalia et al. 2024; 
Mwangi et al. 2024) and by the scientific community in Sierra Nevada (Hódar & Zamora 2004; 
Ros-Candeira et  al. 2019), our respondents also see temperature increase as a trigger of other 
changes. Thus, according to our respondents, changes in mean and extreme temperatures affect 
the quantity, quality, and the survival of crops and orchards, the phenology of crops and wild flora 
and fauna, and livestock diseases and mortality.

Among the changes that seem to be triggered by a large diversity of impacts, we recorded 
elements of the human system related to crops, livestock, and pastures, but also elements of the 
physical system such as changes in freshwater availability and rivers’ flow. Changes in productiv-
ity, appearance of diseases and pests in crops, pastures and livestock, and phenological changes 
are climate change impacts also reported by many other communities in mountain areas (Uprety 
et al. 2017; Babai 2024; Mattalia et al. 2024). Moreover, the group people directly involved in 
agropastoral activities (i.e., experts) also mentioned changes in wild flora phenology among the 
most impacted elements, showing high awareness of changes in elements of the biological system. 
Local knowledge about the relations between atmospheric factors and wild and domesticated spe-
cies is increasingly evident in the literature, with many examples of IPLC observing phenological 
changes in their agricultural calendars (Miara et al. 2022), or unusual behaviour of animals and 
plants to make weather forecasts and predict the intensity or duration of the rainy season or dry 
periods (Castillo & Ladio 2018; Balehegn et al. 2019).

The third important finding of this work refers to the fact that some of the elements mentioned 
as being most impacted also play a key intermediate role in maintaining the network structure. In-
deed, key intermediate nodes have connections with many other nodes in the network, potentially 
amplifying cascading effects. This is the case of Crops, Livestock, and Pasture productivity, Culti-
vated spp disease, pest, and mortality, and Wild flora phenology but also of Freshwater availabil-
ity, Mean river flow and Drought. For example, shepherds, ranchers, and beekeepers mentioned 
that changes in temperature, precipitation and snow, and ice duration but also changes in elements 
of the biological system impact pastures. The rapid disappearance of pastures, in turn, impacts 
livestock, all together putting at risk the future of pastoralism in Sierra Nevada. In practical terms, 
this finding calls for attention to the maintenance of traditional irrigation systems, which – for 
centuries – have allowed the supply of water to agricultural and inhabited areas on the slopes of 
the mountain, while maintaining the state of the high mountain meadows during the summer, fa-
vouring a large biodiversity of wild flora, and offering water for wildlife and livestock of the local 
population (Pulido-Bosch & Sbih 1995; Martos-Rosillo et al. 2019).
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Other elements with an important intermediate key role include changes in Terrestrial fauna dis-
tribution, which could result in potentially severe consequences for the social-ecological system, if 
not considered also as a priority. For example, participants mentioned that water scarcity in the high 
areas of Sierra Nevada is leading wild boars and mountain goats to lower areas, where they invade 
crop fields to feed and drink. A similar situation has been reported for reindeers in Norway, elephants 
in India, or wild carnivores in other areas of the world (Pecl et al. 2017). Importantly, this change in 
wildlife behaviour favours the transmission of diseases to livestock (Martínez-Guijosa et al. 2021), 
resulting in the slaughtering of livestock avoiding transmission to the human population.

The last important finding of this work is that people directly involved in agropastoral activities 
(i.e., experts) reported more climate change impacts, cascading effects, and synergistic interactions 
than people not directly involved (i.e., non-experts). Despite similarities between both groups re-
garding triggering impacts from the atmospheric and physical systems, experts identified more 
cascading effects on elements of the biological systems and described more relations between 
network nodes than non-experts, thus denoting a deeper understanding of ecological functioning 
of the local ecosystems. In contrast, non-experts focused their attention on elements of the human 
system, describing fewer cascading effects, directly relating triggering impacts of the atmospheric 
and physical system to elements of the human system. In addition, non-experts gave much impor-
tance to impacts on human health, suggesting a more anthropocentric vision of the Sierra Nevada 
social-ecological system than experts. This result correlates with a recent study showing that peo-
ple in Sierra Nevada with life-long bonds with the environment and higher connection and depend-
ence upon ecosystem services report more climate change impacts (García-del-Amo et al. 2023).

Conclusion

Local communities in Sierra Nevada report a great variety of climate change impacts that nega-
tively affect their livelihoods. Beyond adding to the growing number of works pointing at the 
importance of local knowledge systems, our findings might inform local policies. For example, 
identifying which climate change impacts generate more cascading effects can help in the design 
of management plans that minimize the effect of such changes to maintain the resilience of the 
social-ecological system. We present three specific ways in which our results can contribute to lo-
cal policies both in Sierra Nevada and beyond.

First, local communities have identified the changes that most strongly impact them. This in-
formation can help design priorities in local adaptation plans. For example, changes in freshwater 
availability consistently appear as the triggering impact with the strongest effect in Sierra Nevada, 
for which further efforts should be done to protect water networks. Importantly, because Sierra 
Nevada should be understood as a social-ecological system, protection should include not only the 
biophysical but also the associated human component, such as irrigation communities.

Second, the network structure found suggests the interrelated nature of impacts across elements 
and the critical situation described by respondents, as many key intermediate elements are also 
those receiving more impacts. The holistic nature of local knowledge systems allows a deeper 
understanding of local climate change impacts. Giving priority to addressing these impacts in the 
design of adaptation plans could contribute to preserving the sustainability of Sierra Nevada.

Finally, our results also show intracultural differences in local knowledge. Local inhabitants 
with a dilated experience in agricultural and livestock activities like shepherds, ranchers, beekeep-
ers, and members of irrigation communities are valuable holders of knowledge. Recognizing and 
integrating them into future co-management climate change research and adaptation plans for the 
region should be a priority.
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6
CLIMATE AND ENVIRONMENTAL 

CHANGE PERCEPTIONS
A case from rural Sicily, Italy

Vincenza Ferrara and Johan Lindberg

Introduction

Climate in the Mediterranean region has always been characterised by large spatial and temporal 
variability (Peyron et al., 2013). Located in such a complex area in terms of climatic regimes, 
the island of Sicily has not been spared by climate change. Calculated trends in historical rainfall 
provide evidence of a general decrease in precipitation (Liuzzo et al., 2016) and an increase in 
warming, with a steepness during the last 25 years (Viola et al., 2014). Such changes are expected 
to have great impacts on the island. Increasing temperature will bring aridity and an increase in the 
frequency and intensity of short precipitation extremes (Forestieri et al., 2018). Severe changes are 
also foreseen in plant phenology and physiology, species distribution, communities’ interactions, 
and structural and functional heterogeneity in ecosystems and agroecosystems. Such ecological 
responses to climatic changes will be strictly linked to a loss of biocultural diversity, the biophysi-
cal traits of an area defined by past and present human practices (Baiamonte et al., 2015; Ferrara 
et al., 2020). Uncomfortably uncertain about their future, local communities in rural Sicily are 
thus today in the midst of the progressive degradation of their biocultural heritage, while suffering 
from serious marginalisation due to contrasting and simultaneous processes of rural depopulation 
and land abandonment, agricultural intensification (Rühl et al., 2011; Veneziano, 2011; Brando-
lini et al., 2018; Ferrara et al., 2022), and increasing urbanisation and pollution trends (Rapporto  
Ambientale – VAS PSR Sicilia, 2014/2020).

What can the analysis of the local impacts of climate and environmental change tell us about 
these ongoing dynamics? When attempting to understand how climate affects a society, scale mat-
ters. We may ask, for instance, what is the influence of current dominant global change drivers 
(i.e., climate warming and land-use change) on plant communities at a local scale over decennia? 
Or we could extend the time lags and consider the response of plants to environmental change 
over a longer time period. Relationships between timescales can provide unique insights into the 
impacts of climate variability over land. Historical ecology reminds us that downscaling climate 
to the specific location (place) during the period in which the community under study lived (time) 
and in the contexts of their experiences (stored in traditional knowledge and genetic evolution) 
may be a suitable inquiry approach (Rivera-Collazo, 2022; Whitaker et al., 2023). In historical 
ecology, the timeframe for ecological studies covers different time scales (decennia, centuries, 
millennia, Vellend et al., 2013; Beller et al., 2020; Crumley, 2021) and past variability in most 
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ecosystems (Swetnam et al., 1999) is seen as non-stationary (Safford, 2008). Historical ecology 
shifts baselines, putting ecosystems and landscapes in a nonequilibrium state, where different tem-
poral and spatial scales co-exist at once (Crumley, 1995). In such a framework, change in general, 
among which climate change, cannot be approached as something happening with the same inten-
sity at different space-time scales, but it needs to be context- and scale-specific. For this reason, a 
historical ecology approach impels us to cultivate a sense of social and ecological context.

This chapter looks at climate and environmental changes as reported by locals in a fluvial sys-
tem of central Sicily, the Morello Valley, and compares these local reports with temperature and 
rainfall data collected by meteorological stations in loco. Then, inspired by historical ecology, the 
chapter further frames and discusses the results of a longer-term reconstruction of the climatic, 
environmental and societal past of this part of Sicily, covering the entire Holocene. Conclusions 
highlight the importance of multi-causal explanations when approaching climate and environmen-
tal change. Such multi-causal explanations should incorporate long-term socially accumulated 
ecological knowledge with scientific evidence on different timescales, always taking into account 
how the influence of climate on society strongly depends on a combination of ecological dynam-
ics, relational and societal conditions, place geography, and historical circumstances.

Data and methods

This study is part of a cross-disciplinary research project on the biocultural heritage of Sicilian 
olive trees, funded by The Swedish Research Council for the period 2020–2024 and aiming to 
investigate how remnants of ancient agrosystems still present on the island may offer insights 
to tackle adaptation challenges of agrobiodiversity in the near future. The data presented and 
analysed in this chapter have been collected within a collaboration with the ‘Local Indicators of 
Climate Change Impacts: the contribution of local knowledge to climate change research’ project.

Study area

Fieldwork was conducted by the lead author in the villages of Calascibetta, Villarosa and Vil-
lapriolo, located in the Morello valley (Figure 6.1), a fluvial system inhabited since prehistory. 
Numerous archaeological sites testify sophisticated agricultural and production activities back to 
the fourth millennium B.C. (Giannitrapani et al., 2014). Water availability thanks to the presence 
of the Morello river favoured pastoralism and agriculture. Additionally, the central location of the 
valley in the island facilitated trade and a soil rich in sulphur gave rise to mineral extraction activi-
ties (Giannitrapani, 2015).

Early Neolithic groups, mainly dedicated to nomadic pastoralism, developed into complex  
socio-cultural and economic communities during the Bronze Age (third mill. BC), and their presence 
continued to be attested throughout Antiquity. Settlements were progressive abandoned during late 
Antiquity and early Middle Ages due to historical events such as the fall of the Roman Empire, the  
Muslims invasion and the Norman conquest. During the 9th century AD, one of the three villages 
in the case study area, Calascibetta, was founded as a Muslim military camp. Successive aban-
donment of rural sites due to Middle Ages disruptions (e.g., plagues, wars, demographic crises) 
resulted in the consolidation of extensive feudal estates that, from around the 15th century, focused 
mainly on cereal production (Pluciennik et  al., 2004). A significant colonisation movement in 
the inner areas accompanied this early modern reorganisation of land use, particularly during the 
16th–17th centuries (Davies, 1983; Pluciennik et al., 2004). Many new villages were established, 
dedicated to cereal production and strictly related to the rise of new land-owning families, who 
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controlled the peasant population and their labour, as well as earnings from agriculture and other 
business (Davies, 1983). The latifundia were banned at the end of the Second World War. Nonethe-
less, the subsequent redistribution of land to peasants did not help the agricultural development of 
the area. Devastated by the war and affected by the contemporary collapse of the sulphur mines, 
the area was hit by a severe migration flow (Aymard & Giarrizzo, 1987) that persists today (e.g., 
151.4% is the latest incidence rate for the village of Villarosa, Fondazione Migrantes 2022). De-
spite the severe abandonment of the rural areas, some small-scale agricultural activities persist, 
mainly non-irrigated mechanised cereal fields, olive cultivation and livestock (Ferrara et al., 2022).

Data collection and analysis

Data collection and analysis took place in 2020 and 2021, and it involved

1	 The collection of local observations of climate and broader environmental changes;
2	 The comparison of the local perceptions with trends in time series of weather data (temperature 

and rainfall) for the period January 1924–July 2021.

Collection of local observations of climate and broader environmental changes

To collect local observations of climate and broader environmental changes in the case study area, 
we conducted semi-structured interviews and focus groups, following a standardized framework 
to document local observation of climate and environmental change (Reyes-García et al., 2023).

Figure 6.1 � Morello Valley study area (Geodata and ortophoto: Sistema Informativo Territoriale – Regione 
Sicilia; Archaeological dataset: Enrico Giannitrapani; basemap Esri).
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For the semi-structured interviews, “quota sampling” was used, interviewing different inform-
ants in terms of gender, age and livelihood. The semi-structured interviews (n = 25) covered sea-
sonal calendars and local ecological knowledge on the main agricultural crops and practices of the 
area, observed environmental and climatic changes, and their perceived causes and drivers.

Semi-structured interviews were followed by three focus groups discussion (FGD), one in each 
village, for a total of 18 participants, six on each FGD. The selection of informants was done 
through convenience sampling, with the aim to interview the most knowledgeable people (lo-
cal experts), and aiming to capture diversity in terms of livelihood activities and expertise (with 
special preference to elders). The FGDs aimed to assess the level of group consensus regard-
ing perceived changes and corresponding drivers emerging from the semi-structured interviews, 
clarify some incomplete information, and identify other changes not listed during interviews. The 
information coming from the FGDs represents thus the collective perception of change.

The observations of climate and environmental changes, as their corresponding drivers (both 
generic ones, such as “climate change” or more specific if detailed by the interviewees), have 
been then grouped after an impact model, according to the system (atmospheric, physical and life 
systems)1 in which they have first been observed, and how progressively they have impacted other 
elements of the system.

Comparison of local perceptions with trends in time series of weather data

Monthly temperature and rainfall data were gathered from the Regional Hydrological Observatory 
Database2 and aggregated per year.

The closest meteorological and pluviometric stations to the three villages of the case study area 
have been chosen for data collection (Figure 6.1). Temperature yearly min and max values cover-
ing the period January 1924–July 2021 were collected by the meteorological stations of Enna and 
Caltanissetta. Due to non-operative periods of these meteorological stations, 0.69% of the tem-
perature monthly data are missing in the time series analysed.

Monthly cumulative rainfall data were collected in the pluviometric stations located in Villa-
rosa (time series: January 1924–December 2002, data gap 17.93 %), Villapriolo (January 1924–
December 2015, data gap 13.04%), and Calascibetta3 (January 1924–July 2021, data gap 2.13%) 
and aggregated per year. The mean precipitation values in the entire valley were calculated by 
aggregating the data coming from the three different pluviometric stations.

For both temperature and rainfall data, seasonal estimates were also calculated. Following in-
sights from semi-structured interviews, seasons were defined as follows: autumn included Septem-
ber, October and November; winter included December, January and February; spring included 
March, April and May; and summer included June, July and August.

Linear regression with t-test was used to assess the linear trend (sensu Mudelsee, 2019) and es-
timate whether there has been a long-term systematic change in the temperature and rainfall mean 
values over the period considered (Rodrigo & Trigo, 2007; Barnes & Barnes, 2015). In our regres-
sion model, the dependent variables were temperature and rainfall values, and the independent vari-
ables were the time series. The slopes of the trends were calculated by least-squares linear fitting.

1	 https://www.licci.eu/resources/.
2	 Osservatorio delle Acque – Agenzia Regionale per i Rifiuti e le Acque (OA-ARRA), Regional Hydrological Ob-

servatory Database, https://www.regione.sicilia.it/istituzioni/regione/strutture-regionali/presidenza-regione/autorita-
bacino-distretto-idrografico-sicilia/annali-idrologici (last accessed 30 January 2023).

3	 Data from the pluviometric station of Calascibetta are available for the period January 2016 – July 2021. To cover the 
period January 1924 – December 2015, data from the closest pluviometric station (Enna) have been collected.

https://www.licci.eu
https://www.regione.sicilia.it
https://www.regione.sicilia.it
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Results

Local observations of climate and broader environmental changes

The local climate and environmental changes observed in the Morello Valley are presented in 
Table 6.1. Each observed change is listed under the specific system in which it has been observed 
(atmospheric, physical and life system). Each change is also associated with the perceived drivers 
that, in some cases, respondents report in generic terms (such as simply “climate change”), while 
in other cases are very detailed and specifically correlated to particular changes in both the atmos-
pheric system and broader socio-economic changes.

Observed changes in the atmospheric system

The interviewees observed changes in temperature, seasons, precipitation and storms. The first 
relevant changes mentioned are the increase in the frequency of hot and warm days, as well as 
changes in mean temperatures throughout the year. Respondents also reported the increase in 
abrupt warm events (e.g., heatwaves). These changes, thought to be climate-driven, have led to 
changes in the length of seasons, perceived as longer and warmer for some seasons (i.e., summer) 
and shorter and warmer for others (i.e., winter). Spring and fall are reported to be shorter than 
in the past and, in some cases, nearly disappearing. An indicator of this last climatic variation is 
spring frost that, according to the respondents, is nearly totally absent today but in the past hap-
pened quite often in April. This phenomenon is particularly well remembered as it represented a 
huge danger for the spike of the cereals, which were already in the growing phase. In the past, 
this happened quite often and it could represent a loss of even 50% of the harvest for a farmer. 
Today, cereal farmers are not afraid of frosts or cold, but instead, they are afraid of lack of rain and 
drought. Overall, nearly all the interviewees mentioned that the system is transitioning to only two 
main seasons: a long summer followed by a short indefinite season, and a mix of winter, fall and 
spring. Moreover, they observed a lack of gradual change between seasons. The main perceived 
drivers of all these climate changes are changes in the mean temperature in a given season.

Precipitation patterns are also perceived as changing. The interviewees have observed an in-
crease in the intensity of summer rains, which they have classified as tropical rains due to their 
strong intensity and extreme short duration (only 20 or 30 minutes), but recurrent during the entire 
summer (usually in the afternoon, around 14:00–16:00). These short but intense rainfalls are lo-
cally called “water bombs” because they can cause dangerous floods and serious damages to crops, 
agricultural premises and farm equipment. Together with these sporadic extreme summer rainfalls, 
informants reported a reduction or even disappearance of precipitations during fall, winter and 
spring, accompanied by a lack of normal summer precipitations. Spring is also reported as being 
less rainy today than in the past. This is considered to have a very negative impact on the ecosys-
tem, since nowadays spring does not provide water to sustain crops and wild plants. Moreover, in 
the past, people could predict rainfalls just by looking at the clouds in the sky, while today rain is 
totally unpredictable. Nonetheless, people interviewed do not automatically correlate changes in 
rainfall patterns with temperature increase, but they generally associate causes of such phenomena 
to broader climatic changes. Last but not least, even changes in snowfall are reported, with an 
overall perceived reduction in the frequency of snowy days in the winter and early spring.

Observed changes in the physical system

Locals observed changes in the physical system. As a component of the terrestrial physical sys-
tem, soil is reported to be more impoverished and less fertile than in the past. Furthermore, all 
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Table 6.1  Local observations of climate and broader environmental changes in the Morello Valley
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the informants reported a significant increase in soil erosion and a reduction in soil moisture and 
humidity. The main driver of these changes is considered to be agricultural modernisation, i.e., 
mechanisation, use of pesticides and chemical fertilisers, and the intensification of agricultural 
cropping patterns. Nonetheless, climate change is also seen as a driver of transformations in soil 
conditions, particularly due to the reduction of rainfall during fall, winter and spring, a change that 
hampers the maintenance of adequate humidity in the soil.

Wild summer fires are perceived as more frequent and with stronger devastating effects, aggra-
vated by the accumulation of unmowed dry biomass, which is a direct result of land abandonment. 
Moreover, compared to the past, when domestic animals would eat grass in marginal areas keeping 
the landscape open, today there are fewer domestic animals around the roads or pasturing freely. 
The main drivers of increased seasonal fires are thus land abandonment and reduction of goat and 
sheep herds.

Observed changes in the life system

Within the life system, informants reported changes in both the terrestrial wild fauna, flora and 
fungi, as well as in cultivated plants and livestock.

When it comes to changes in the abundance of local wild terrestrial animals, informants ob-
served the reduction, or even disappearance, of some species (e.g., wild rabbits, some local spe-
cies of birds, insects) and the increase of other species (e.g., wild boars, foxes). While people 
interviewed do not provide any explanation for the increase of some of these wild species, the 
main driver for the reduction and disappearance of other wild fauna is thought to be the prolonged 
spread of chemical substances in agriculture during the last decades, which have slowly destroyed 
their habitats. Wild flora and fungi are also perceived as changing. Wild flora is less abundant now, 
mainly due to the disappearance of domestic animals along the roads. Domestic animals were used 
in the past as main means of transport and moved around for pasture or transhumance, thus playing 
a very important role in seed dispersal. The reduction of wild plants is also associated with changes 
in agricultural practices (e.g., mechanisation, intensification, heavy tilling, use of herbicides). In 
the case of wild edible fungi, the interviewees noticed changes in their abundance, spatial distribu-
tion and maturation time, correlated to climatic drivers, particularly observed changes in rainfall 
seasonal patterns and soil humidity.

Cultivated plants are the component of the life system perceived as most affected by changes, 
both climate and non-climate driven. Respondents reported changes in crop growing patterns, 
namely early flowering, fruiting, and maturation time. For some years, up to three weeks of an-
ticipation in flowering time have been observed and, generally, early flowering has been observed 
more often than late flowering. The anticipation of flowering leads to changes in crop fruiting 
and maturation, with an overall observed tendency towards a reduction in the number of fruits 
produced. This is the case of olives, for instance, whose successful growth depends on a smooth 
flowering pattern in late spring. Changes in crop growing patterns have influenced the agricultural 
calendar, with consequent changes in sowing, planting, and harvesting time. Informants perceive 
these changes as clearly driven by climatic changes. The increase of warm and hot days in spring 
cause early flowering and even fruiting, while the increase of abrupt climatic events such as heat 
waves, strong hail, and heavy rain, perceived as unseasonal, destroys a great share of the flowers 
or early fruits, reducing the final production of orchards trees. Moreover, interviewees mentioned 
changes in crop growing patterns as also driven by changes in the number of rainy days, and par-
ticularly by the nearly total lack of summer rain.
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Within cultivated plants and cropping systems, an increase in the frequency or occurrence of 
certain weed species considered as invasive has also been observed. This is the case of Orobanche 
alsatica Kirschl. (a weed invasive of Vicia Faba L.) and Centaurea napifolia L. (a weed of cereal 
crops). Some of the farmers believe C. napifolia comes from California, it is extremely difficult to 
eradicate (nearly impossible) and they have observed it growing in association with Hedysarum 
coronarium L. According to the informants, the increase of crop weeds is associated with the use 
of herbicides and mechanisations, which paradoxically have caused some invasive weed species 
to genetically modify and adapt to the new conditions.

Interviewees have also observed changes in livestock, namely an increase in the upgrowth and 
spread of diseases for certain domesticated animals. For example, they report the case of young 
rabbits that cannot grow anymore, becoming sick when separated from the milk of the mother, 
and a disease in the sheep that makes their milk become more watery. The informants attributed 
changes to the prolonged use of chemicals and pesticides in agriculture.

The weather as captured by meteorological stations

Results from the analysis of the data collected from local weather stations indicate that there is no 
statistically significant trend showing an increase or a decrease in the average yearly temperatures. 
However, for the yearly precipitation, it is possible to see a statistically significant decreasing 
trend, mainly driven by the decrease in winter precipitation.

Figure 6.2 � Linear trend of mean yearly temperatures in the study area for the period 1924–2021 (Data: Re-
gional Hydrological Observatory Database, Osservatorio delle Acque – Agenzia Regionale per i 
Rifiuti e le Acque (OA-ARRA), Regione Sicilia).
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Temperatures

The analysis of the historical temperature time series gives no statistically significant increasing or 
decreasing trend ( p > 0.05). Nonetheless, as it is possible to see from the time series plot in Figure 6.2,  
temperatures show large fluctuations over the years, with decreasing and increasing peaks.

Results from the analysis of the yearly seasonal temperatures indicate that there is no statisti-
cally significant trend showing an increase or a decrease in the average temperatures per season  
(p > 0.05). The time series plot shows significant fluctuations over the years, quite similar across 
the seasons, with the exception of a steady decrease for the autumn and spring plots in some 
periods (Figure 6.3). In the time series analysed, after summer, autumn shows to be the warmest 
season, followed by spring and winter (coldest).

Precipitations

In contrast to temperature, the regression analysis for precipitation shows a statistically significant 
decreasing trend (p = 0.02), with the graphical analysis suggesting large fluctuations over time 
(Figure 6.4).

The decreasing trend in yearly precipitation is mainly given by the decrease in winter precipita-
tion (p = 0.006). From the analysis of the yearly seasonal precipitations, winter is the only season 
showing a statistically significant trend, while for the other seasons, data do not allow us to assess 
a significant increase or decrease in the average rainfall pattern. The time series plot shows larger 
fluctuations over the years and across the seasons, with the highest peaks in autumn-winter and the 
lowest fluctuations during summer (Figure 6.5).

Discussion

When comparing results from local observations with the evidence from weather stations, what 
first emerges is the potential of local knowledge to enhance our understanding of complex social-
ecological issues, such as the impacts of climate and environmental change on the biophysical 
context of local communities. Local people recognise many indicators of change that are deeply 
interwoven and manifested in different elements of their environment, and they emphasise how the 
observed changes are driven by both climatic and non-climatic factors. Examples include varia-
tions in plant phenological behaviour, which locally is attributed to changes in temperatures, or the 
disappearance of some wild fauna species, attributed to the intensive use of chemicals in farmlands. 
In other words, for respondents climate and environmental changes are not only caused by exter-
nal factors (i.e., weather) happening independently from human behaviour, but they have strong 
anthropogenic causes. Moreover, interviewees stressed how the perception of “changing weather 
or climate change” can be seen as culturally-constructed and influenced by lifestyles. This is ex-
emplified by the comment of four women, who mentioned that we believe the climate has changed 
because we have changed our lifestyle. They mentioned, for instance, that today it is normal to go 
bathing in the sea in May, while this was totally unthinkable in the past. However, they argue that 
such change did not happen because May is today warmer, but simply because going to the beach 
is a status symbol, and a way to show off a wealthy socio-economic condition. Another interest-
ing example given by another woman refers to the perception of cold during winters. According 
to her, today winter is perceived as warmer because houses are now equipped with central heating 
systems and we have better quality clothes than in the past. In a way, these personal observations, 
although at odds with the general perception, dovetail with meteorological data showing that there 
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Figure 6.3 � Linear trend of seasonal mean yearly temperatures in the study area for the period 1924–2021 
(Data: Regional Hydrological Observatory Database, Osservatorio delle Acque – Agenzia Re-
gionale per i Rifiuti e le Acque (OA-ARRA), Regione Sicilia).

Figure 6.4 � Linear trend of mean yearly precipitations in the study area for the period 1924–2021 (Data: 
Regional Hydrological Observatory Database, Osservatorio delle Acque – Agenzia Regionale 
per i Rifiuti e le Acque (OA-ARRA), Regione Sicilia).
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is not such a relevant significant increase or decrease in the local climate, but rather, more abrupt 
but punctual events that might shape perceptions. These accounts provide an invaluable source of 
information on ongoing ecological change dynamics that cannot be caught by instrumental meas-
urements. The weather station can report an atmospheric event as, for instance, the increase in the 
intensity of precipitation, but its perception as a “water bomb” with devastating effects on crops 
can only be captured by local knowledge. People provide more nuanced explanations of changes 
which reinforce the idea that climate change perceptions are really dependent on the context, in-
cluding geographical, historical, cultural and epistemological/methodological aspects.

But, what happens if we shift historical baselines and frame these results within a longer tempo-
ral perspective? Thanks to palaeoecological and archaeobotanical evidence, we can reconstruct the 
long-term climatic and environmental history in this part of the island. The Early Holocene period 
(ca. 9700 BC.) was a relatively humid period, with marked presence of deciduous forests (Sadori 
et al., 2008, 2013). Winter drought is registered between ca. 5550 and 4550 BC and reduced rain-
fall around ca. 4050 BC followed by a progressive phase of increasing dryness, which allowed 
Olea and Pistacia to expand (Zanchetta et al., 2007; Carroll et al., 2012; Peyron et al., 2013). In re-
sponse to these climatic changes, both vegetation patterns and human activities underwent abrupt 
modifications, with intensification of soil exploitation. Anthropogenic impact is also evident from 
the extinction of numerous large mammals due also to the introduction of domestic species and 
alteration of vegetation cover (Incarbona et al., 2010). A cooling phase is attested between 2600 
and 2000 years BC in connection to a precipitation maximum (cfr. Sadori et al., 2015) reflected 
in the growth in human settlements with agricultural and specialised pastoralism intensification 
(Giannitrapani et al., 2014). The increase in sclerophyllous Mediterranean taxa around 1250 BC 
and the spread of anthropogenic taxa around 650 BC could be an indicator of cropping and burning 
at a more intensive scale (Sadori et al., 2013). A successive humid period (ca. 450–750 AD) attests 

Figure 6.5 � Linear trend of mean yearly seasonal precipitations in the study area for the period 1924–2021 
(Data: Regional Hydrological Observatory Database, Osservatorio delle Acque – Agenzia Re-
gionale per i Rifiuti e le Acque (OA-ARRA), Regione Sicilia).
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to the development of agriculture on a new and larger scale (Sadori et al., 2016). A sudden phase 
of aridity (ca. 750 AD) is associated with a decrease in synanthropic taxa, a recovery of arboreal 
vegetation and socio-economic decline (Sadori et al., 2016). As these changes occurred prior to 
the Arab invasion of Sicily in 827 AD, they could be correlated to the collapse of the Byzantine 
society and the Muslim conquest of the island. A second period of slightly less warmer climate 
was during what is known as the Medieval Climate Anomaly (ca.1100–1350 AD), characterised by 
marked temperature and hydroclimatic variability, driven by Atlantic Ocean cycles (Lüning et al., 
2019). Finally, the last climatic anomaly before the current era, the Little Ice Age (1550–1850 AD), 
was characterised by cooling and drought (Incarbona et al., 2010).

As we can see, overall, the long-term climatic and environmental history of this area of Sicily 
shows the occurrence of repeated climatic anomalies throughout the Holocene, correlated with 
complex patterns of environmental change. The look at the deep past highlights that environmental 
change has been the norm rather than the exception and that drivers of such changes include cli-
matic fluctuations, human agency and broader ecological dynamics. Furthermore, temporal long-
term analysis reveals that the most significant changes in the local history happened during periods 
of climate-induced environmental change, when both natural and human ecosystems collapsed 
or developed strategies for their adaptation and survival. In the case of key endemic species (i.e., 
the olive), human stewardship in the form of traditional ecological memory played a fundamental 
role in preserving and maintaining this biocultural heritage (Ferrara et al., 2022), dating back to 
the anthropogenic transformation of natural ecosystems into agro-ecosystems. The combination 
of different temporal and spatial scales of analysis, as the inclusion of different types of evidence 
giving voice to local reports and ecological memory can help better contextualise environmental 
change processes, as understand both macro and micro-climate dynamics.

Conclusion

Many socio-ecological processes unfold within centennial to millennial scales, but what we ob-
serve is “the here and now”. By shifting baselines and combining local observations of climate and 
broader environmental changes with weather data at the micro-scale and a millennial reconstruc-
tion of climate and environmental history levels, we show how the perceptions of climate change 
may be interpreted differently according to scale and context. Longitudinal trends and larger geo-
graphical scales give a larger perspective of change. To better understand the correlation between 
climate dynamics, effects on ecosystems and human behaviour, reductionist oversimplifications 
about short-term individual causes of change should be avoided. Multi-causal explanations that 
incorporate long-term socially accumulated ecological knowledge with scientific evidence on dif-
ferent timescales should be favoured instead, taking into account that the influence of climate on 
society strongly depends on a combination of ecological dynamics, relational and societal condi-
tions, place geography and historical circumstances (Blok, 2010; Marignani et al., 2017; Ljun-
gqvist et al., 2021).

The way we decide to construct, typify and represent (climate) change influences our responses 
to current and future challenges (Hulme et al., 2009; Alexandra, 2021) and may be our chance to 
write the next chapter in history.
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POST-SOCIALIST ALBANIA
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Introduction

In the last decades, Albania has experienced an increase in the frequency of extreme weather 
events such as floods, heat waves, and drought (Demiraj-Bruçi et al., 2016). Mean annual tempera-
tures have increased since 1960 and the projections indicate that summer temperatures will con-
tinue to rise considerably in the following decades. According to the projections provided by the 
Coupled Model Intercomparison Project Phase 5 (CMIP5) ensemble, mean annual temperatures in 
2080–2099 are expected to increase by 2.7°C–6.9°C under the high emission scenario (RCP8.5). 
Low (RCP2.6) and medium (RCP4.5) emission scenarios also predict an increase in mean an-
nual temperatures for the region. Summer temperatures are expected to rise by 2.4°C–3.1°C dur-
ing June–August, the highest increase predicted for South Eastern Europe (World Bank, 2021a). 
Precipitation patterns are expected to change, with a tendency to decreasing precipitation and a 
contraction of Albania’s snowpacks due to higher temperatures (Demiraj-Bruçi et al., 2016). These 
changes will negatively affect crop yields and livestock production, jeopardising food security and 
increasing the vulnerability of local communities (Sutton et al., 2013; World Bank, 2021a).

In Albania, 36% of the population is employed in agriculture (World Bank, 2021b) and rural 
communities depend primarily on agriculture for food security and income. The recent variations 
in weather patterns and trends represent a significant stressor for their livelihood strategies.

Farmers and livestock keepers are often aware of the impacts of climate change on their liveli-
hood strategies. However, this awareness does not always result in the adoption of effective adap-
tation strategies (Fierros-Gonzalez and Lopez-Feldman, 2021). A better understanding of farmers’ 
perceptions of climate change impacts and their adaptation strategies is a fundamental step to 
providing inputs to policymakers and developing tailored policy responses to support farm-level 
adaptation to climate change (Eitzinger et al., 2018; Zhang et al., 2020).

Small farm size, high rate of deforestation, lack of infrastructure, and poor access to the market 
exacerbate community vulnerability to climate change impacts (Demiraj-Bruçi et al., 2016). Ac-
cording to the Census of Agricultural Holdings carried out in 2012 (INSTAT, 2012), in Albania 
more than 98% of agriculture holdings are family farms and up to 86% are small farms with less 
than 2 ha of land (FAO, 2020).

In 1945, the Albanian Communist Party started a land collectivisation process, which was 
completed in the 1960s. This process established agricultural production cooperatives and state 
farms (Cungu and Swinnen, 1999). The nationalisation of lands and collectivisation of agriculture 
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brought, in a few years, to the creation of Agricultural Production Co-operatives (APCs) and State 
Farms (SFs) to achieve national self-sufficiency in agriculture (Papajorgji and Alikay, 2016). Until 
the 1960s, the cultivation of small private plots was allowed, but selling the agricultural products 
grown on those plots was illegal. The final stage of collectivisation began in 1965; cooperatives 
and state farms assumed complete control, and family plots were abolished (King and Vullnetari, 
2016; Swinnen, 2018).

In 1991, after the collapse of the communist regime, an important land reform was imple-
mented in Albania, with the adoption of Law 7501 “Concerning the Land” dated 19.07.1991. Ac-
cording to this law, collectivised land was redistributed to former cooperative members. To ensure 
an equitable land redistribution, the farm size allocated to each household was proportional to the 
number of household members. According to article 6 of the same law, the land was also given to 
families who were not members of the cooperatives and were not working on state-owned farms 
and that, as such, had no previous experience in farming.

Land privatisation resulted in a high fragmentation of agricultural holdings, with families own-
ing several non-contiguous plots (Sallaku et al., 2011). The fragmentation resulting from splitting 
formerly collective land into small private farms is considered one of the main challenges of the 
Albanian agricultural sector (FAO, 2020).

Perceptions of climate change impacts are influenced by a complex interaction of different 
factors such as socio-cultural background, knowledge, and individual life experiences (Van der  
Linden, 2015). Those factors can differ considerably among people living in the same area (Nguyen 
et al., 2016; Whitmarsh and Capstick, 2018) or even within the same community.

To adapt to climate change, rural dwellers need to gain an accurate understanding of the threats 
that a changing climate brings to their livelihoods. Furthermore, decision makers need to ensure 
that local perceptions and cultural factors are taken into due consideration in climate change adap-
tation policies (Adger et al., 2013; Makuvaro et al., 2018a,b).

Our fieldwork, carried out in the context of the LICCI project (Reyes-García et  al., 2023), 
aimed at investigating (1) how Albanian rural communities perceive the effects of climate change, 
(2) how they are affected, and (3) how they are adapting and coping with them. Given that climate 
change is only one of the drivers of change in the study area, our analysis is framed by the un-
derstanding of the contextual socio-economic factors that influence Albanian rural communities’ 
livelihood strategies.

Materials and methods

Study area

According to Albanian agroecological zonation (Sutton et al., 2013), our study area is located in 
the transition between the Southern Highlands and the Northern and Central Mountains zone. The 
main climatic variables of the municipality are summarised in Table 7.1.

Fieldwork was carried out in three rural areas of Përmet municipality, in the Prefecture of 
Gjirokastër, in South Albania. The municipality is located in the upper section of the Vjosa river 
and is characterised by a hilly and mountainous landscape and by the presence of the Bredhi i 
Hotovës-Dangëlli National Park (WDPA, 2022). The resident population in the municipality was 
5,945 inhabitants in 2011 (INSTAT, 2013), when the latest census was conducted.

Cropland covers about 12% (10,844.33 ha) of the total municipal area (Phalke et al., 2017). The 
production of vegetables in 2020 was equal to 2,538 t, with no production in greenhouses. With 
only 52 ha destined for fruit production in the municipality and low yields (9.6 kg/tree in 2020) 
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compared to a national average (23 kg/tree), fruticulture is not an important activity. A similar 
situation characterises the oliviculture sector: only 35 ha of olive trees exist in the municipality, 
and with a productivity of 8 kg/trees in 2020, Përmet is among the municipalities with the lowest 
yields in the country. Relatively more important is the production of grapes, with 261 hectares 
destined for vineyards.

Goats are the most common type of livestock, with a total of 20,000 heads, 15,000 of which 
are milk goats. Around 14,000 sheep (Figure 7.1) and 1,000 cows are also kept in the municipality 
(INSTAT, 2021). Data on municipal beekeeping are unavailable. Nevertheless, in the Prefecture of 
Gjirokastër, there are around 6,000 beehives and the honey production in 2020 was equal to 214 tons.

We selected three areas with different environmental characteristics in the northern part of the 
Bredhi i Hotovës-Dangëlli National Park. Two villages, Kosinë (265 m a.s.l.) and Bodar (390 m 
a.s.l.), are situated at the border of the National Park and count a total of 300 households. The third 
area is made of a cluster of small settlements (Raban, 720 m a.s.l., Odriçan, 765 m a.s.l. and Pagri, 
495 m a.s.l.) totalling about 30 families located entirely within the protected area (Figure 7.2).

Table 7.1 � Main climatic variables in Përmet municipality (Trendline values)

Year 1979 2019

Mean annual temperature (°C) 11.3 12.47
Annual average of maximum temperature (°C) 21.64 23.03
Annual average of minimum temperature (°C) 0.09 1.23
Mean annual precipitation (mm) 1,009.97 1,238.58

Source of data: ERA5 – Latest climate reanalysis produced by European Centre for 
Medium-Range Weather Forecasts/Copernicus Climate Change Service.

Figure 7.1 � Kosine Landscape. Photograph by the author.
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Figure 7.2 � Map of the study area.
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Those settlements are connected with Kosinë through an unpaved road that crosses the National 
Park for 13 km. The entire study area is characterised by high biodiversity, making it an impor-
tant site for the conservation of wild fauna and flora (Keci and Krog, 2014). Family farming and 
livestock keeping are the area’s main economic activities (Table 7.2). A communal water source 
exists in Kosinë, and community members benefit from a regulated access to the water source for 
irrigation. On the contrary, households living in Raban, Odriçan, and Pagri rely entirely on rain for 
their farming activities.

The most common crops in the area are wheat, maize, fodder crops, grapes, potatoes, tomatoes, 
beans, and tree crops such as olives, walnuts, and figs. The National Park regulation framework 
shapes the governance of forests and pastures within the protected area. Honey is produced at a 
considerable scale in the National Park and marketed mainly locally (Keci and Krog, 2014).

Data collection

We conducted face-to-face interviews with 15 farmers and livestock keepers to explore their per-
ceptions of climate change impacts, the repercussions on farming practices, and their responses to 
these impacts. The interviews were performed in July 2021.

In the first part of the interviews, we explored local livelihoods, seasonal activities, and the 
natural resources of the surrounding environments. The second part of the interviews consisted of 
a semi-structured questionnaire to explore farmers’ perceptions of changes in weather patterns and 
the environment. The questionnaire followed the LICCI protocol (Reyes-García et al., 2023). In 
particular, we focused on the Local indicators of climate change impacts (LICCIs) classification 
tree to collect farmers’ observations on atmospheric, physical, and life system changes .

We used a timeline representation to help interviewees to anchor weather events and key ele-
ments to significant historical events and facts in the last 30 years. Timeline is a tool that allows 
communities to place in chronological order the most important events they experienced in a given 
period of time (Miara et al., 2022).

Open-ended questions were used to collect information on the impacts of climate change on 
farming activities and on farmers’ strategies to cope with such change. Snowball sampling was 
used to select the interviewees.

Overall, we interviewed four sheep farmers, nine horticulture farmers that also kept a small 
number of chickens (one or two), and two beekeepers. The interviewees were eight men and seven 
women with an average age of 60. Three of the seven interviewed women were widows whowere 

Table 7.2 � Interviewees’ livelihood strategies

Livelihood activities Description Main activities

Horticulture Rainfed agriculture in small plots 
up to 2 ha. Each family own 
poultry and one or two heads.

Main crops:
Grapes, tomatoes, beans (several varieties), 

potatoes, peppers, aubergines, onions, 
tobacco, maize

Livestock farming Extensive dairy sheep farming Few livestock keepers own cows. Households 
also grow horticultural crops in small garden 
plots and produce fodder.

Beekeeping Extensive beekeeping inside the 
national park

Transhumance to higher altitudes is used to 
ensure three harvests during the year
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taking care of the garden and livestock alone. All interviewees were workers of the Agricultural 
Production Co-operatives (APCs) or State Farms (SFs) during the communist period.

Interviews were conducted with the help of a translator who is currently working as a ranger in 
the Bredhi i Hotovës-Dangëlli National Park.

Results

The results of the investigation suggest that all informants perceive a change in some key atmos-
pheric variables and that they consider it as a risk to their farming activities.

Perception on climate change

About 65% of interviewees perceived an increase in mean temperatures and heatwave frequency 
during the summer and an intensification of cold days in winter during the last 15 years. Inter-
viewees indicated an increase in the length of dry spells and heat waves and the occurrence of 
severely cold winters without snow in 2010, 2013, 2019, 2020, and 2021, with serious negative 
consequences for agricultural yields (Figure 7.3). One farmer from Pagri produces and markets a 
distillate grape called Raki. He reported that in 2020, his vineyard did not have any fruits because 
of a lack of rain, high temperatures, and heatwaves during the summer.

About 65% of interviewees reported decreased snow cover depth and precipitation in the last 
decade. They perceived significant changes in the length of snow permanence in the previous 15 
years. Farmers in Pagri, Raban, and Odriçan said that, in recent years, snowfall has been limited 
to a few days and only on the mountains’ tops. They also reported that the soil remains frozen for 
longer without snow cover. They consider this event a climate change marker and linked it to the 
dryer and colder winters.

Moreover, farmers said that the change in snow patterns has a considerable impact on water 
availability in rivers and springs and on crop pests and soil health. According to their interpreta-
tion, the less frequent and less intense snowfall events and the shorter permanence of snow was an 
important cause of the reduced water availability they are currently experiencing. Moreover, they 
identified a nexus between the shorter permanence of snow and a higher incidence of crop pests. 

Figure 7.3 � Local timeline events reported by respondents during the interviews.
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They attributed this change to the fact that reduced winter snow cover can result in more favour-
able conditions for some species of arthropods.

All informants perceived changes in rainfall patterns, especially during the spring, and 80% of 
them reported a delay in the start of this season. The spring rainfalls have become less predictable, 
and this irregularity causes delays or changes in the farming calendar. Farmers and livestock keep-
ers expressed their concern for these irregularities and unpredictable changes. They agreed that 
the mean temperature and the duration of the summer have increased. Livestock keepers explained 
that, in the past, they used to grow alfalfa from April to October, which was possible thanks to the 
rainfall in July and August. Under the current precipitation regime, they cannot harvest alfalfa in 
summer as the rains in this season have decreased. Nowadays, they are forced to buy extra fodder 
for their livestock. More than 50% of respondents reported an increase in the frequency of extreme 
rain days and additional rainfall anomalies throughout the year, making productivity unstable.

In Table 7.3, we summarised farmers’ observations of weather patterns. Ninety per cent of the 
interviewed farmers were conscious of the impacts of climate change on their livelihoods and 
farming activities. Dwellers of Pagri, Raban, and Odriçan are more dependent on rainwater and 
natural resources than the interviewees living in Kosinë and Bodar. As a result, they perceive more 
seriously the risks posed by decreasing rainfall and snowfall, increasing mean temperatures, and 
higher frequency of dry spells during the summer. They directly attribute to those changes the 
decreases in productivity they are experiencing. In Kosinë and Bodar, some farmers reported that 
root pests and diseases have compromised their production of tomatoes and potatoes in the past 
years. They relate the damages to higher temperatures and erratic rainfall.

Adaptation measures adopted

The results suggest that, although all respondents perceive a higher unpredictability of weather 
patterns and are aware of the risks that this poses to their livelihood strategies, they are not able 
to properly cope with these changes. More than 80% of the respondents reported an increase in 
the use of pesticides as a strategy to cope with more frequent pest outbreaks that they attribute to 
the reduced snow cover during the winter. In Kosinë e Bodar, farmers manage collective springs, 
ensuring water availability for crops and livestock throughout the year. The situation is different 
in Raban, Pagri, and Odriçan where, due to the lack of infrastructure and governmental support, 
farmers are totally dependent on precipitation. Fifty per cent of livestock keepers reduced the size 
of their herds in the last few years because of the increasing cost of fodder and the lower summer 
productivity of pastures. Other livestock keepers decided to specialise in specific phases of the 
production cycle. For example, one sheep farmer specialised in breeding and marketing lambs and 
another sheep farming household started to store more hay to cope with the anticipated drying of 
pastures resulting from the altered rainfall patterns. Similarly, some beekeepers reported that they 
have recently adopted transhumant beekeeping to cope with decreasing bee fodder availability.

Non-climatic drivers of change

Besides climate change impacts, farmers also mentioned the severe consequences on farmland, 
productivity, and market economy caused by the socio-economic changes after the collapse of 
communism. Land fragmentation, the establishment of an open and competitive market, massive 
migration from rural to urban areas and to foreign countries, insufficient government support, 
and lack of adequate infrastructures and technologies strongly impact many aspects of farmers’ 
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livelihoods. These factors pose important barriers and limitations to farmers’ resilience and in-
crease their vulnerability to climate change.

Moreover, all interviewees attributed issues such as a higher incidence of livestock diseases and 
a general decline in crop health to socio-economic changes rather than climate change. Since 1991, 
farmers have experienced several challenges in their production system, including difficulties in 
finding good quality seeds in the market, the misuse of agrochemical inputs, and increased live-
stock pests and diseases. About 60% of respondents reported that diseases such as bluetongue virus 
on ruminants, Newcastle disease for poultry, and varroosis for bees entered Albania from neigh-
bouring countries when the communist system collapsed and trade with other countries started.

Table 7.3 � Farmers’ perceptions in weather patterns according to the LICCI protocol

Variable category –  
LICCI

Variable observation Variable description by interviewees n. households

Changes in the amount 
of snowfall

Less snowfall in the 
mountains

The amount of snow has decreased in the 
last few years. They also experienced 
more frequent frost without snow

Ten

Changes in the spatial 
distribution of 
snowfall

Less snowfall in the 
mountains

In the past, the snow covered the whole 
territory including the villages at 
lower altitudes. Nowadays, only the 
mountains tops are covered with snow 
for a few weeks during the winter

Ten

Changes in the 
variation of rainfall 
in a given season

Households observed 
that rainy season 
changed

Very limited rainfall during the summer. 
Springs have less water and are drier 
than in the past

13

Changes in variability 
of rainfall (not 
further specified)

Households observed 
that rainfall 
patterns changed

Households perceive a decrease in 
rainfall. Furthermore, they said that 
during the winter the rainfall is erratic

15

Changes in the 
frequency of heat 
waves

Increase of hot days Most households said that the number of 
hot days has increased in the last ten 
years

Ten

Changes in the length/
duration of dry 
spells

Fodder for the 
livestock is 
decreasing due 
to the spring and 
summer

Households used to plant alfalfa in 
April and harvest it every 20 days till 
October. Nowadays, July is too dry and 
they are forced to buy new fodder

Ten

Changes in the 
frequency of cold 
days

Increasingly dryer 
and colder winters

Households reported dryer and colder 
winter in the last six years

Ten

Changes in the length/
duration of heat 
waves

Higher incidence of 
pest-related crop 
damages

Many households think that after 1995, 
the incidence of damage to crops due 
to pests and diseases has increased. 
Tomatoes and potatoes are prone to 
wilting other pathologies.

Seven

Changes in mean 
temperature (not 
further specified)

Lower crops’ quality 
and quantity

Ten
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Discussion

All people interviewed acknowledge that climate change negatively impacts their livelihoods. 
Most of them agreed that there is a higher variability in annual weather patterns compared to the 
early 1990s. Changes in rain and snowfall patterns, dry spells’ duration, and a shift in the seasons 
are the most frequently perceived changes in the three study areas. Rural dwellers living in Pagri, 
Raban, and Odriçan are more dependent on rainfall because they do not have communal water 
sources for irrigation and, as a result, they are more concerned by the decrease in snow cover and 
in the number of summer rainy days when compared to farmers living in Kosinë and Bodar.

There is a high degree of agreement among respondents on the climate trends observed in the 
last 30 years. Recurrent droughts, more erratic rainfall, and a decrease in snowfall were the most 
commonly perceived changes across the study area.

A comparison of farmers’ perceptions with instrumental measures and models reveals an incon-
gruity in the rainfall trends (Table 7.4). Farmers perceive a decreased rainfall in the last ten years, 
especially in early spring. Nevertheless, according to the European Centre for Medium-Range 
Weather Forecasts (ECMWF), precipitations slightly increased in the previous decade. This in-
consistency between measured precipitation trends and local perceptions has previously been evi-
denced by other scholars (Simelton et al., 2013; Makuvaro et al., 2018a,b; Madhuri and Sharma, 
2020). It is worth noting that farmers accurately reported an increase in the frequency and length 
of summer dry spells that jeopardised farming productivity. This trend could have influenced their 
perception of total annual precipitation. On the other hand, farmers’ perceptions of temperature 
trends are more consistent with meteorological data.

Farmers are currently adopting a limited number of coping measures, such as shifting seasonal 
activities, increasing the use of agrochemical inputs, and buying extra fodder for livestock.

None of the interviewed farmers adopted crop diversification as an adaptation measure. In 
fact, all of them have been growing the same horticultural crops since 1991. All interviewees buy 
hybrid seeds from local shops, and only two of them preserve and use local varieties of beans 
and tomatoes. More than 80% of respondents perceive that the quality of agricultural products 

Table 7.4 � Comparison between farmers’ perceptions and meteorological records for key variables

Farmers perception 
on climate trends

Percentage Meteorological records Agreement between 
perception and 
measured trends

Increase in heat 
waves frequency

65% Trend line values for the study area show 
an increase in the frequency of days with 
maximum temperature >32°C from 4.22 
in 2000 to 11.12 in 2017 Raban, Pagri, and 
Odriçan cluster and from 3.72 in 2000 to 
10.66 in Kosinë and Bodar

Y

Intensification and 
persistence of cold 
days in winter

65% The frequency of days with temperature <0°C 
decreased considerably from 2000 to 2020

N

Decrease in mean 
annual rainfall

100% Trendline values for the study area show 
an increase in mean annual rainfall from 
1,009.97 in 1979 to 1,238.58

N

Source of data: ERA5 – Latest climate reanalysis produced by European Centre for Medium-Range Weather 
Forecasts (ECMWF)/Copernicus Climate Change Service.
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has worsened in the last decades, but they attributed this change to the lower quality of imported 
products and reported higher quality during communism.

Research shows that the adoption of adaptation measures is influenced by many factors (Dang 
et al., 2019), and results of this study highlight several factors that significantly affect the vulner-
ability of farming households to climate change. In particular, the interviewees spotlighted how 
the transformation of the socio-economic system that occurred in the early 1990s still impacts 
their livelihoods. The decollectivisation of cooperative lands was one of the consequences of the 
collapse of the communist system (FAO, 2020). The Albanian agricultural land privatisation pro-
gram that began in 1991 resulted in the distribution of small farms to households. This generated 
conflicts between those who owned the lands before communism and those who used to work in 
cooperatives (Zhllima and Imami, 2012). Small-size plots, land fragmentation, limited adoption 
of crop diversification, and the transition from a communist system to an open market economy 
resulted in the limited economic sustainability of newly established farms (FAO, 2020). Moreover, 
farmers’ low adaptive capacity is influenced by factors such as lack of technology, poor infra-
structure, and limited access to the market (Sutton et al., 2013; Merkoci et al., 2014). These limit-
ing factors have been identified as significant barriers to adopting appropriate adaptive responses 
(Dang et al., 2019). Furthermore, the lack of infrastructures, such as roads, medical centres, and 
schools in Raban, Pagri, and Odriçan, led to a massive migration towards urban areas and foreign 
countries in the last 30 years, further increasing community vulnerability (Zhllima and Imami, 
2012; Sutton et al., 2013).

Other factors, such as cultural background, also influence farmers’ behaviour (Nguyen et al., 
2016). The land reform introduced in 1991 came after 46 years of a centralised agricultural system 
and resulted in a sudden change in rural dwellers’ livelihood strategies. It is worth considering that 
interviewed farmers and livestock keepers were formerly employed in APCs and SFs, where they 
were implementing top-down indications and were not allowed to make decisions on agricultural 
practices and farm management. As a result, they did not acquire a strong legacy in terms of tra-
ditional ecological knowledge, which can potentially further reduce their adaptive capacity and 
resilience.

Conclusions

Our research findings suggest that Albanese farmers who are highly dependent on natural re-
sources have a high awareness of the impact of climate change on their livelihoods. Nevertheless, 
their adoption of coping and adaptation measures appears to be limited. Rural dwellers seem not 
particularly inclined to explore suitable adaptive strategies and practices to tackle the impacts 
of climate change. Socio-economic, political, and cultural factors play an essential role in this 
respect.

The perception and understanding of changes in weather patterns were widely consistent among 
interviewed farmers. Moreover, there is a strong convergence in farmers’ attitudes and responses 
to climate change. But in addition to weather patterns, all respondents agree that the new socio-
economic system generated disruptive changes in their livelihoods. Despite the fact that interview-
ees have not clearly identified effective adaptation measures, they believe that without appropriate 
government support, it is impossible for them to adopt effective measures.

A better understanding of farmers’ perceptions and their adaptive attitudes towards climate 
change is a fundamental step towards developing tailored and effective policies to provide in-
novative economic and social opportunities to local communities and enhance rural communities’ 
resilience to climate change.
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Introduction

Indigenous Peoples and local communities in isolated mountainous areas are among the most 
vulnerable groups to global climate change impacts (Beniston et  al., 1997; Beniston, 2003, 
2005; IPCC, 2022). This is the case of pastoralist communities in the Argentine Dry Puna, part 
of the High Andean Plateau at altitudes between 3,200 and 6,700 m. a.s.l. Most climate scenarios 
for this alpine ecosystem predict a 2°– 4°C temperature increase by the end of the 21st century 
(Urrutia & Vuille, 2009). While models uncertainties are greater with regard to precipitation 
trends, the most plausible scenarios predict a decrease in precipitation and cloudiness for the 
subtropical Andes (Vuille et al., 2008), as well as decreasing water availability and longer dry 
seasons (Buytaert et al., 2010). This coincides with dendroecological reconstructions of water 
balance and ecosystem productivity over the past 30 years (Carilla et al., 2013) and centuries 
(Morales et al., 2015).

At the same time, the Argentine Puna is undergoing rapid socioeconomic changes (Izquierdo &  
Grau, 2009; Izquierdo et al., 2018a). Historically a very remote area, governmental investments 
since 1983, when the current democratic period started, have fostered the expansion of transport 
and communications infrastructure, mainly of road networks and most recently of internet cover-
age, thereby increasing mobility and access to information, markets, governmental institutions, 
and labor (Izquierdo et al., 2018a). Extreme environmental conditions in the Puna have determined 
past patterns of human settlement and land use. Since the establishment of the first inhabitants, 
estimated about 11,000 years ago, the main subsistence activity in the area has been pastoralism 
(Martınez, 2018; Olivera, 2018), primarily of sheep and llamas (Quiroga Mendiola & Cladera, 
2018). At present, the main growing economic activity is mining, particularly lithium extraction 
(Izquierdo et al., 2015, 2018a). Lithium reserves in the Argentinian Puna are part of the so-called 
“lithium triangle”—the largest global reserve of lithium, which extends across northern Chile, 
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southwestern Bolivia, and northwestern Argentina. Interest in lithium has boomed in recent years 
due to the rising demand for cell phones and electric vehicle batteries (Dresselhaus & Thomas, 
2001; Scrosati & Garche, 2010; Gielen, 2021). While prospects for lithium mining are promising, 
its environmental consequences are poorly understood (Wanger, 2011; Izquierdo et al., 2015). The 
future economic, social, and environmental impacts, and the (un)fair distribution of benefits and 
negative consequences from the lithium industry will highly depend on whether or not local com-
munities will have a say in the decision-making process surrounding lithium extraction activities 
(Prior et al., 2013; Jerez et al., 2021).

Climatic, socioeconomic, and political factors (e.g., demographic changes, politics, globaliza-
tion) have widely influenced and transformed local living conditions and livelihoods. In the study 
area, increased connectivity and access to off-farm work have led to rural–urban migration, a 
decrease in pastoralist activities, and related land-use changes (Izquierdo & Grau, 2009; Izquierdo  
et  al., 2018a). Climate change adds an additional challenge to the socioeconomic complex-
ity, which offers both opportunities and risks. Climate change and socioeconomic and political 
changes interact in non-linear ways and can amplify or attenuate the overall impacts on the lo-
cal environment, and hence, affect local livelihoods and living conditions of local communities 
and Indigenous Peoples in diverse and unpredicted ways (Pörtner et al., 2021). Vulnerability and 
resilience to climate change are therefore not only defined by exposure to climate hazards, but 
also by the changing socioeconomic conditions of the system of concern, which determine its 
sensitivity and adaptive capacity. Consequently, research on the vulnerability and resilience of 
social-ecological systems has increasingly recognized the need for multiple stressor approaches by 
considering all relevant drivers instead of focusing on a single stressor (e.g., Reid & Vogel, 2006; 
Tschakert, 2007; Räsänen et al., 2016).

Due to their strong dependence on nature through their natural-resource-dependent liveli-
hoods, culture, and place connection, Indigenous Peoples and local communities can be keen 
observers of environmental changes in their surroundings (Reyes-García et al., 2016). They also 
know best the context-specific positive and negative impacts of socioeconomic, political, and 
environmental changes that drive and shape changes in local livelihoods, living conditions, in-
cluding culture and worldviews (Salick & Ross, 2009). Nonetheless, several studies underline 
the persistent lack of recognition of Indigenous and local knowledge into research and policy 
agendas (Ford et al., 2016; Yap & Watene, 2019; Chakraborty & Sherpa, 2021; Reyes-García 
et al., 2022). The assessment of local reports and evaluations of the relative importance of such 
drivers of local changes based on their negative and positive impacts is crucial to understand-
ing people’s concerns, viewpoints, and well-being aspirations; and – based on that – to improve 
future adaptation planning by bridging local, Indigenous, and scientific knowledge (Tengö et al., 
2017; Reyes-García et al., 2019).

In direct response to this need, this chapter assessed the perceptions of Kolla-Atacameños Peo-
ple and local communities in an area from the Argentine Puna ecoregion. The chapter focuses on 
understanding the relative importance of climate change in relation to other drivers that shape 
changes in and imply impact on the local environment, livelihoods, and living conditions. For this, 
we (1) describe observed changes in the local environment, livelihoods, and living conditions, (2) 
identify the main drivers of such changes, (3) assess the relative importance of each of the drivers 
regarding their impacts from a local perspective, and (4) determine the associated positive and 
negative local impacts of such drivers. The chapter ends with a discussion of the potential dif-
ferences in prioritization between Indigenous Peoples and the local community in a region of the 
Argentine Puna and the research and policy agendas.
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Methodology

Study area

This study was carried out in an the Argentine Puna in the department of Antofagasta de la Sierra 
(between 25°10′ and 26°55′S; and 66°30′ and 68°35′ W) in the province of Catamarca (Figure 8.1). 
The department of Antofagasta de la Sierra is an area of roughly 29,000 km2 with a population 
of about 2,000 inhabitants according to the latest published national census (INDEC, 2022). The 
capital and market center of the department is the homonymous town Antofagasta de la Sierra. In 
addition to the capital, there are only three more villages in the department: El Peñon, Antofalla, 
and Los Nacimientos, and some dispersed settlements, permanently or semi-permanently inhab-
ited, locally known as ‘puestos’. Puestos are generally associated with ‘vegas’, a type of key wet-
land which provides main ecosystem services such as freshwater provision, carbon storage, and 
pastures for livestock (Izquierdo et al., 2018b).

The Argentine Puna is part of the High Andean Plateau, with an average altitude of 3,500 
m.a.s.l. The area is an arid climate region according to the Köppen-Geiger climate classification, 
with an annual mean temperature of 8°C and annual precipitation between 100 mm in the northeast 
and 400 mm in the southwest. Most rainfall concentrates in the summer months from December 
to March (Burkart et al., 1995).

The region of Antofagasta de la Sierra was already inhabited 11,000 years ago by the Diaguitas 
and Kolla-Atacameños Indigenous peoples (Martinez, 2018). The first inhabitants were hunters and 
gatherers organized in small groups which concentrated mainly in ravines and meadows. Currently, 
the area is inahited by Indigenous Peoples who recognize themselves as Kolla-Atacameños and 
local community who recognizee themselves as “criollos”. Their main livelihood is the traditional 

Figure 8.1 � Study site location in Argentine and Catamarca borders (A) and in the Antofagasta de la Sierra 
department (B).
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pastoralism of llamas and sheep. Until recently, people in the area practiced transhumant pastoral-
ism, keeping the livestock in pastures at lower altitudes, near the main houses, during the winter 
and moving it to higher and remote fields during the summer months, a practice well adapted to the 
extreme climate and environmental conditions of the Puna. However, traditional pastoralism in the 
Argentine Puna is decreasing. First, current climatic trends toward a decrease in humidity and an 
increase in drought events imply adverse and threatening climate conditions for traditional liveli-
hoods (Morales et al., 2015, 2023). Second, due to different factors such as increasing employment 
in mines, easier access to technologies and amenities in urban areas, and resulting rural–urban mi-
gration, pastoralism is decreasing, and transhumance is being abandoned (Izquierdo et al., 2018a). 
Although the region has been important for mining activities since the Jesuits’ time (1608–1767), 
in recent years, the mining industry has experienced an unprecedented boom, especially due to a 
growing interest in the lithium reserves in the area (Izquierdo et al., 2015, 2018a).

Methods

Data collection took place in the town of Antofagasta de la Sierra, and the three villages El Peñon, 
Antofalla, and Los Nacimientos. We followed the LICCI protocol (Reyes-García et al., 2023) and 
divided the research into two phases. In the first phase, from October 2019 to February 2020, we 
used qualitative data collection methods to identify perceived changes in the local environment, 
livelihoods and living conditions, and the associated drivers of these changes. We conducted a 
total of 23 semi-structured interviews (SSI) and three focus group discussions (FGD) with three 
to seven participants. We used quota sampling for the categories of gender, age group, and liveli-
hood (expertise) to select participants. SSI and FGD lasted between 1 and 1.5 hours and were 
conducted in Spanish, the national language, spoken by all participants. We first asked generally 
about any observed changes, and for each reported change, we asked about the potential drivers of 
such change. We then asked explicitly about changes and their drivers in the local natural environ-
ment (atmospheric, physical, and life system, including flora, fauna, and human activities), with 
a special focus on climate-driven changes. Using information from the interviews, we identified 
five main drivers of local change: climate change, technology, transport, mining, and migration.

In the second phase, we conducted 78 surveys to collect individual perceptions of positive and 
negative impacts that arise from the five main drivers of change. All interviewees were household 
heads. The number of selected household was proportional to the population size of each village. 
Households were selected based on simple random sampling, while household heads were selected 
based on convenience quota sampling to achieve an approximately even distribution across gender 
and age groups. First, we assessed how the interviewees perceived the relative importance of the 
five main drivers of changes in the local environment, livelihoods, and living conditions. We did so 
by asking participants to rank the different drivers of change on a scale from 1 (most important) to 
5 (least important), according to the impacts they have on their livelihoods and living conditions. 
Then, we asked if those drivers imply any positive or negative impacts, and which ones.

Results

Observed changes in the local environment, livelihoods, and living conditions, 
and their main drivers

Through the semi-structured interviews, we identified 31 changes in the local environment, live-
lihood, and living conditions. Reported changes include changes in precipitation and snowfall 
(e.g., fewer but more extreme rainfalls), changes in water availability (e.g., a decline in the water 
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volume in streams and wetlands), changes in the pastures (e.g., a decrease in the quality and 
quantity), changes in the behavior of wild fauna (e.g., increase in the cougar predation on live-
stock), changes related to invasive species and pests (e.g., the appearance of weeds or insects), 
and changes related to housings (e.g., increasing roof damages). Twenty-four of those reported 
changes were directly linked to climate change. For example, a decline in the size of wetlands was 
directly associated with a decrease in snowfall and rainfall, while damaged roofs were linked to 
more frequent heavy rainfalls. Other observed changes include higher temperatures and sunshine 
intensity. Some climate-related changes relate to soil (e.g., greater and faster drying) and ice (e.g., 
less ice formation or thickness). Informants also reported changes in livestock and crop cultiva-
tion, mainly a decrease in pasture and crop productivity as a direct consequence of higher aridity. 
Seven observed changes were not associated with climate change but with socioeconomic and 
political drivers such as technology, infrastructure, mining activities, and rural–urban migration. 
For example, people related new pests and insects with the arrival of trucks that bring products 
from other areas.

In total, we identified five main drivers of change on the local environment, livelihoods, and 
living conditions in the study area: (1) the arrival of technology (i.e., electricity, water network) 
and communications infrastructure (i.e., phone coverage and internet connection) (hereafter tech-
nology); (2) improvements in the transport system and road networks (i.e., road paving, traffic) 
(hereafter transport); (3) extension of mining activities (hereafter mining); (4) rural–urban migra-
tion (hereafter migration); and (5) climate change (Table 8.1).

Ranked importance of main drivers of local changes

When asked about the relative importance of each of the five main drivers regarding their impacts 
on the local environment, livelihoods, and living conditions on a scale from 1 (most important) to 
5 (least important), interviewees evaluated changes generated by technology and transport as the 
most important drivers of change (weighted mean 1.9, respectively), followed by mining (weighted 
mean 3.4), climate change (weighted mean 3.5), and rural–urban migration (weighted mean 4.4).

Table 8.1 � Reported changes in the local environment, livelihoods, and living conditions related to climate 
change and unrelated to climate change and the number of times each was mentioned in the 
semi-structured interviews. The direction of change is shown with arrows indicating (increase),  
(decrease), (later), (temporality changes)

Reported changes in the local environment, livelihoods,  
and living conditions.

System Direction Times 
mentioned

Climate change related
Changes in the intensity/strength of rainfall (not further specified). Atmospheric 12

Changes in the temperature during the day. 9

Changes in sunshine intensity. 6

Changes in the amount of snowfall. 6

Changes in the timing (onset or end) of seasons. 5

(Continued )
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Table 8.1  (Continued)

Reported changes in the local environment, livelihoods,  
and living conditions.

System Direction Times 
mentioned

Changes in the length/duration of rainfall events. 3

Changes in the amount of rainfall in a given season. 8

Changes in the length/duration of drought. 4

Changes in mean rainfall (not further specified). 7

Changes in temporal distribution of rainfall. 5

Changes in the predictability of rainfall. 8

Changes in mean temperature (not further specified). 7

Changes in freshwater availability. Physical 9

Changes in freshwater transparency. 1

Changes in river/stream water flow, volume, level, and/or depth. 5

Changes in the thickness of ice in lakes or rivers. 1

Changes in wetland surface. 4

Changes in river/stream water flow, volume, level and/or depth. 4

Changes in soil evaporation. 7

Changes in the abundance of terrestrial fauna (mammals, birds, 
reptiles, insects, etc.).

Life 2

Changes in pasture productivity. 11

Changes in crop productivity/yield. 5

Changes in the frequency of crop ‘pests’ (insects, birds,  
larvae, etc.).

2

Changes in the frequency or occurrence of weed species stated as 
invasive.

2

Unrelated to climate change
Changes in infrastructure (routes, transport). Physical 4

Changes in public services access (electricity, internet, freshwater 
network).

6

Changes in herbivory interspecific competition (livestock vs. 
vicuña).

Life 3

Changes in the abundance of terrestrial fauna (mammals, birds, 
reptiles, insects, etc.).

22

Changes in predation rates (livestock predation by cougar). 13

Demographic changes (rural–urban migration). 7

Changes in availability of paid jobs (mining). 5
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While technology and transport were more often ranked under the categories ‘most important’ 
(rank 1) and ‘very important’ (rank 2), migration was the most frequent driver ranked under the 
category ‘least important’ (rank 5). Climate change was most often ranked as ‘medium important’ 
(rank 3), while mining was in most cases considered as ‘less important’ (rank 4). Specifically, 42% 
of the interviewees considered technology as the ‘most important’ and 35% as ‘very important’ 
driver, while 37% of the interviewees ranked transport as ‘most important’, and 42% as ‘very im-
portant’. On the other hand, 33% of the interviewees evaluated migration as ‘less important’ and 
54% as ‘least important’.

A total of 85% of informants ranked climate change as medium to least important, with a clear 
tendency toward ‘medium important’ (37%). Similarly, 76% of the interviewees ranked mining 
between ‘medium important’ and ‘least important’, with the highest frequency under ‘less impor-
tant’ (31%) (Figure 8.2).

Perceived positive and negative impacts associated with the five main drivers  
of local changes

The results show that study participants considered drivers of positive changes as more important 
than drivers of negative or ambiguous (positive and negative) changes. Technology and transport 
were overwhelmingly evaluated as drivers of positive changes – by 95% and 96% of the inter-
viewees, respectively (Figure 8.3). In turn, climate change was mostly perceived as a driver of 
local changes with negative impacts (in 90% of the interviewees), with only 9% of the respondents 

Figure 8.2 � Ranking of the different drivers of change according to locally perceived impact on local 
livelihoods.
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perceiving climate change as entirely positive, and 1% of the respondents considering as both, 
positive and negative (Figure 8.3). Mining was classified more heterogeneously: 37% of the inter-
viewees perceived it as a driver generating negative changes, 29% as a driver of positive changes, 
22% as a driver of both negative and positive changes, 9% considered it as neutral, and 3% of the 
interviewees did not respond or didn’t know what to answer (NR/DK). The impacts of migration 
were considered by 42% of the interviewees as negative, by 24% as neutral, by 17% as positive, 
and by 13% as both, negative and positive. 4% of the interviewees did not respond or didn’t know 
what to answer (NR/DK).

The different positive and negative impacts reported by interviewees for each driver of local 
changes are presented in Figure 8.4. When discussing the benefits of technology, interviewees 
argued that new technologies (e.g., mobile phones, internet) are the best and easiest means of 
communication (53% of the interviewees) and increase their connectivity with the world, thereby 
allowing them to meet and make themselves known to other cultures (41%) (Figure 8.4).

The positive impacts of transport included eased mobility (36% of the interviewees), better 
access to and from the region (29%), better conditions for commerce (23%), and regional devel-
opment (8%) (Figure 8.4). One interviewee reported exclusively negative impacts referring to the 
increase in traffic, which disturbs the characteristic peace and tranquility of the region (Figure 8.4).

Among the negative impacts of climate change, interviewees reported a decrease in water avail-
ability (69% of the interviewees), harsher living conditions (15%), and other impacts such as 
higher unpredictability of rainfall or health impacts (4%) (Figure 8.4). The only perceived benefit 

Figure 8.3 � Distribution of interviewees’ responses regarding the impacts generated by each driver of 
change in four different directions: positive, negative, both, and neutral; and percentage of 
non-responders.
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of climate change was that the increase in temperature makes people feel less cold, so they can 
wear less clothing (6%). 

The most heterogeneous responses were provided for the potential impacts and benefits of min-
ing. Interviewees perceived the increased employment opportunities (27% of the interviewees) 
and assistance (through corporate responsibility programs) (3%) as positive, while environmental 
(19%) and socio-cultural (15%) impacts were perceived as negative (Figure 8.4).

Responses with respect to migration were also heterogeneous. Some interviewees reported ex-
clusively positive impacts – mainly the improvement of living conditions (14%) and the value of 
the cultural exchange (1%) –, while others focused on negative impacts, such as population aging 
and the loss or weakening of local culture (42%) (Figure 8.4).

Discussion

Results show that, although Kolla-Atacameños People and local communities Antofagasta de la 
Sierra reported more observations of changes in the local environment, livelihoods, and living condi-
tions that are directly driven by climate change, they considered technology and transport as the most 
important drivers of local changes, while climate change, mining, and migration were considered 

Figure 8.4 � Perceived negative and positive impacts of local changes associated with technology, transport, 
climate change, mining, and migration.
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less important. At the same time, the drivers of changes perceived as most important (i.e., technology 
and transport) have mostly positive impacts according to interviewees, while less important drivers 
are associated with rather negative (i.e., climate change) or ambiguous impacts (i.e., mining and 
migration). This does not only show that the Kolla-Atacameños People and local communities in 
the study area recognize changes in the living conditions that are directly linked to technology and 
transport as beneficial, but also that such improvements play a major role and are a priority for them.

The apparent contradiction between the number of reported changes associated with climate 
change and the lower relative importance people assign to it as a driver of local changes might 
be due to the fact that parts of the data collection specifically focused on climate change and its 
impacts on the local environment and livelihoods. In this regard, our results could be understood as 
a certain discrepancy between the current concerns of Indigenous Peoples and local communities 
and the scientific agenda. Our results show that Kolla-Atacameños People and local communities 
in Antofagasta de la Sierra experienced changes and impacts in their local environment, liveli-
hoods, and living conditions from multiple socioeconomic and biophysical drivers. Other stud-
ies confirm that climate change, although experienced, is not necessarily perceived as the most 
impacting local driver, but one among many (e.g., Nyantakyi-Frimpong & Bezner-Kerr, 2015). 
Hence, our study highlights that climate change impacts are entangled in complex and interacting 
socioeconomic, cultural, and political processes and dimensions, and need to be addressed as such 
(Adger et al., 2013; Ensor et al., 2019). Increasingly, climate change research has acknowledged 
this need and called for more integrated and holistic approaches that frame and understand climate 
change impacts, vulnerability, and adaptation in a broader social, economic, and political context 
of multiple drivers, including stressors (e.g., O’Brien et al., 2004; Bennett et al., 2016), resulting 
in a recently growing number of publications on the topic (Räsänen et al., 2016). Our results re-
inforce this trend in which a growing number of case studies around the world acknowledge and 
assess local impacts and adaptation beyond just climate change (e.g., McDowell & Hess, 2012; 
Porcuna et al. (2024); Reyes-García et al., 2024).

Understanding, challenges, and opportunities derived from multiple drivers, including socio-
economic, political, and environmental transitions, are especially relevant for Indigenous Peoples 
and local communities who used to live in very isolated and harsh living conditions in mountain-
ous regions and are now confronting unprecedented transformations in the context of globalization 
(Dhakal & Kattel, 2019). On the one hand, it is recognized that globalization brings some positively 
evaluated benefits, such as technological advances and new income opportunities in the mining and 
tourism sector (Izquierdo et al., 2018a). On the other hand, the lower relative importance assigned 
to climate change is also found in other studies (e.g., Nyantakyi-Frimpong & Bezner-Kerr, 2015). 
In fact, it could be a co-product of simultaneous trends toward off-farm work and migration that 
lowers climate change vulnerability by reducing the direct dependency on natural resources (Antwi-
Agyei et al., 2014; Cannon, 2014). However, most benefits come along with some trade-offs that 
should not remain without critical reflection. In this regard, the circumstance that Kolla-Atacameños 
People and local communities in the study area evaluate changes that improve their lives of higher 
relevance should not downplay and detract from the fact that they express serious cultural, social, and 
environmental concerns related to climate change, mining, and migration. Concerns such as cultural 
and social uprootedness associated with switching from traditional livelihoods to off-farm work and 
migration expressed by study participants are supported by other studies (Adger et al., 2013). Several 
studies highlight additional economic and social risks, such as income dependencies on international 
markets and price fluctuation and a decrease in food sovereignty (Galappaththi & Schlingmann, 
2023). Furthermore, a weakening or even loss of Indigenous and local cultures impacts biocultural 
diversity (Fernández-Llamazares et al., 2020), for which Indigenous and local knowledge is a key 
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component of adaptation strategies. For instance, even though the Argentine Puna ecoregion is expe-
riencing an aridization trend (Morales et al., 2015), a study that analyzed the productivity of ‘vegas’ 
(i.e., natural wetlands and key pastures for livestock in the region), indicated that the adoption of 
management practices traditionally used by Indigenous Peoples and local communities can enhance 
the productivity, stability, and resilience of these crucial ecosystems (Navarro et al., 2020). Addi-
tionally, the current trends toward an expansion of lithium mining activities in the Argentine Puna 
ecoregion in direct response to a growing global demand for electric vehicles fostered by current 
climate mitigation policies (Voskoboynik & Andreucci, 2022) are a major concern for both scien-
tists and decision-makers. Scientists point to the socio-environmental impacts (i.e., competition for 
the limited freshwater resources) (Izquierdo et al 2015, 2018a; Liu & Agusdinata, 2021) or nature 
conservation issues (Gajardo & Redón, 2019; Marconi et al., 2022); while decision-makers empha-
size socioeconomic benefits arising from mining (e.g., local and regional jobs, national royalties)  
(Ministerio de Desarrollo Productivo, 2021; Díaz Paz et al., 2023). Interestingly, those who are di-
rectly affected by the mining activities, that is, Kolla-Atacameños People and local communities in 
the Argentine Puna region, bring together the views of scientists and decision-makers by referring 
to both the positive and negative impacts of mining. Importantly, the fact that one-fifth of the study 
participants report environmental impacts derived from mining, specifically referring to excessive 
water extraction, while almost 70% expressed concerns about lack of water due to climate change, 
should be understood as a warning of potential water conflicts between different actors and demands 
(e.g., mining, livestock, drinking water) (Jerez et al., 2021). To avoid Kolla-Atacameños People and 
local communities in the Argentine Puna region being left empty-handed and suffering most of the 
negative consequences, it is important that they are integrated as main actors in decision-making 
processes surrounding future regional development planning, that should consider potential negative 
and interacting impacts deriving from climate change and lithium mining (Sovacool, 2021).

The need to bridge different knowledge systems in climate change research and decision-
making has been established in political instruments, such as the fifth assessment report (AR5) of 
the Intergovernmental Panel on Climate Change (IPCC), and scientific articles (e.g., Reyes-García 
et al., 2016). Nonetheless, how to best realize this integration is still debated (see Salick & Ross, 
2009), given the manifold challenges in transferability, integration, and scalability of different 
systems of knowledge (Reyes-Gracía et al., 2019), and the complexity and potential discrepancies 
of perceptions at local (Byg & Salick, 2009), regional and global scales, and across different actors 
(Finnis et al., 2015). These discrepancies do not necessarily mean a problem and should rather be 
understood as a warning, especially for decision-makers, to be aware of global trends that may 
produce urgent, critical, and relevant impacts in the future (e.g., Pörtner et  al., 2022), without 
neglecting the priorities and concerns of Indigenous Peoples and local communities. We advocate 
that the primordial step is to recognize first-hand Indigenous and local knowledge and worldviews 
and to scale Indigenous Peoples and local communities’ primary concerns to the political and 
research agendas. For this, we should ask these stakeholders about their priorities and urgencies, 
consider their views from the beginning into the research design, and acknowledge the complexity 
of multiple drivers that shape and impact the local environment, livelihoods, and living conditions.
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Introduction

The contemporary history of Portugal is tightly linked with fishing. Throughout the Middle Ages 
and up to the 1830s, small-scale fishing was mainly performed within designated areas, in rivers, 
lagoons and estuaries, following authorisation of the private, monastic or regal landowner (Coelho,  
1995). The activity involved payment of rent and taxes, as well as membership fees in local broth-
erhoods or cofrarias, that reduced fisher’s yield and monetary returns (Santos et al., 2012). The 
liberal revolution in the early 19th century (Costa Pinto and Monteiro, 2020) led to a political and 
social reconfiguration that increased the importance of fishing for making a living (Garrido, 2018). 
In the 1830s, the legislative abolition of taxes and religious or social obligations and the passage 
of fisheries’ administration to the state, turned fishing into the most important activity for coastal 
and riverine communities in Portugal (Garrido, 2018). The importance of fishing was reinforced 
in 1864 by a regal decree that declared water, coasts and seabed as public property administered 
by the state. By the end of the 19th century, a large fraction of the active population near the coast 
were living from fishing (Baldaque da Silva, 1892) or were employed in the sardine (Sardina pil-
chardus) canning industry that was starting to grow in the country (Pulido Valente, 1981).

The western coast of mainland Portugal is exposed to the swell and winds from the northeast 
Atlantic Ocean. These create highly energetic littoral environments and shape coastal topography. 
Rivers in northern and central Portugal provide a sedimentary outflow that follows a southwards 
littoral drift according to the prevailing wave regime (Lira et al., 2016). Long stretches of exposed 
lowland coastal areas in northern and central Portugal are covered with sandy dunes and its char-
acteristic sparse vegetation (Costa et al., 2000). Sandy dunes could once reach several kilometres 
wide and become highly mobile under the influence of the wind, particularly in landscapes void 
of trees. For many centuries most exposed oceanic coasts were probably desert (terra nullis in 
citation of Freitas et al., 2018). Until the end of the 19th century, these stretches had a positive 
sedimentary budget (accretion) with a net supply of sand piling onto the coast (Freitas et al., 2018).

This chapter has been made available under a CC-BY-NC-ND license.
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Such coasts were rather hostile environments for humans (Freitas, 2007), where occasional 
flooding after heavy rain formed wetlands attractive for mosquitoes, vectors of diseases like malaria 
(e.g., Palma et al., 2022). Like in most of the European Atlantic coastline, until the 20th century, 
few people lived along the open coast of mainland Portugal. The main regular human presence 
was fishers who temporarily settled during the summer months, when storms were less likely and 
wave height diminished, reducing the risk of capsizing in the surf area (Freitas et al., 2018). Up to 
the 18th century, most of these fishers created temporary coastal settlements (perishable wooden 
structures with thatched roofs known as palheiros – Freitas et al., 2018) and moved to the interior 
during the harsher winter months (Garrido, 2018). Accumulated experience from trial-and-error 
practices that sustained survival in such demanding environments allowed fishing communities 
to create a wealth of traditional ecological knowledge (TEK) (Freitas et al., 2018). Among other 
benefits to local communities, TEK allows them to make use of locally available resources and 
existing technologies to create societal responses to cope with adverse and dynamic environmental 
conditions (Berkes et al., 2000). This body of knowledge is transmitted across generations through 
oral history and cultural practices and may be lost when significant sociodemographic changes take 
place in a community (Freitas et al., 2018; Delgado-Ramírez et al., 2023; Stratoudakis et al., 2023).

Early fishers’ settlements in the sandy lowland of the Portuguese coast were mostly linked 
to the seasonal operation of Arte-Xávega (beach seines). Summer weather conditions permitted 
fishing for sardine, horse mackerel (Trachurus trachurus), chub mackerel (Scomber colias) and 
related species in shallow coastal areas with sandy bottoms (Cabral et al., 2003). The Arte-Xavega 
consisted in using an encircling gear towed to the beach using an auxiliary vessel (“chaveiro” or 
“semi-liua”) and human or animal force to pull the net onshore with long ropes (Martins et al., 
2000). Fishing communities using Arte-Xávega started to settle permanently along the coast dur-
ing the late 18th and 19th centuries to provide food for increasing city populations and services 
for the increasing numbers of beachgoers (Freitas, 2007). Fishing with Arte-Xávega occurs at the 
land-ocean interface and demands a plurality of skills and understandings, simultaneously requir-
ing knowledge on fish species and habitats, understanding of oceanographic forcing in very dy-
namic environments, and skills to interpret signs in coastal morphology and local economy (Smart 
Fishing, 2021). Nowadays Arte-Xávega is considered Immaterial Cultural Heritage in Portugal 
(INPCI, 2021) and is still practised in several coastal municipalities, mainly in central Portugal.

The aim of this chapter is to capture and compare the environmental knowledge, practices and 
adaptations of Arte-Xavega over the past century in two neighbouring communities that settled at 
two different periods of time. The selected communities are less than 10 km away from each other 
and share a very strong common inheritance related to fishing and, especially, Arte-Xávega. In 
both places, experience, thoughts, emotions and social relationships have been for many genera-
tions locally structured by artisanal fishing, from which individuals and communities have been 
deriving meaning, beliefs, symbols, values and feelings (Chapin and Knapp, 2015). These com-
munities have been locally modifying their socio-environmental surroundings through mind facts 
and artefacts related to Arte-Xávega (D’ Ambrosio, 2001). In-depth interviews, directed question-
naires, literature information and participant observations were used to describe a century of ex-
perience, observations and interpretations of socio-environmental changes and respective impacts 
on fishing practice. In the process, sense of place and worldviews based on the local relation with 
fishing and the sea were described and compared between these two fishing communities on the 
Atlantic coast of central Portugal, where climatic change is perceived as just one among the drivers 
of change affecting their daily life and income. Minor, but perceptible, differences emerging in the 
way of life and worldviews of the two communities are also used to hypothesise on the direction 
of possible changes in the coming decades.
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Material and methods

We worked in two communities founded by Arte-Xavega fishers in the late 18th and the early 
20th centuries, Costa de Caparica (CdC) and Fonte da Telha (FT), respectively. Both communi-
ties are in the Municipality of Almada on the Atlantic coast southwards of the river Tagus’ estuary  
(Figure 9.1). The sites extend along an exposed oceanic stretch of 20 km from the southern tip 
of the Tagus estuary to the Albufeira lagoon, a semi-enclosed coastal lagoon near Cape Espichel. 
Landwards of the sandy stretch and its system of dunes (Palma et al., 2022), a Protected Landscape 
Area that has existed since 1984, classified for its geological, geomorphological and landscape 
value. The southernmost part of the Protected Landscape has also been a Botanical Reserve since 
1971 (Oliveira, 2015).

Although very close to the capital (less than 20 km by road from the centre of Lisbon), the two 
sites differ in their degree of exposure to urban life. Currently, CdC is a large peri-urban agglom-
erate of 15,000 permanent inhabitants, administratively considered a city since 2004. During the 
summer, CdC multiplies several times its population and becomes culturally invaded as a result 
of beach-going, surfing and tourism by seasonal holiday homeowners from Lisbon and by inter-
national visitors. CdC fishers are currently concentrated in a neighbourhood at the southern city 
limit, close to where they deploy their vessels. This differs from the central location they occupied 
since the original settlement and up to 50 years ago. The closest fishing port is Trafaria, at the edge 
of the Tagus estuary (Figure 9.1). FT, although just 6 km southwards of CdC along a continuous 

Figure 9.1 � Location of study sites in Portugal and related place names. (A) Trafaria, (B) Costa de Caparica, 
(C) Lídio Galinho (founder and president of fishery association Ala-Ala) signing the Free Prior 
Informed Consent before the livelihood interview, (D) Fonte da Telha, (E) Lagoa de Albufeira, 
(F) Cape Espichel.
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sandy beach stretch, remains an isolated village with a single road entry that splits along the coast 
into the fishers’ neighbourhood northwards and the touristic neighbourhood southwards. Both sites 
have a lota, a fish auction house where local landings are marketed daily. During the summer, 
some transactions with tourists also occur on the beach.

Fishing takes place along 10–12 km of sandy beaches (Figure 9.1 – southwards of the groynes 
and seawall that delimit the touristic area in CdC and northwards of Lagoa de Albufeira) and up to 
1.5 km from the coast. Landmarks along this stretch with local toponyms identify the main spots 
for gear deployment (lanços) in a fishing activity without territoriality. The predominant benthic 
habitat is mobile sediment (sand) with a gentle slope (Freire, 1986) that frequently leads to resus-
pension due to wave action (fishing area mostly less than 20 m deep). Arte-Xávega remains the 
emblematic fishing activity in both sites, with vessels and gear currently deployed with the help of 
tractors (Martins et al., 2000). A net of approximately 500 m wide is towed landwards from 1 km 
offshore by tractors and with the assistance of a crew of about 20 people (companha, which can 
include women and teenagers), of which three to five are in the boat. Activity is seasonal (usually 
from March–April to October–November) as during rough weather the boats cannot overcome the 
surf zone. During the summer tourist season, fishing operations are regulated to start in the evening 
and stop in the morning. Fishers in the two sites also perform other fishing activities, especially 
with trammel nets operated from the same or from other fishing vessels (Souto, 1998). Vessels are 
either deployed from the beach or come out from Trafaria. Fishing may also involve gill nets, lines 
and long-lines, especially within the Tagus estuary, which offers an alternative fishing area under 
rough oceanic weather. In total, fishing involves 34 small-scale vessels in the two sites (16 in CdC 
and 18 in FT) and over a hundred fishers in each site, many of them women.

The encounter spaces in an investigation are fundamental elements for the dynamics of the 
dialogue that sustains it (Mesquita et  al., 2016). Previous research carried out in this territory 
with the fishing communities follows a trajectory of active participation and action, promoting 
co-construction of knowledge where fishers become researchers of their own practices. These 
fishing communities have been working with the same research group since 2008, initially on 
D.A.R. Costa Tr@nsFormArte (a government project of local intervention) and Urban Bounda-
ries (http://fronteirasurbanas.ie.ul.pt/). Ties were further strengthened with the development of the 
Oceanic Literacy Observatory – OLO (www.olo.blue) in 2016 and the formal integration of some 
members of the fishing community into it. More recently the Partibridges (https://partibridges.eu/
partibridges-portugal/) and Smart Fishing (http://smartfishing.olo.blue/) projects have encouraged 
the co-construction of a shared interest in the development and sustainability of local artisanal 
fisheries. In this journey, a bond of belonging to local causes, both fishing and academic, has been 
created. This facilitated the entry and active participation of fishers in research on climate change 
impacts following the LICCI protocol (Reyes-García et  al., 2023), fostering their interest and 
willingness to share knowledge and behaviours, strengthen their trust and participatory action. It 
also allowed fishers to expand their circle of trust by interacting with a new researcher on a new 
topic – through a critical and slow social pedagogy (Mesquita et al., 2016). Finally, this bond also 
permitted the inclusion of a critical ethnographic context in the current research (Thomas, 1993), 
tapping on the past experience of the research team members consolidated during the site contacts 
for the new research topic (direct and participant observation).

The fisheries LICCI protocol was followed (Miñarro et  al., 2020). COVID limitations pro-
longed the research for almost two years and permanently interrupted the interview with Lídio 
Galinho, the president of an influential local fishers’ association (see acknowledgements). Liveli-
hood interviews took place with the most senior members of the two communities (four men and 
three women, 64–94 years old). Thematic questions were prepared following a standardised pro-
tocol (Miñarro et al., 2020; Reyes-García et al., 2023), but the interviewees were left to provide 

http://fronteirasurbanas.ie.ul.pt
http://www.olo.blue
https://partibridges.eu
https://partibridges.eu
http://smartfishing.olo.blue
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additional information and memories they considered fit in the conversation. Memories and sig-
nificant events reported in the interviews were cross-checked with selected literature (Freire, 1986; 
Rodrigues, 2000; Silva, 2008; Oliveira, 2015) and online sources of information (e.g., historical 
archives from the Municipality of Almada and Lisboa) to construct the timeline of the study site. 
An interview regarding species used was transformed into a questionnaire that was responded to 
by 18 fishers (7 from CdC and 11 from FT, 32–78 years old and a mean fishing experience of 41 
years). Livelihood interviews (3) and questionnaires (3) included women respondents from both 
sites, but gender analysis was not an objective of this study.

Questionnaire respondents had a mean age of 58 years old and came from families that, on av-
erage, had already had the three previous generations into Arte-Xávega fishing. Some respondents 
represented the fifth generation, thus also providing information to consolidate the local timeline. 
Each fisher provided a list of species caught nowadays, in decreasing order of abundance in the 
catch, and further indicated whether abundance had changed since that person started fishing (five 
levels response scale: Decreased a lot, Decreased, Unchanged, Increased, or Increased a lot since 
onset of fishing). Other questions focused on whether species had appeared or disappeared since 
the onset of fishing, including those with no commercial interest, and whether the number of 
weekly meals including fish had changed over the past 20 years. The LICCI classification tree 
was used to specify typologies of change for the atmospheric, physical and life systems (Reyes-
García et al., 2023). Informed consent was provided in writing before the interviews. Validation 
was based on the degree of overlap between the livelihood interviews and the questionnaires. Dif-
ferences in questionnaire replies between the two sites and between past and present, by site and 
overall, were tested with Wilcoxon rank sum tests.

Results

The timeline presented in Figure 9.2 spans from the end of the 19th century to the present across 
four national political phases. It reports temporal marks that have shaped coastal, marine and fish-
eries operations in Portugal during that period, as well as regional or local development acts and 
events (the latter reported for CdC but covering the two sites).

During the end of the 19th century, CdC was a large fishing community isolated from the rest 
of the municipality and from urban centres. Approximately 700 fishers and another 500 people of-
fering land assistance (fish work) were almost exclusively dependent on Arte-Xávega and sardine 
fishing. This period is within the indirect memory span of the oldest fishers interviewed, evoked 
through comments and memories transmitted from parents or grandparents. During that time, life 
was harsh and largely dependent on intra-community solidarity, particularly among members of 
the companha of each vessel who tended to live in neighbouring palheiros, as well as on the capac-
ity to culturally transmit traditional knowledge on the marine resource system and the fishing prac-
tices to guarantee food and survival. Fatal accidents during the artisanal fishing operation occurred 
frequently and required the solidarity of the families of surviving members of the companha to 
fend for the descendants of the deceased. The Costa Pinto fire in the 1880s was the onset of basic 
improvements in housing in CdC, since, before that moment, palheiros did not have even basic 
infrastructures available. Further improvements were introduced with the Casa dos Pescadores, 
until arriving more recently to the current Bairro dos Pescadores with good housing conditions, 
but peripheral to the city centre.

Events specifically reported for FT in Figure 9.2 demonstrate the delayed process of com-
munity settlement, compared to CdC. Contrastingly to CdC, permanent settlement of fishers in 
FT only started in the 1930s. This is within the direct memory span of some interviewees that 
moved there as young children within the families of the first settlers. Brick houses, sanitation and 



Yorgos Stratoudakis et al.

156

Figure 9.2 � Infogram of historical timeline from the late 19th century onwards, based on the span of interviewees’ memories and supported by literature review 
(asterisk indicates events mentioned during the interviews).
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electrification only occurred in FT during the 1990s, while the process of property registration is 
still ongoing. This later settlement and the continuing village isolation from urban settings can 
explain some of the distinctions in the sense of belonging to the place detected in the two com-
munities (Table 9.1). Despite the close geographical proximity, the common provenance of some 
community members, and the identical fishing practices, there are detectable differences in the 
daily life, mind facts and artefacts that currently shape the way of living in the two sites. Some 
of the fishing materials and practices (including the organisation of storing space for gear next 
to their home within quintais) in FT are still related to the traditional operation at the origin of 
these communities, while in CdC more modern practices have been adopted. Reduced topological 

Table 9.1 � Common and distinctive elements in the sense of place attributed to fishers from Costa de Ca-
parica and Fonte da Telha, based on ethnographic observations consolidated with interviews and 
participant observation

   Costa de Caparica (CdC) Fonte da Telha (FT) 

Sense of Place
(common element in CdC 

and FT)

(distinctive element in CdC) (distinctive element in FT)

Daily life and income
(Fishermen, more than 

fisherwomen, frequent the 
local Lota on a daily basis)

Daily routine not only around 
fishing and fish work (some, 
especially in younger 
generations, also have other jobs) 

Some fishers do not live in CdC

Daily routine and individual 
occupations are all around fishing 
and fish-work, including younger 
generations 

All fishers live in FT
Mindfacts
(Fishing identity related to 

Arte-Xávega; 
Relationship with the ocean 

and its natural elements)

Sense of belonging to the fishing 
community of CdC is intertwined 
with a sense of urbanity, where 
the fisher is inserted and makes 
part of

The fishing community does not 
reveal unity in its topology, 
fishers isolate in the modern 
Alvéolo

Sense of belonging to FT is deep 
and remains inextricably linked 
to fishing practices, especially 
Arte-Xávega

The fishing community reveals 
unity through its topological 
distribution, by its feeling of 
neighbourhood

Artefacts
(Fishing arts; 
Revenue repartition within 

companha; 
Dynamic and static 

references to fishing 
practices;

Landmark toponyms as 
lanços)

Some companhas need to find 
fishermen in FT to mend their 
nets

All fishing materials are 
industrialised

Fisher storing places are part of the 
national coastal rehabilitation 
project (POLIS). Fishers still 
denominate the modern structure 
with its ancestral name – Alvéolo. 
All fishers have an identical 
space, built by an architect, 
with reduced space for storage. 
The houses of fishers are far 
from this place, sometimes in 
CdC, sometimes in another 
municipality.

Fishermen mend their nets locally
Some fishing materials are 

handmade, still produced locally 
in wood (needles) and cotton 
(pieces of nets)

Fisher storing places are traditional, 
on sand, between the ocean and 
the fisher homes. Fishers still 
denominate the storing places as 
Quintais – as their ancestors. Each 
Quintal occupies the traditional 
place where each family has 
constructed them, with a tendency 
to enlarge them to add new or 
more artefacts. The Quintais vary 
in size and attend to the space that 
each fishing family needs. 
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proximity and diversification of income sources, especially for the younger generations of fishers, 
are also signs that urbanisation in CdC is modifying daily dynamics and routines away from the 
all-embracing role that artisanal fishing had on previous CdC generations and still has in FT.

Figure 9.2 also describes the changes that took place in the local Arte-Xávega fishing during the 
past 40 years (reported for CdC but applying to both sites, practically at the same time). Mechani-
sation, through the use of boat engines and tractors, and technological innovation, through the use 
of more resistant fishing material and weather predictions, created safer conditions, prolonged oce-
anic operations and increased fishing effort. In parallel, livelihood interviews indicated that, until 
the fisher generation before the present, all meals in these two communities were fully dependent 
on fish, either fresh during the fishing season or salted dry in winter when weather did not permit 
fishing. In the questionnaires, fishers reported a current median of seven meals per week contain-
ing fish. The difference with fish consumption 20 years ago is statistically significant (W = 47.5, p 
< 0.001), without significant differences between the two sites. Nowadays, approximately half of 
the sample (56%) still only consume fish they have captured, while the rest also buy from the local 
fish market, again without significant differences between the two sites.

The questionnaire replies reported 44 marine taxa as part of the current catch in Arte-Xávega 
belonging to 41 species or genera, of which seven were invertebrates. Three names were collo-
quial names for juvenile forms of sardine and horse mackerel. More taxa were reported in CdC  
(median: 9; total: 38) than in FT (median: 5, total: 26), and the difference was highly significant 
between sites (W = 8081, p < 0.001), although there was no significant difference in the number 
of species listed according to fishers´ age, years fishing, or years since settlement. Chub mack-
erel, horse mackerel and squid (Loligo sp.) were mentioned by all fishers, and sardine, Henslow’s 
swimming crab (pilado, referring to Polybius henslowii), and jellyfish (alforrecas, referring to 
Catostylus tagii) were mentioned by all but one. Half or more also mentioned garfish (Belone 
belone) and seabream (Sparus aurata). More than a quarter mentioned salema (Sarpa salpa), cut-
tlefish (Sepia oficinalis), meagre (Argyrosomus regius), seabass (Dicentrarchus labrax), weavers 
(predominantly the lesser weaver Echiichthys vipera), bogue (Boops boops), annular seabream 
(Diplodus annularis) and other species of the genus Diplodus (sargos). In terms of current abun-
dance in the catch, there were no significant differences between the two sites: chub mackerel is 
currently considered the most abundant species, followed by horse mackerel and then sardine. 
Although mentioned less frequently, salema was ranked as slightly more abundant than the three 
invertebrate species (swimming crab, jellyfish and squid) that followed.

In relation to climatic changes reported, the most frequent changes observed relate to the ‘Ma-
rine physical’ subsystem and the subsystems ‘Air masses’ and ‘Seasons’ of the atmospheric sys-
tem. Practically, all fishers mentioned either a decrease in the number of windy days (vendavais), 
a decrease in the frequency of storms (maresias, tempestadas), or both, in recent years, with a 
consequent prevalence of milder weather and less agitated sea. A third of fishers from both sites 
also referred to changes in the seasonality, with the blurring and disappearance of seasons, the 
rapid (daily) modification of conditions and the prevalence of warmer weather. Several fishers 
from the two sites also mentioned an increase in sea level and the disappearance of the primary 
dune system. Some fishers provided more specific or additional information on the topics above. 
For example, some mentioned a decrease in the intensity of storms, a reduction of the duration 
of the season with storms (from autumn and winter to just winter), a delay in the period with 
northerly winds (nortadas), a reduction of the sand available to the coastal system, and warmer 
summer nights in recent times. Interestingly, the above impacted elements were also mentioned 
in the livelihood interviews, when asked about environmental changes they had experienced. The 
respondents further mentioned important changes related to a decrease in precipitation, including 
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the reduction of freshwater outflow from the river Tagus, more permanent closure of the Lagoa de 
Albufeira, and reduction of water runoff to the coast from the cliffs at FT in recent years, but these 
changes were not mentioned when responding to the questionnaire.

Fishers reported many changes in the marine biological system. All fishers answering the 
questionnaire mentioned that snipefish (Macroramphosus sp.) have disappeared from the catch in 
recent times and a third of the sample referred the same for the juvenile and/or adult of axillary sea-
bream (Pagellus acarne). Three fishers from CdC also mentioned the recent disappearance of juve-
nile blackspot seabream (Pagellus bogaraveo), four fishers from FT mentioned the disappearance 
of smooth-hound (Mustelus sp.), and three mentioned the disappearance of large horse mackerel 
(chicharo). During the interviews, but not during the questionnaires, the disappearance of sand-
lance (Ammodytes sp.) and juveniles of silver scabbardfish (Lepidopus caudatus) in recent decades 
was also mentioned. In relation to species still present in the catch but less abundant in relation 
to the onset of fishing, questionnaire replies indicated a decrease for sardine, which was found to 
be highly significant overall (V = 91, p = 0.001) and significant in each site (V = 21, p = 0.030 in 
CdC; V = 28; p = 0.018 in FT); a decrease for squid, highly significant overall (V = 111, p = 0.003)  
and significant in each site (V = 26.5, p = 0.035 in CdC; V = 32.5, p = 0.040 in FT); and a decrease 
for horse mackerel, highly significant overall (V = 45, p = 0.007), significant in CdC (V = 21,  
p = 0.032) but not when considering perceptions of temporal change only in FT (V = 6, p = 0.174).

A marginally significant decrease in yield was also detected overall for seabass (V = 15, p = 0.048).  
A large reduction in yield was also reported for mackerel (Scomber scombrus), but the species 

Figure 9.3 � Infogram of Arte-Xávega fishing and evolution during the study period, both socially (landscape 
and communities) and biologically (change in species presence and abundance in the catch) in 
Costa de Caparica and Fonte da Telha.
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was reported too few times for the answer to be statistically significant. On the contrary, there 
was a significant increase in reported current abundance of rays (Raja sp.) in the catch (V = 0, 
p = 0.038). For the remaining main species currently caught by Arte-Xávega (chub mackerel, 
swimming crab, salema and jellyfish), there was no evidence of significant change based on the 
interview responses, but some indication of non-significant increase in recent years for the latter 
two species (Figure 9.3).

When asked in the questionnaire whether the climatic changes reported above have had an im-
pact on fishing, most fishers answered affirmatively (only 22% denied it), but when asked whether 
this has led to a modification of fishing practices, the answer was predominantly negative (56% 
reported no change). A reference to climatic impacts on fishing practices was further presented in 
the livelihood interviews in relation to the past appearance of stranded brown algae on the beach 
(after southerly winds during winter months) that were collected, dried and sold. In recent decades, 
these kelp forests near Cape Espichel have disappeared and the activity has stopped.

Discussion

There is no doubt that, from the time the communities were originally settled to the present, ar-
tisanal fishing and Arte-Xávega have structured the way of living of fishers in CdC and FT. The 
livelihood interviews and timeline (Figure 9.2) showed that, in both places, fishing and fish work 
constituted the defining elements of daily family lives and routines and shaped individual and group 
identities and values. This corresponds to a worldview underpinned by artisanal fishing (Delgado-
Ramírez et al., 2023), where TEK contributes to livelihood practices and worldviews across gen-
erations (Berkes et al., 2000). However, the present study also revealed that in recent decades, these 
livelihoods have experienced a change in several dimensions of life (environmental and climatic, 
social and technological) that have impacted the two communities and shaped individual fishers´ 
perceptions, interpretations and strategies for adaptation. Some of these impacts and interpretations 
are common in the two fishing communities and some are distinct, allowing us to hypothesise a 
diverging direction of possible changes for the two communities in the coming decades.

The technological upgrade of fishing with Arte-Xávega since the 1970s occurred in the same 
way in the two communities (Figure 9.2), with some differences in the evolution of artefacts re-
lated to fishing (Table 9.1). On the one hand, construction of better boats with an engine, mechani-
cal support on land, the improvement in the design of the gears and the use of weather information 
occurred practically simultaneously in the two communities and had the same results. Mechani-
sation and innovation created safer conditions for sea-going and increased fishing capacity for 
all fishers, increasing, accordingly, fishing effort and exploitation rate. On the other hand, wider 
social changes from the 1950s onwards affected the two communities differently. Urbanisation 
and tourist influx and massification had a much greater impact on the CdC than on the FT fishing 
community, breaking the topological unity and modifying the sense of belonging in the former but 
not in the latter (Table 9.1).

The 20th century also brought broader social transformations to the littoral of Portugal  
(Figure 9.2), including the arrival of new populations and the growth of urban areas (Costa Pinto 
and Monteiro, 2020). These social changes have also created environmental impacts that were vis-
ible to the respondents of the two communities in similar ways. Over the past 50–60 years, fluvial 
and maritime engineering works in the Tagus river and around its estuary have contributed to a re-
duction of sedimentary availability and the destruction of the natural defences of coastal systems, 
leaving them more vulnerable to extreme weather events and erosion (Palma et al., 2022). Several 
respondents mentioned coastal erosion as clearly visible within their lifetime and a threat for the 
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future of their local community. In the livelihood interviews, less precipitation and construction of 
dams in the Tagus river were also associated with limited outflow of nutrient-rich brackish waters 
that attract horse mackerel in more recent decades. Receding freshwater outflow in FT (whose 
name comes from a natural fountain at the centre of the village) and increasing salinisation of the 
Tagus estuary (with a concomitant modification in the plant species used in lowland agriculture 
and increasing residence period for aquatic species that use the estuary seasonally) were also 
mentioned.

In terms of fishing, changes in the relative abundance of the main target species have been 
observed over time, without creating major alterations in the fishing practice. More than a century 
after the original description of Baldaque da Silva (1892), sardine continues to be an important 
species for Arte-Xávega, although in recent decades, it has been substituted by chub mackerel as 
the most abundant species. Artisanal fishers, used to seasonal and interannual variation in target 
species abundance, rapidly adapted to the new situations, although markets tended to react more 
slowly. In the 1990s–2000s, catch in CdC (Martins et  al., 2000) and FT (Cabral et  al., 2003) 
was dominated by chub mackerel, with a part being discarded at the time due to limited com-
mercial interest. Nowadays, market circuits on land have adapted to the new reality and all chub 
mackerel is sold. Fish are mainly exported to Spain for tuna ranching, although there were many 
complaints on the sale price at lota. In relation to wider environmental changes, the main differ-
ence in fish species composition compared to the 1990s is the disappearance of snipefish and its 
substitution by jellyfish, although some differences are also detected between the two communities  
(Figure 9.3). Large inter-decadal variations in the local abundance of snipefish (Marques et al., 
2005), as well as a northwards expansion of chub mackerel in recent decades (Martins et al., 2013) 
have been reported in Portugal, matching the information provided locally.

Finally, the study also revealed that the above changes contributed towards two prevailing 
socio-environmental discourses in relation to fishing with Arte-Xávega in recent decades. These 
discourses were not community-specific and both attributed limited importance to climate as a 
driver of change in local livelihoods. In the first and more prominent discourse, the main changes 
over time were considered essentially technological, due to the increase in fishing capacity. Under 
this discourse, environmental and climatic changes were observed but not considered relevant in 
the formation of daily routines and the provision of income. There was a recognition of cascading 
environmental impacts on livelihoods due to reduced fish abundance in recent times, but decreas-
ing fish abundance was not associated with changing climatic conditions (in one interview, it was 
even suggested that milder current weather is mainly a perception resulting from better housing 
and vessels) or locally-induced overexploitation. Arte-Xávega fishers have previously experienced 
interannual and seasonal variation in pelagic fish abundance, so reduced fish availability and prof-
itability in recent decades were attributed to overexploitation derived mainly from the use of other 
fishing gears (trawlers) or inefficient function of the local fish market circuits.

In the second discourse, there was a prevalence to point at a socio-environmental interaction as 
the main driver of change in the local fishing activity. Marine productivity was reported to have 
been decreasing in recent decades due to reduced storminess and windiness. This, in turn, is con-
sidered to reduce the quantity and diversity of available species to fish with Arte-Xávega. Under 
this discourse, climatic drivers of change gained some relevance as they were seen to directly 
affect the daily routine and income related to fishing by diminishing the food sources for pelagic 
and semi-pelagic target species. Questionnaire replies corroborated and reinforced the relationship 
between storminess/windiness and fish productivity, explained through reduced food availability 
to fish. This could be due to the less-frequent resuspension of organic matter from the sediments 
during agitation and column mixing, mentioned by several fishers, or due to the diminishing influx 
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of nutrients through upwelling under northerly winds, mentioned in one interview. However, some 
fishers also indicated that, simultaneously, less adverse weather permitted longer fishing seasons 
and hauls and less damage on gear, thus increasing fishing effort, catch, and exploitation rate and 
reducing price for the most abundant species. This narrative re-introduced a social and technologi-
cal dimension in the main drivers of change, as milder climatic conditions in recent decades were 
also perceived to facilitate a overexploitation and inefficient market functioning.

Overall, although some socio-environmental changes have a similar impact and interpretation, 
subtle differences are emerging between these two neighbouring communities that operate in the 
same ecosystems, under the same rules and using the same fishing gears. Taking a prospective 
view to coming decades, it seems more likely that FT fishers will maintain the current way of 
living and practices than CdC fishers. TEK seems likely to continue to play an important role in 
FT, while in CdC is more likely to emerge the generational gap currently formed in other artisanal 
fishing communities in Portugal (Stratoudakis et al., 2023). Nuanced differences between appar-
ently similar artisanal fishing communities are starting to be ethnographically registered (Delgado-
Ramírez et al., 2023), but further research will need to consolidate concepts and methods to test the 
above predictions. In particular, it will be interesting to observe how the climatic concerns related 
to coastal erosion and altering productivity of the coastal pelagic habitat expressed here will be 
interpreted in the future by two communities under diverging mechanisms for the social transmis-
sion of experience and knowledge.
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Introduction

The scientific community increasingly emphasises the need to acknowledge the interconnections 
among climate change and biodiversity decline, as well as their impacts on people’s quality of 
life (e.g., Pörtner et  al., 2021). For example, climate change drives geographic range shifts in 
species, alters phenology and migration patterns, and disrupts key ecological interactions (e.g., 
García Molinos et al., 2015; Lenoir & Svenning, 2015; Pecl et al., 2017). These changes gener-
ate cascade effects that propagate across different components of coupled human–natural sys-
tems (Gregr et al., 2020), with climate change impacts aggravating the effects of other drivers 
of environmental change (Pörtner et al., 2021; Rillig et al., 2019). Despite a growing scientific 
awareness about the combined impacts of climate and other drivers of change, much remains 
to be known about how these interactions manifest in local environments and livelihoods. Ad-
vancing such understanding is important to promote the design of policies oriented to maximise 
the co-benefits between climate, biodiversity, and social issues, while minimising co-detrimental  
outcomes and trade-offs (Pascual et  al., 2022). Moreover, given that the additive impacts of 
climate change and biodiversity decline are likely to be strongly felt in biodiversity-rich ar-
eas, and by people who directly depend on nature for their livelihood (Díaz et  al., 2019; IP-
BES, 2019), addressing the issue can help redress social inequalities in climate and biodiversity  
policies.

Given their holistic nature, Indigenous knowledge (IK) systems are ideally suited to contribute 
to the understanding of the interlinked nature of climate and other drivers of environmental change, 
as well as to the understanding of their cascade effects on coupled social-ecological systems, from 
local to global levels (Brondízio et al., 2021; Junqueira et al., 2021). IK systems have been defined 
as “the cumulative body of knowledge, practice, and belief, evolving by adaptive processes and 
handed down through generations by cultural transmission, about the relationship of living beings 
(including humans) with one another and with their environment” (Berkes et al., 2000, p. 1252). 
These complex knowledge systems are characterised as being integrated, grounded in territory, di-
verse, and continuously evolving (Hill et al., 2020). For example, to many Indigenous worldviews 
and paradigms, the territory plays an active role in creating the world, and the relation between the 
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mind, the body, and the Earth is the origin of life, promoting language and knowledge (Bawaka 
Country et al., 2015; Watts, 2013). Moreover, IK systems encompass a relational approach that 
includes governance, language, institutions, resource use and management practices, social and 
economic accounting, naming and classification systems, values, spirituality, and worldviews (Hill 
et al., 2020). Overall, IK systems provide a complex picture of the relations between humans and 
the environment, a picture that rests on the premise that all aspects of life are interconnected, the 
world being an integral whole in which knowledge, values, and behaviour are inseparable, often 
linked through spirituality (e.g., Gram-Hanssen et al., 2021; Posey, 1999; Turner, 1997).

In addition to their intrinsic value, IK systems can complement scientific understandings of 
the world. Indeed, despite epistemological and ontological differences between IK systems and 
Western science (Ludwig, 2016; Tengö et al., 2017), many examples exist in which scientists 
have relied on information derived from IK systems to – for example – monitor the status of 
nature (e.g., Cartró-Sabaté, 2018), explain causal relations between observations (e.g., Steger 
et al., 2020), or provide potential explanations to environmental changes and drivers of change 
(e.g., Klein et al., 2014).

The work presented here builds on the premise that the interpretation of elements derived from 
IK systems according to the concepts, categories, axioms, methods, and ontologies that charac-
terise science can be relevant for scientists aiming to understand how the synergistic impacts of 
climate and other drivers of change manifest in local environments and livelihoods. Based on such 
a premise, we tap into the holistic nature of IK to explore interactions between climate and other 
drivers of environmental change in the local social-ecological system of the Tsimane’, an Indig-
enous population of the Bolivian Amazon.

The Tsimane’ and their social-ecological system

The Tsimane’ are one of the largest native Amazonian societies in Bolivia, settled in the Depart-
ment of Beni (Figure 10.1). The Tsimane’ traditionally occupied a territory that extends from 
the Andean piedmont to the region of Moxos in the northeast, an area mostly covered with open 
forests and savannas. The climate of the region is equatorial with summer rains from October to 
April. From May to August, there is a period of reduced precipitation and episodic southern cold 
winds. The mean annual temperature is 25.8°C and the mean annual rainfall is 1743 mm.

Historical accounts depict the Tsimane’ as an elusive and highly mobile society, lacking a hi-
erarchical system of authority (Huanca, 2008). Up until the late 1930s, the Tsimane’ maintained a 
dispersed settlement pattern and a self-sufficient lifestyle and had reduced contact with outsiders. 
From the 1950s, when the Bolivian government gave Protestant missionaries the responsibility for 
schooling lowland native Amazonian populations and missionaries’ schools were established in 
their territory, the Tsimane’ started to establish long-term settlements near schools. Through their 
schools and preaching visits to villages, missionaries had profound impacts upon Tsimane’ culture 
and way of life (Huanca, 2008). After the 1960s, the construction of new roads, different waves 
of government-planned colonisation, the logging boom, and land tenure reforms put the Tsimane’ 
into increasing contact with other segments of the Bolivian society, often through the arrival of 
non-Tsimane’ (Reyes-García, Paneque-Gálvez, Bottazzi, et al., 2014a). While some Tsimane’ in-
creased their interactions with non-Tsimane’, others moved to farther areas, such as the upstream 
of the Maniqui and Secure rivers (Reyes-García et al., 2014a, 2014b).

Tsimane’ recent history is characterised by population growth, the adoption of new technolo-
gies, and increasing integration into the market economy (Godoy et al., 2005; Gurven et al., 2017). 
The latest estimates put Tsimane’ population ca. 14,000 people living in about 125 villages along 
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riverbanks and logging roads (Reyes-García et al., 2014a, 2014b). Nowadays, most Tsimane’ con-
tinue practising hunting, gathering, fishing, and small-scale shifting agriculture, activities that rely 
on an extensive knowledge about plants, animals, and landscapes (Díaz-Reviriego et al., 2017; 
Guèze et al., 2014). Nevertheless, a growing number of Tsimane’ households combine these ac-
tivities with the barter or sale of crops and non-timber forest products, and with occasional wage 
labour. Some Tsimane’, mostly those living close to roads and towns, increasingly depend on 
market-based economic activities, including cash cropping (particularly rice and plantain), sale 
of fish and thatch palm (Geonoma deversa), and wage labour in logging camps and cattle ranches 
(Fernández-Llamazares et al., 2016). Many young Tsimane’ are moving to agricultural regions 
where they take paid jobs. These changes have led to changes in dietary patterns and health (e.g., 
Gurven et al., 2017; Reyes-García et al., 2019), as well as to a general erosion of Tsimane’ knowl-
edge system (Reyes-García & Broesch, 2013; Reyes-García, Paneque-Gálvez, Luz, et al., 2014b).

The environment inhabited by the Tsimane’ has also experienced important changes. Records 
from the local weather station reveal that since the 1960s, the area has been subject to a steady 
increase in temperature, a pronounced decrease in the intensity of precipitation in the rainy season, 
and an increase in the length of the dry period (Fernández-Llamazares, Garcia et al., 2017b). Anal-
yses of the forest cover between 1986 and 2009 show a general trend towards forest fragmenta-
tion, largely due to the clearance of old-growth forests and the subsequent spread of early-growth 
secondary forests (Figure 10.1; Paneque-Gálvez et al., 2013). A decrease in plant, game, and fish 
abundance has also been documented, with some reports of local extinctions of species (Guèze 
et al., 2015; Luz et al., 2015).

To some extent, the social, climatic, and environmental changes affecting the Tsimane’ are 
representative of changes affecting other social-ecological systems across the world, which need 

Figure 10.1 � Map of the study area.
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to adapt to new conditions brought by multiple drivers of change operating at different scales. 
This makes the Tsimane’ a good case to enrich the scientific understanding of ongoing interactions 
between climate and other drivers of environmental change in local social-ecological systems.

Methods

Data were collected during October 2019 using a standardised protocol combining group inter-
views, semi-structured interviews, and a focus group discussion to capture reports of environmen-
tal change and its drivers (Reyes-García et al., 2023). Data collection also benefited from authors’ 
long-term (since 1999) and continuous presence (since 2003) in the area (Huanca, 2008; Reyes-
García, 2020). Interviews were conducted in Tsimane’ language with the collaboration of two 
experienced Tsimane’ research assistants who ensured that responses were adequately interpreted 
by researchers. Two of the researchers are relatively fluent in Tsimane’ language. We obtained the 
permit to conduct research from the Great Tsimane’ Council, the umbrella political organisation 
of the Tsimane’. In each village, we obtained permission to work from a representative. We also 
requested free prior and informed consent from each person participating in the research. The re-
search protocol was approved by the Ethics committee of the Universitat Autònoma de Barcelona 
(CEEAH 4781).

We acknowledge that we are non-Tsimane’ scholars and that this positionality affects our inter-
pretations of Tsimane’ understanding of environmental change and its drivers. We used a methodo-
logical approach that makes an instrumental use of elements derived from IK systems according to 
concepts and categories common in environmental sciences and that explicitly focus on relational 
elements embedded in IK systems. Given our positionality and methodological approach, the work 
presented here should not be understood as a representation of Tsimane’ epistemological and on-
tological grounds, but rather as an attempt to enrich our understanding of ongoing interactions 
between climate and other drivers of environmental change in a local social-ecological system 
through the analysis of elements of IK systems.

Sampling

We collected data in two Tsimane’ villages along the Maniqui River (Figure 10.1). The selected 
villages are similar in terms of population size and livelihood activities. They are also representa-
tive of other Tsimane’ villages in the Maniqui River in terms of environmental and socio-cultural 
conditions.

We used different sampling strategies for different data collection methods. To select partici-
pants for group interviews, we followed purposive sampling, targeting people who had lived in the 
area for ≥30 years and were locally recognised as knowledgeable. Thirteen people participated in 
two group interviews. To select participants for semi-structured interviews, we used quota sam-
pling, selecting individuals with different socio-demographic characteristics, who would poten-
tially hold different knowledge and thus contribute to a more enriched picture of environmental 
change. We interviewed men and women from three different age categories (i.e., <40 years; ≥40 
and <60; and ≥60 years). To select people within each quota, in a community meeting, we asked 
for people willing to participate and selected volunteers that fit our quotas. In total, we interviewed 
20 men and 14 women from 16 households. Ten participants were <40 years of age, 11 were ≥40 
and <60 years, and 13 were ≥60 years. Finally, we used convenience sampling to select partici-
pants for the focus group discussion. We invited all adults living in the second village visited and 
about 20 people attended, although only eight actively participated in the discussion.
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Data collection

As a first step to identify environmental changes perceived by Tsimane’, we conducted two group 
interviews. We started the group interviews by showing participants a seasonal calendar depicting 
seasonal climatic events and Tsimane’ livelihood activities (Figure 10.2). We asked participants 
to comment on changes regarding the timing of seasonal climatic events and livelihood activities. 
The information gathered served to adjust the terminology used during semi-structured interviews 
and focus group discussion.

We then used individual semi-structured interviews to gather Tsimane’ observations of environ-
mental changes and potential relations between changes. We started by asking “compared to your 
youth, what changes in nature have you noticed?” We continued prompting “have you noticed any 
other change?” Once the informant stopped mentioning changes, we asked more direct questions 
regarding (a) changes in weather, seasons, temperature, rain, wind, or storms, (b) changes in soils, 
the river, or streams, (c) changes in wild animals, fish, or plants, and (d) changes in crops or live-
stock. For each change mentioned, we asked about the driver(s) of the change (i.e., “why do you 
think this change happened?”). If the answer to this question was another environmental change, 
we asked again for the driver(s) of the latest mentioned change, until the respondent did not identify 
any further driver (see Reyes-García et al., 2023) for a full description of the interview protocol).

At the end of fieldwork, we discussed observations that were either contradictory or unclear in 
a focus group. For instance, one respondent reported that “Now, small trees (e.g., upuyu, cam) die 
more frequently than in the past,” while another respondent reported that “Trees (e.g., väij, cojma) 
are not tear by strong winds, as they were in the past.” We presented these two observations to the 

Figure 10.2 � Seasonal calendar of Tsimane’ activities (reproduced with permission from Díaz-Reviriego, 2016).
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group to assess whether there was a consensual perspective on changes in wild plant mortality and 
on the drivers of such changes. The participatory, collective, and iterative nature of the discussion 
helped to identify changes and relations that reflect the group’s social memory.

Data analysis

For the analysis, we grouped Tsimane’ reports of environmental change into categories. We started 
by grouping verbatim reports depicting the same environmental change into indicators. We then 
organised indicators according to whether they referred to changes in the atmospheric, the physi-
cal, or the life systems, further detailing the specific subsystem affected by the change (see Reyes-
García et al., 2023). During semi-structured interviews, informants also reported non-environmental 
changes (e.g., changes in access to education, health or transport, or changes in population). We 
only include this information when mentioned as a driver of environmental change (see below).

For each indicator of environmental change, we also noted the direction (e.g., increase or de-
crease) and the overall level of agreement. We considered interviewees ‘agreed’ in a change (i) 
when there was agreement in all observations collected in semi-structured interviews or (ii) when 
participants agreed with the reported change in the focus group discussion. We coded as ‘inconclu-
sive’ changes mentioned by less than 10% of the sample and not discussed in the focus group. We 
coded as ‘disagreed’ changes for which observations with different directions were reported and/
or which were not agreed in the focus group discussion.

We then examined responses to our question about drivers of environmental change. To catego-
rise drivers of environmental change, we used the conceptual framework of the Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem Services (Díaz et al., 2019). This frame-
work considers direct drivers of environmental change anthropogenic pressures that unequivo-
cally influence biodiversity and ecosystem processes (i.e., climate change, resource exploitation, 
land-use change, pollution, and invasive species). We considered all responses linking environ-
mental changes to changes in elements of the atmospheric system as ‘climate change’ driven. The 
same framework considers indirect drivers of environmental change as the underlying causes of 
direct drivers (i.e., socio-economic and demographic trends, technological innovation, or societal 
drivers such as cultural change and government policies). Since, according to our protocol, for 
each change reported, we repeatedly asked about driver(s) of change until the respondent did not 
identify any further driver, an observation of change might have multiple drivers.

To represent the causal relations explaining environmental change in the Tsimane’ social-ecological 
system, we produced a visual representation (i.e., concept map). The concept map shows indicators and 
drivers of environmental change. The concept map also shows two types of causal relations linking 
different nodes: driving relations, originating from elements outside the environmental system (black 
lines) and cascade effects, originating from elements of the biophysical systems towards other elements 
of the biophysical system (grey lines). We use a solid line to represent ‘agreed’ changes and a dotted 
line to represent ‘inconclusive’ changes. Our representation does not include ‘disagreed’ changes.

Results

Environmental change in Tsimane’ social-ecological system

Tsimane’ report many observations of environmental change, although we did not find agreement 
in all of them. The reported observations of change correspond to 57 different indicators in our 
classification, of which 23 referred to changes in the atmospheric system, 13 to changes in the 
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physical system, and 21 to changes in the life system. From the 57 indicators documented, we 
found agreement on 26 and we have inconclusive information for 24. For the seven remaining 
indicators there was no agreement, either on the change reported or on the direction of change.

Changes in elements of the atmospheric system were most frequently reported and most agreed 
upon. This category included observations of changes in temperature, precipitation, air masses, and 
seasons. Overall, informants agreed on signalling a temperature increase, both in general (e.g., “In 
the past, the weather was colder” (ID 34, 16/10/2019)) and at specific seasons (e.g., “Jätisdye (the 
cold season) is less intense” (ID 3, 07/10/2019)). There was also agreement in a general precipita-
tion decrease, with changes in its temporal distribution (e.g., “During tsunedye (the dry season) 
there used to be some episodes of rain. Now there are no rains in that season” (ID 22, 11/10/2019)). 
Some informants also reported changes in rainfall intensity, frequency of cloudy days, and drought 
intensity and frequency, although the evidence collected for these observations is inconclusive. We 
also found agreement in reports of changes in air masses, including changes in the frequency of 
storms (e.g., “Now there is less hail falling from the sky” (ID 22, 11/10/2019)) and changes in wind 
intensity (e.g., “Now the wild is less intense. In the past, the wind was so strong that it used to make 
trees fall down” (ID 4, 8/10/2019)) and direction (e.g., “Wind has changed direction. Now it does 
not come from the south anymore” (ID 4, 8/10/2019)). Finally, the agreed changes in the length of 
seasons (e.g., “Now the dry season is longer” and “The jätisdye (cold season) is shorter” (ID 26, 
12/10/2019)) seem to be in line with the general perception of a hotter and drier weather.

Tsimane’ reports of environmental changes also include reports of changes in the physical sys-
tem, including observations of changes in water bodies and soils. We found agreement in reports 
of a reduction in the volume of water bodies, including the river (e.g., “In the past, the Maniqui 
river had more water” (ID 6, 8/10/2019)) and the streams (e.g., “Now streams get dry faster than 
they used to” (ID 1, 7/10/2019)). Tsimane’ also reported an increase in the intensity of sedimenta-
tion (e.g., “Now there is more soil in river water” (ID 31, 15/10/2019)). We also found agreement 
in reports referring to an increase in freshwater temperature, and to soils being hotter and drier 
than in the past. There was, however, disagreement in the direction of changes in river floods, with 
some informants reporting more and some informants reporting fewer river floods than in the past.

Many Tsimane’ observations of environmental changes also refer to changes in elements of the 
life system. Particularly, we found agreement in indicators referring to a decrease in the abundance 
of fish (e.g., “Now fish are disappearing” (ID 6, 8/10/2019)), wild fauna (e.g., “In the past there 
were more animals in the river: crocodiles, alligators, turtles” (ID 4, 8/10/2019)), and wild flora 
(e.g., “There is no fine wood to build canoes” (ID 23, 12/10/2019)). Although some informants 
also reported changes in plant and animal mortality as well as in plant seasonality and animal 
behaviour, our information from these indicators is inconclusive. We also found agreement in 
observations on the decrease in the productivity of crops and the increase in crop mortality rates 
(e.g., “Plants ‘cook’ on the ground. The ground is hot, it rains, and then it is hot again, and this 
‘cooks’ the plants” (ID 24, 9/10/2019)). Finally, although there were some reports of changes in 
the frequency of crop pests and animal diseases, we did not find agreement for these observations, 
as some informants reported an increase in pests due to higher temperatures and some informants 
reported a decrease due to the use of pesticides.

Drivers of environmental change

When asked about the reasons that explain the observed environmental changes, Tsimane’ men-
tioned many factors that simultaneously and synergistically result in the environmental changes 
mentioned (Figure 10.3).
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Figure 10.3 � Concept map showing documented Tsimane’ perceptions of environmental change and their drivers.
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According to our classification of Tsimane’ responses, changes in elements of the atmospheric 
system are driven by other changes in elements of the same systems but also by land-use change 
and supranatural forces. Thus, when asked about the reasons explaining changes in temperature, 
some Tsimane’ referred to changes in rainfall. As one informant reported, “In the past, the weather 
was colder than now. (This is) because there were more rains in the past. (ID 3, 7/10/2019).” Also, 
respondents referred to land-use change as a driver of rainfall changes. Tsimane’ explained how the 
opening of the road linking San Borja to Trinidad (in 1975) resulted in cattle ranching becoming 
the main economic activity for non-Indigenous peoples (napo’) living in the area and that the later 
opening of the road from Yucumo to Rurrenabaque (1979) facilitated the arrival and establishment 
of highland colonists (colla). These establishments of cattle ranchers and colonists contributed to 
transform forested areas into pastures and agricultural fields which, according to the Tsimane’, has 
resulted in less rainfall. Finally, some informants also explained changes in elements of the atmos-
pheric system through their worldview. For example, one informant said that changes in tempera-
ture and rainfall patterns are a signal that “Time ages. Just like ourselves. And, at some point, all 
will die. Time is getting old, that’s why things are not producing well anymore” (ID 11, 10/10/2019).

According to our classification, changes in elements of the physical system (i.e., freshwater 
and soils) result from the interaction between the cascade effect of changes in elements of the at-
mospheric system and the pressure of direct drivers (i.e., resource exploitation, land-use change). 
Thus, changes in soil humidity and temperature were explained through the observed changes in 
temperature increase and precipitation decrease. The same factors were mentioned to explain the 
decrease in the river flow and in the decrease of rivers and streams abundance. However, some 
interviewees argued that the increase in the cultivated area affects both climate and forests, as the 
loss of trees resulted in less rain and higher temperatures but also in hotter and drier soils. One 
informant said, “Our grandparents did small agricultural plots. Now people do large ones. They 
cut large trees, and that’s why the ground gets hotter, because the large trees maintain the moisture 
in the soil” (ID 9, 11/10/2019).

Drivers of change in elements of the life system are also multiple and often act in synergistic 
ways. For example, changes in wild flora and fauna were reported to be driven by changes in ele-
ments of the atmospheric and the physical systems, but also by resource exploitation, land use 
change, technological innovations, and supranatural forces. For example, one informant mentioned 
that “Now there is less fish that dies in the river because of the cold weather” (ID 31, 15/10/2019) 
and another informant mentioned that “The trees are fruiting in different times, because it is hotter 
and there is less rain” (ID 25, 10/10/2019). Both observations describe how changes in elements 
of the atmospheric system impact the life system. But informants also mentioned that “There 
used to be a lot of fish in the stream. Not anymore, because now there is more drought” (ID 8, 
9/10/2019) and that “Now wild animals come closer to the village looking for water (because the 
streams in the forest are drying due to the decrease in precipitation)” (ID 34, 16/10/2019) thus 
describing how impacts of changes in elements of the atmospheric system on the life system are 
mediated through changes in the physical system. Similar relations were described when refer-
ring to changes observed in crops. For example, one person mentioned that “Plants ‘cook’ on the 
ground. The ground is hot, it rains, and then it is hot again, and this ‘cooks’ the plants” (ID 19, 
17/10/2019), a statement that describes a chain of impacts from the atmospheric system to agricul-
ture mediated by changes in soil temperature.

Informants also emphasised that a main driver of change in elements of the life system is increas-
ing resource exploitation, which they relate to wider societal changes such as population growth, the 
increased presence of loggers and traders, and technological innovations. Thus, when asked about the 
reason behind the decrease in abundance of wildlife, one informant simply mentioned, “Now there 
are many more people. They finish with the fish and animals” (ID 25, 10/10/2019), highlighting the 
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role of demographic increase in environmental change. In answer to the same question, other people 
related stories of loggers operating in their territory, first illegally, during the 1970s, and later (i.e., 
during the 1980s and 1990s) under the auspices of the Great Tsimane’ Council. In their accounts, 
they emphasised the impact logging had on the environment. Tsimane’ also provide vivid accounts 
of the arrival of traders and their interest in natural products, first in pelts and later in mats woven 
from thatch palm. According to one informant, “Now there is less ‘cajtafa’ [thatch palm]. The palms 
die much more because of the heat and because too many people extract them” (ID 25, 10/10/2019). 
The presence of loggers and traders was also related to an increase in hunting and fishing pressure 
and a consequent decrease in wild animal population: “Many animals have disappeared, because 
they [loggers] hunt more. They kill too many animals” (ID 15, 07/10/2019). Tsimane’ relate these 
two drivers of change with technological innovations. For example, when talking about the decrease 
in fish, one informant said “Now there are less fish because we don’t use arrows anymore. We now 
use hooks, nets, diving, and barbasco [a fish poisoning technique]” (ID 12, 13/10/2019).

Finally, Tsimane’ also mentioned the importance of supranatural forces in explaining the de-
crease in flora and fauna abundance. For the interviewees, the use of inappropriate, abusive, or 
culturally disrespectful hunting and fishing techniques awakens the anger of the guardian spirits 
of nature who punish Tsimane’ with animals’ disappearance. One informant said that “People are 
not hunting respectfully anymore. I found one tapir that was shot, but nobody went to get it. Jäjäbä 
[the spirit who guards animals according to Tsimane’ cosmology] gets angry and takes animals 
away” (ID 19, 17/10/2019). Another person said that “Game and fish are disappearing because 
they go to the other side. The ‘muñeco’ [a forest spirit] takes care of the animals and takes them 
somewhere else [to protect them]” (ID 18, 17/10/2019).

Discussion

We explore Tsimane’ reports of environmental change and drivers of such change, focusing not 
only on the description of these elements but also on the relations among them. Our relational 
analysis presents Tsimane’ understanding of environmental change as a network that allows (1) 
to identify the simultaneous impact of different drivers of environmental change and (2) to detect 
different processes by which certain changes negatively impact other elements of the system (cas-
cade effects).

Before discussing these results, we start acknowledging two limitations and one important ca-
veat of this work. We acknowledge that our results are limited by our focus on consensual reports 
and on environmental impacts. During interviews, we found disparity in responses and discrep-
ancy in the arguments, and we were not able to discuss all points in our focus group discussion, 
for which our data are inconclusive in many points. A larger exploration of data, including disa-
greements, might provide a better understanding of diverse intra-cultural perspectives about envi-
ronmental change. We also found changes that go beyond environmental aspects (e.g., problems 
with river transportation due to rainfall decrease) that we discarded. Therefore, since our analysis 
focuses on agreed responses and on environmental impacts, it should be considered as a simplifi-
cation of Tsimane’ complex understanding of environmental change. Further research should con-
sider these limitations aiming for a more comprehensive understanding of environmental change.

Moreover, an important caveat of this work refers to the transformation of Tsimane’ knowledge 
through our analysis. Our analytical approach treats reports of environmental change and drivers 
as separate entities and fits them in a classification system that largely reflects scientific concepts. 
During interviews, it was evident that the Tsimane’ do not necessarily separate concepts in the way 
we do, for which we are conscious that our procedure entails a transformation of Tsimane’ under-
standing, undoubtedly including misinterpretations derived from the attempts to fit responses into 
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our framework (Nadasdy, 2003). Acknowledging this, we do not claim that our results represent 
Tsimane’ worldview, but rather our own interpretation of Tsimane’ understanding of environmen-
tal change. Despite these limitations and caveats, we argue that the results presented here enrich 
our understanding of environmental change by highlighting the importance of the relational ap-
proach. We discuss our results through this perspective.

There is now a large body of research discussing the richness of local reports of environmental 
change and its drivers, which arise from local peoples’ intimate connection with the local envi-
ronment and their forms of knowledge transmission (e.g., Aswani et al., 2018; Klein et al., 2014; 
Sterling et al., 2017). A main finding of this body of knowledge is that local understandings often 
weave environmental, social, and cultural elements in explaining environmental change, consti-
tuting what Cámara-Leret et  al. (2019) call an Indigenous knowledge network. Our work is in 
consonance with this work but extends it using a relational analysis that uncovers two important 
elements: the simultaneous impact of different drivers of change and the cascade chain of impacts.

The first important finding of this work is that Tsimane’ identify the simultaneous impact of dif-
ferent drivers of environmental change. When asked about drivers of environmental change, Tsi-
mane’ provided many explanations, some referred to processes that directly affect the environment 
(i.e., direct drivers such as climate change, resource exploitation, and land use change), whereas 
other referred to processes that result in environmental change through pressure on the above- 
mentioned drivers (i.e., indirect drivers such as population growth, the arrival of traders and loggers 
to their lands, or technological innovation that increase resource exploitation or land use change). As 
scientists are increasingly concerned by the simultaneous and interrelated effect of multiple drivers 
of change (Pörtner et al., 2021), we argue that the holistic nature of Indigenous knowledge systems 
sits well with understandings that depart from sectoral approaches to acknowledge complex and 
synergistic interactions between simultaneous drivers of environmental change. Furthermore, the 
complex view of the simultaneous drivers of environmental change offers a political view of the  
environment, a view that emphasises that impacts are not limited to biophysical aspects, but  
the full social-ecological system. Thus, results from this work show that Tsimane’ understand 
environmental change as resulting from a historical process leading to the appropriation and frag-
mentation of their lands (see also Reyes-García et al., 2014a, 2014b). In that sense, reacting to en-
vironmental change should be considered in the historical and political context in which it occurs.

Moreover, Tsimane’ holistic understanding of environmental change incorporates cultural rep-
resentations of the world that are critical in understanding environmental change, but that are too 
often underrepresented in science. In that sense, Tsimane’ worldviews and spiritual beliefs play 
a prominent role in their explanation of environmental change (see also (Fernández-Llamazares, 
Díaz-Reviriego et al., 2017a)). While absent in scientific narratives, explanations based on their 
worldviews are an essential component in Tsimane’ understanding of how and why the world 
changes, and thus should be acknowledged in any attempt to bridge knowledge systems.

The second, related, finding of this work is that the Tsimane’ detect different processes by 
which certain changes negatively impact other elements of the system (cascade effects). Scientists 
increasingly recognise the importance of studying how changes in one element of the social-
ecological system propagate to other components through cascade effects (Michalak et al., 2017). 
Moreover, research interest is growing in how the cascade effects of environmental change will af-
fect nature’s contributions to people and alter human actions and behaviours, and who will receive 
the more immediate impacts (Fontúrbel et al., 2018; Michalak et al., 2017). Our work highlights 
that Indigenous knowledge systems can contribute to trace such processes. For example, the Tsi-
mane’ highlight many interactions between elements, such as tracing the impacts of changes in 
temperature and rainfall into the abundance, mortality, or quality of other elements of their natural 
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and managed landscapes (e.g., fish and crops). Spotting such relations potentially leads to a more 
complete understanding of environmental change impacts on local social-ecological systems, and 
thus to the definition of more locally attuned management priorities (Gill & Malamud, 2016).

Before concluding, a last finding merits attention. Our documentation of environmental change and 
drivers of change reported by Tsimane’ did not include important changes documented by research-
ers working on the area. For example, during interviews, the Tsimane’ did not mention pollution as a 
driver of environmental change, although several mercury-dependent artisanal gold miners operate in 
the area (Reyes-García et al., 2014a, 2014b) and mercury-dependent artisanal gold mining is the larg-
est source of mercury pollution on Earth, affecting many local communities (Fernández-Llamazares 
et al., 2020). Similarly, in their account of defaunation, Tsimane’ did not refer to a general decrease of 
fauna, but rather mention that game might have moved somewhere else, for which their account does 
not seem to capture the large impact of overhunting on regional defaunation (Fernández-Llamazares, 
Díaz-Reviriego et al., 2017a). These incongruences between scientists’ and Tsimane’ understanding 
of environmental change might originate in the perceptual and local nature of Indigenous knowledge 
systems. Local people are well equipped to detect long-term temporal local trends but may overlook 
changes happening at global scales or changes that might have impacts not visible to the naked eye. 
Acknowledging the strengths and weaknesses of the different knowledge systems should encourage 
further enquiry to obtain a more complete picture of environmental change (e.g., Tengö et al., 2014).

Conclusion

The work presented here provides evidence that, beyond monitoring environmental change, In-
digenous knowledge systems can trace its multiple and simultaneous drivers and cascade effects. 
Findings from this work suggest that local policies to tackle the negative effects of environmental 
change in the area should equally address simultaneous drivers of change and acknowledge Tsi-
mane’ wordlviews of change, as a sectoral approach might not suffice to alleviate the negative 
impacts of environmental change in local livelihoods. Finally, we argue that, while Indigenous un-
derstandings of the complex relations between different elements of the system could contribute to 
the co-generation of new knowledge, this process requires space for inter-epistemological dialogue.
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“NOT LIKE IT USED TO BE”

Contending with the altered agricultural calendar 
in Andean Peru’s Colca Valley

Eric Hirsch

Introduction: the premise and the promise

I have found myself with a group of agricultural laborers on a sloped plot of land named Ch’ela, 
one of Don Gerardo Huaracha’s1 hillside agricultural terrains (or chakras in Quechua) in the south-
ern Peruvian village of Yanque, during multiple planting seasons over the past decade. Ch’ela 
covers five stepwise terraced fields that slouch gently downward toward the Colca River, affording 
a view of the breathtaking amphitheatric valley and canyon below. The planting season in much 
of Peru’s Andes traditionally begins in August, with some growers seeding fields as early as June. 
This timing has allowed me to participate in planting quinoa and fava beans on almost every visit. 
Planting days mean hard work accompanied by sumptuous lunches and generous rest periods 
where chicha, an alcoholic drink of fermented maize and barley, is shared among the laborers and 
with the soil (see Figure 11.1).

Agricultural working days, as I experienced them, are occasions for both upbeat conviviality 
and anxious speculation about the future of growing and selling crops. Laborers would routinely 
wonder out loud whether the seeds planted in Ch’ela will follow the trend of worsening harvests 
and plummeting crop prices, which they attribute in part to a destabilized rainy season and in part 
to the corporate consolidation of Peru’s national produce markets. Planting sometimes ends with 
singing the Hialeo, a call-and-response chant that asks the earth (Pachamama) to warm and nur-
ture the vulnerable new seeds.

Historically, agriculture here has long been somewhat precarious, given that the highland Colca 
Valley region’s historical climatic baseline means frequent swings between weather extremes upon 
fertile volcanic soil (Wernke, 2013). Engaging in agricultural work in today’s Andes requires the 
speculative anticipation that fields will not suffer from the newly dangerous weather conditions 
that villagers widely attribute to climate change, which create extremes that exceed the formerly 
expected variability in rains, freezes, hailstorms, and droughts. Anthropologists have documented 
agriculture as a speculative act in diverse political ecologies of uncertainty (Bradley and Stein, 
2022; Campbell, 2015; Morris, 2019). Here, when planting days would conclude, my interlocutors 

1	 All interviewees featured in this article asked to be named. I therefore do not use pseudonyms.

This chapter has been made available under a CC-BY-NC-ND license.
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wondered whether the labor and the offerings just made to the earth were in vain. This uncertainty 
was matched in other conversations with growers I was having by the end of the 2010s, where I 
heard a common refrain: “It’s not like it used to be.”

This chapter investigates one factor informing that refrain: the Colca Valley region’s altered 
agricultural calendar, whose most prominent change has been a newly unreliable rainy season. 
While residents never took abundant rains for granted in this dry highland region, the rainy sea-
son was once a loosely reliable period of precipitation and warmer weather between November 
and March. Residents repeatedly emphasized to me that such climate impacts are not harms that 
came in a vacuum. Rather, they are mediated by structures of environmental injustice rooted in 
an urban-centric resource capitalism that is an enduring legacy of Peru’s colonial past and whose 
inequalities are intensifying in new ways.

The locally voiced thesis that Colca Valley agriculture is “not like it used to be” exposes the 
breakdown of a specific promise and the premise that underlies it. The promise is that market de-
velopment centered on the cash crop will improve villagers’ livelihoods rooted in agricultural pro-
duction. The premise is that the ecosystem where this market-ready agriculture is meant to grow 
will remain “stable,” which in this region means remaining within its usual range of once-expected 
weather extremes. Recent decades have seen deliberate projects to integrate Colca agricultur-
alists into regional, national, and global circuits of commerce by way of the cash crop. Non- 
governmental organizations and state projects trained their focus on developing the entrepreneur as 
the primary figure of progress and Indigenous prosperity (Hirsch, 2022). However, the late 2010s 
and early 2020s have been an era of revelation. The disappointments of agricultural entrepreneur-
ship are now materializing palpably as plummeting crop prices and declining harvests. I argue that 
local climate change observations expose major structural shifts at the twilight of market develop-
ment. Uneven patterns of environmental and economic injustice are essential to understanding the 
political ecology of climate change in the Colca Valley. Situating climate observations within their 

Figure 11.1 � Sharing chicha with the soil during a planting day in Yanque, Peru. Photograph by the author.
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irreducibly local historical, political, and cultural contexts, the chapter joins other contributions in 
this volume in refusing to reduce climate change to an isolated ecological phenomenon to which 
local communities simply react (see, e.g., Abazeri, 2024; Carmona, 2024).

This chapter locates observations of the altered agricultural calendar within a reverse chronol-
ogy of broken promises. After contextualizing the study and specifying my methods, I proceed 
with a discussion of the Colca Valley agricultural calendar and the ways villagers identified and 
analyzed new deviations from it. Then, I move back in time to locate destabilizing forcings of 
climate change within the failed long-term promises of entrepreneurship and market development. 
I conclude by underscoring the importance of connecting emerging research on climate change 
experiences to localized questions of environmental justice.

Situating the intervention

In his 2010 history of glacier expertise and climate change in the Peruvian Andes, Mark Carey 
describes previous research on the role of humans in climate change as a series of relatively sim-
ple sketches of “broad scenarios that plot polluters against victims of the developed countries’ 
climate-altering emissions” (2010). Carey suggests that it is important to read human experiences 
of climate change as specific, locally constituted power struggles over basic political questions 
of justice, authority, expertise, and history. Since Carey’s publication, the ethnography of climate 
change has flourished. Anthropologists and other qualitative social scientists are building a robust 
archive of local and Indigenous experiences of climate change (for English-language examples, 
see Callison, 2014; Crate, 2022; Marino, 2015; Schlingmann et al., 2021; Vaughn, 2022).

However, in key policymaking venues, this work is often “overshadowed” by scientific and 
quantitative approaches (Barnes et  al., 2013, 541). The meta-analysis conducted by Victoria 
Reyes-García and colleagues (2019) indicate that small-scale, locally focused studies of climate 
experience have seen a productive proliferation, especially over the last decade. But they also sug-
gest that non-western ways of atmospheric knowing remain subjugated forms of expertise when 
it comes to major policy decisions. For example, Indigenous voices have remained on the fringes 
of global climate negotiations, even as Indigenous constituencies are now well represented at 
international climate talks (Muxlow, 2021). Situational inclusion and even participation have all 
too often failed to translate into significant policy change (Haverkamp, 2022). My interlocutors 
in Peru made clear that similar structural exclusions are also rampant in local policy arenas, high-
lighting their feelings of an absent state safety net for agricultural decline, crop failure, and natural 
disaster impacts. This chapter highlights how agriculturalists in one region of the Andes observe 
climate change as one linked dimension of an intensifying socioeconomic marginalization of rural 
voices, expertise, and livelihoods.

I ascertained a grounded sense of the contemporary livelihoods that characterize the routines of 
many Colca Valley villagers over 11 years of consistent ethnographic visits to the region between 
2008 and 2019. As a white male scholar based at a higher education institution in the United States, 
my positionality is characterized by considerable privilege. I do not profess to tell the full story 
of how Colca residents understand climate change. Even my invocation of the shorthand “climate 
change” as a singular concept betrays my epistemological bias. My effort is to offer my own partial 
interpretations of a small number of testimonies, through limited culturally and disciplinarily con-
stituted intellectual frameworks, in solidarity with a community that has invited my partnership as 
a researcher and that may or may not incorporate my analyses into their own political, epistemo-
logical, and environmental justice projects.
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The data I principally draw on for this chapter is an archive of semi-structured interviews (n = 60),  
which I conducted in June and July of 2019, the height of that year’s dry season. For the present 
analysis, I place these interviews in the context of my long-term ties to families in the region and 
my ongoing engagement with a variety of state and non-governmental sustainable development 
projects. My interview sampling was partially attained by following the kinship networks of my 
locally connected host family, and partially made of opportunistic person-on-the-street interviews. 
I accomplished these interviews with the help of a research team of five undergraduate students 
from Franklin & Marshall College. Interviews were conducted with villagers residing in the Colca 
Valley’s high, middle, and low elevations to ascertain a vertical diversity of orientations to agri-
cultural work, ecosystem dwelling, and environmental change.2 Interviews were geared toward 
ascertaining a diversity of villager voices across categories of class, kin group, gender, genera-
tion, and first language.3 I also targeted influential community members for interviews. These 
individuals included elders, municipal leaders such as district mayors, and members of influential 
civic organizations, including elder adult groups and irrigators committees. All interviewees were 
longtime residents of Colca’s rural villages.

The semi-structured interviews I drew on followed the Local Indicators of Climate Change Im-
pacts project protocol for assessing and contextualizing local forms of observing and adapting to 
climate change (Reyes-García et al., 2023). For this chapter, I coded interviews by examining how 
climate experiences and testimonies regarding broad environmental marginalization overlapped. 
Interviews began with a series of questions about daily lives, livelihoods and income, and life 
stories. This enabled me to discern how villagers located themselves within broader Peruvian con-
texts of urban–rural spatial inequalities and colonially inflected racial hierarchies (García, 2021; 
Quijano, 2000), uneven exposure to toxic industry (Gonzalez, 2022; Graeter, 2020), and access to 
state safety nets (Rasmussen, 2015). Interviews then turned to local observations and experiences 
of climate change impacts. We asked people to assess the ecological changes they had seen in their 
home villages since they were born, even if they had left for extended periods, as many have for 
labor migrations and education. The testimonies I feature below were broadly representative of the 
themes that spanned my interviews.

Making stable livelihoods in a variegated vertical terrain

The Colca Valley’s inhabitants reside in the high southern Andean region, in territory that the 
Peruvian Ministry of Culture classifies as part of the Quechua Indigenous community. Res-
idents sometimes self-identify as Quechua or Indigenous, but are just as likely to identify 
themselves as campesino (peasant). The long colonial and postcolonial history of subjugated 
Indigenous status in the Peruvian Andes leads many to disavow being labeled “Indigenous.” 
Whether or not they explicitly invoke Indigenous identifiers (see Salas Carreño, 2020), many 
Colca residents claim heritage dating to the pre-Inca era. Residents of Yanque, my consistent 
home village in the middle valley, historically populated by the Collagua ethnic group, sug-
gested that the Incas lifted the Collaguas’ amphitheater-style terraced farming and implemented 
it throughout the Andes.

2	 I elaborate the importance of elevation to agricultural diversification and economic status in Hirsch (2018).
3	 Most people in the region speak Spanish, the default language of municipal policy, education, and business, and some 

Quechua. Monolingual Quechua speakers tend to be elderly. When we spoke to primarily Quechua speakers, we drew 
on my Quechua language instruction and the help of local translators.
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The Colca Valley region is a vertical landscape that reaches multiple elevations within a dense 
three-dimensional space, from the cold highland plains home to dense peat bogs and alpaca herds, 
down to the soft riverine terrains bathed in lush tangles of bright green vegetation where villag-
ers grow avocados and goldenberries. The steep valley is surrounded by an active volcano, called 
Sabancaya, and a cluster of mountains whose once-perennial summit snowpack had long been 
a reliable source of irrigation water. Colca’s communities are situated between 2,000 and 6,000 
meters above sea level. The high-elevation environment and the dense diversity of distinct eleva-
tions for planting and herding mean that this region is home to both considerable environmental 
challenges and important agricultural innovations and endowments, including terraced fields (see 
Figure 11.2) and gravity-based irrigation of vast terrains from mountain springs and summit snow-
pack (Markowitz, 2018; Postigo, 2014, 2019).

This is a region that pairs fertile volcanically enriched soil with unpredictable weather. Weather 
extremes were a fact of life in the Colca Valley, as archeologists (Wernke, 2013) and villagers (see 
below) have made clear. Colca agriculturalists draw on historically elaborated ecological inter-
ventions to negotiate Colca’s long-standing water precarity with sociotechnical irrigation systems 
creatively constructed around mountain springs (Guillet and Mitchell, 1994). However, recent 
decades have seen newly devastating drought events that existing infrastructure often cannot ac-
commodate. Consequently, widely grown staple crops throughout the region such as quinoa now 
need three or more times the amount of water they once demanded. My interviews revealed that 
by the end of the 2010s, the unpredictability of altered precipitation and dry soil conditions had 
reached what Adriana Petryna calls a climatic “regime shift,” in which local knowledges are forci-
bly and rapidly rearranged due to changing horizons of possibility for response (2022, 56).

The Colca Valley cradles a tight network of 19 agricultural village districts (populations range 
from Tapay’s 400 inhabitants to Chivay’s 6,000). The local market and administrative center is the 
town of Chivay. The region’s villages see a great deal of exchange, interaction, labor migration, 
and kinship connections with one another and with Arequipa, Peru’s second-largest city and the 

Figure 11.2 � Agricultural labor on terraced fields in Yanque, Peru. Photograph by the author.
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department capital, which is about 160 km (three to five hours by bus) from the Colca Valley. Ag-
riculture and pastoralism have long been the core of most villagers’ livelihoods across the region. 
The region’s principal cash crops are quinoa, potatoes, fava beans, barley, alfalfa, and the non-food 
crop straw (ichu, traditionally used as a construction material). Tourism, produce markets, hospital-
ity, microfinance, and education and non-governmental organization work have been important ad-
ditions to the economy, with growth in those sectors gaining momentum in the 1990s. Campesinos 
throughout the valley frequently diversify their incomes with various forms of manual labor, in-
cluding construction work, migrant labor in mines, and laboring for state-sponsored mega-projects.

The traditional and altered agricultural calendars

Testimonies from my long-form narrative interviews centered on reflections about the altered ag-
ricultural calendar. Deviating from recent model-based and large-n studies of climate change’s 
impacts on agriculture (see, e.g., Cinner et al., 2022; Lobell et al., 2020; Rosenzweig et al., 2014), 
the smaller archive of testimonies I draw on to construct an outline of the Colca Valley’s altered 
agricultural calendar engages a more intimate, but inevitably partial, portrayal of one region’s ex-
periences of agricultural timing. Table 11.1 represents a schematic overview of calendrical infor-
mation gleaned from villager testimonies, capturing selected perceptions of how the agricultural 
calendar has changed in villagers’ lifetimes. They parallel other recent scholarly efforts to outline 
typical Andean agricultural calendars based on interviews with peasant growers (Gurgiser et al., 
2016; Vallejo-Rojas, Rivera-Ferre, and Ravera, 2022).

I use the phrase traditional agricultural calendar (middle column) to describe the planting and 
harvesting timeline that Colca Valley villagers articulated to me as having been standard before the 
acute climatic and ecological instability that has intensified in the most recent decade. That tradi-
tional calendar begins in August. It is organized by what villagers label the rainy season (temporada 
de lluvias) lasting from November to March, with the most intense rains taking place in January 
and February. The rainy season is the fulcrum of Colca Valley agriculture. It is, according to the 
traditional model, preceded by the planting season (siembra) from August to December. The rains 
were followed by a March to June harvest season (cosecha), then a season when fields were left fal-
low (barbecho) during the cold and dry period lasting from June to July. In this time, some families 
would also begin the michka, a round of early planting, in fields they determined to be ready.

My understanding of the altered agricultural calendar (right column) is rooted in the testi-
monies my research assistants and I documented. Colca residents identified new experiences of 
seasonality, which they highlighted as rainy seasons that were delayed or severely diminished, 
new levels of frost and intense cold beyond the expected months of June and July, and the unwel-
come surprises of erratic out-of-season weather events like hail and snowstorms which once oc-
curred only occasionally during the traditional rainy season. As opposed to how my interlocutors 
systematically described traditional agricultural timing, the shifts that interviewees noted could 
sometimes contradict one another and be inconsistent from year to year.

Testimonies demonstrate the intensity and unevenness of the deviations from the traditional agri-
cultural calendar. Julia Quispe Panta is a campesina and a village councilperson from Lari, a district 
that spans middle- and high-elevation settlements. She told us that “sometimes, there are years and 
years when it rains and there are years that, well, it doesn’t rain at its correct time (a su tiempo).” 
The fact that there exists a designated “correct” timing for expected rain indicates that current con-
ditions represent deviations from a known baseline. Eusebia Chavez, a fellow council member in 
Lari who also works as a teacher in Lari’s high school, echoed Julia’s observation of rains that are 
unreliable in timing and intensity. From Eusebia’s perspective, climate shifts have been felt
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Table 11.1 � An outline of Colca Valley’s traditional agricultural calendar (middle column) and observed al-
terations (right column), based on the 2019 testimonies and my broader ethnographic research 
conducted between 2008 and 2019

Month Traditional agricultural calendar
Expected weather events, with locally 
associated practices italicized

Altered agricultural calendar
Erratic weather events, with locally associated 
practices italicized

August 1 � August is a cold (frosts often occur at 
night, with warmer days) and dry (rain is 
rare) month. This is the opening month of 
the agricultural calendar.

2 � Some windstorms reach parts of the Colca 
Valley region.

3 � Rituals take place across villages 
that renew the hydrological cycle. 
These early-August rituals initiate the 
agricultural calendar.

4 � Planting (siembra) begins.

1 � Occasional rain, including severe flood-
inducing storms in some years.

2 � Windstorms last longer than expected.
3 � Cold temperatures with higher fluctuations 

between extremes.
4 � Rituals take place to renew the hydrological 

cycle and initiate the agricultural calendar.
5 � Main planting season begins, but now with 

enhanced efforts to calculate risk from 
newly extreme heat, cold, and storms.

September 1 � Mostly dry, with moderate temperatures 
(warmer days, night frosts rare).

2 � Planting month.

1 � Dry and moderate, with sudden temperature 
spikes and troughs and occasional extreme 
rain and hailstorms.

2 � Occasional windstorms.
3 � Planting continues, along with new efforts 

to avoid or plan around extreme weather 
by seeding fewer fields, adopting more 
drought-resilient crops or seed varieties, and 
utilizing increased fertilizer.

October 1 � Mostly dry, with moderate temperatures.
2 � Planting month.

1 � Dry and moderate, with sudden temperature 
spikes and troughs and occasional extreme 
storms.

2 � Planting continues, with above adjustments.
November 1 � The rainy season (temporada de lluvias) 

begins. Rains in November tend to 
indicate a good harvest year to come.

2 � Moderate temperatures.
3 � Planting month. Most planting ends.

1 � The rainy season sometimes begins 
forcefully and overwhelmingly.

2 � Rains sometimes fail to appear at all.
3 � Moderate temperatures with increased 

fluctuations.
4 � Planting month. Most planting ends.

December 1 � The first principal month of the rainy season.
2 � Most planting ends, with field maintenance 

continuing.
3 � Christmas and associated holidays offer a 

reprieve from agricultural labor in much of 
the month.

1 � Rain is sporadic.
2 � Moderate temperatures with increased 

fluctuations.
3 � Last planting and field maintenance.
4 � Christmas and associated holidays.

January 1 � Peak precipitation season. Rains are 
observed almost every day throughout the 
valley. Snow and hail are also observed.

2 � Snow accumulates on mountain peaks.
3 � Villages see warmer days and nights.

1 � Dramatically decreased or nonexistent rain.
2 � Rising number of hot and dry sunny days.
3 � Initiation rituals for new community 

leaders.
4 � Agricultural maintenance.

(Continued )
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Table 11.1  (Continued)

Month Traditional agricultural calendar
Expected weather events, with locally 
associated practices italicized

Altered agricultural calendar
Erratic weather events, with locally associated 
practices italicized

4 � Initiation rituals for new communal 
agricultural and hydrological office holders.

5 � Minimal agricultural work, with some field 
maintenance.

February 1 � Peak precipitation season. Rains are 
observed almost every day throughout the 
valley.

2 � Snow accumulates on mountain peaks.
3 � Warmer days and nights.
4 � Terrain (chakra) maintenance.
5 � Agriculturalists also often engage in small-

scale household maintenance and  
construction projects, and other non-field labor.

1 � Dramatically decreased or nonexistent rain.
2 � More warm days.
3 � The rainy season sometimes starts as late as 

this month, if it appears at all.
4 � Chakra maintenance.
5 � Other non-field labor projects, local 

obligations, and seasonal employment.

March 1 � The rainy season ends; waning precipitation, 
with some erratic rain and hail storms are 
expected.

2 � The harvest season (cosecha) begins.

1 � Erratic rains that can range from nonexistent 
or devastatingly sporadic to dangerous 
heavy rain and surprise intense hailstorms.

2 � Increased frost risk.
3 � The rainy season sometimes does not begin 

until this month.
4 � Harvests begin, if the previous months’ 

weather conditions allow.
April 1 � A fertile growth period. The valley is 

expected to be lush with growing crops  
and vegetation.

2 � Harvests take place throughout the month.
3 � Holy Week and Easter holidays provide a 

reprieve from agricultural labor.

1 � Spotty rain possible.
2 � Erratic and occasionally dangerously high 

levels of precipitation and temperature 
extremes.

3 � Increased frost risk.
4 � Harvests, newly endangered by frost and 

erratic weather, are less abundant than 
expected.

May 1 � Colder and drier weather sets in.
2 � Harvests throughout the month. Harvests 

end.

1 � Colder and drier weather, punctuated by 
erratic crop-injuring cold snaps and heat 
waves.

2 � Harvests are endangered and scarce.
June 1 � Colder weather intensifies.

2 � Peak frosts in some villages, including Lari.
3 � Fallow (barbecho) period. Checking 

seeds and fields; routine maintenance of 
agricultural land.

4 � Occasional early planting (michka) occurs.

1 � Cold weather intensifies rapidly or 
unevenly.

2 � June is warmer than expected.
3 � Harvests are endangered and scarce.
4 � Occasional early planting (michka) occurs.

July 1 � Coldest and driest month.
2 � Fallow (barbecho) period. Checking seeds 

and fields.
3 � Increased efforts to conserve water in fields 

and at home.
4 � Occasional early planting (michka) occurs.

1 � Occasional rain and warmer weather, 
including severe flood-inducing storms.

2 � Erratic frosts. Cold weather is present but 
can be inconsistent.

3 � Occasional early planting (michka) occurs.
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drastically, because, for example, regarding the rains, before they were, how to put it, nor-
mal, in their correct moment it rained. Now, instead, suddenly in periods where it’s not sup-
posed to, where you shouldn’t see that presence, it comes, and sometimes you even see huge 
rainstorms, which bring landslides.

Eusebia also described a more broadly destabilized seasonal rhythm.

Look, during this season [early July, the traditional dry season] there shouldn’t have been 
frosts, they should have been done by now…Where you see the last strong frost is the 24th 
of June. Now it’s already July 3rd, and it continues with the same intensity.

Eusebia’s calendrical precision demonstrates a scientific habit of rigorous longitudinal observation 
that scholars have noted in other regions of the Peruvian Andes (Caine, 2021; Orlove, Chiang, and 
Cane, 2002). Eusebia continued, moving to other anomalies: “Then, for example, last year until 
the month of September, October, there were these winds, like huge windstorms (ventarrones) 
that before you only ever saw them in the month of August, that was their moment.” Turning to 
the question of snow on surrounding mountain peaks, Eusebia noted that “before, they had, as it’s 
said here, their ‘white poncho.’4 With the change now, no, well, you don’t see it in the same way.”

“It’s not like it used to be,” Cesaria Maque Flores told us, invoking the refrain in her description 
of what agriculture has become in the Colca Valley. Cesaria is a part-time vendor in a small store 
and a part-time agriculturalist from the upper-elevation settlement of Canocota who in 2019 lived 
mainly in Chivay. Her observations of climate change were diverse, from lamenting the new prob-
lem of overheating on stone village roads to sheep that are now plagued with eye mucus. She also 
lamented the animals in the fields that were forced to burrow underneath one another in desperate 
search of shade. Cesaria described the need for more irrigation, due to more frequent droughts, 
by highlighting the plight of alfalfa, a plant known in the region for its ability to grow abundantly 
with low levels of water:

you need to be irrigating, because even alfalfa dries with ease. And every fifteen days at least 
you have to irrigate…you have to always be irrigating, fertilizing, because if you don’t do 
it, if you leave it, your crops will burn with the heat.

High-frequency irrigation and fertilizer use, for Cesaria, were adaptations that the new heat has 
forced on some families. Cesaria noted the overall breakdown in seasonal rhythms,

because there are times when it should have rained in the month of December, and it doesn’t 
rain a drop. In January, a tiny bit. And sometimes it only rains in January or February. So, 
there’s no rain. So yes, it’s a drastic change.

Like Eusebia, Cesaria also noted a lack of summit snowpack:

You no longer see snow here above, right? We call [the highland terrain] Patapampa. Before, 
when I was a child, I saw it covered in white snow. My mother told me, “Don’t look, don’t 

4	 The “poncho” invoked here is a reference to the garment traditionally worn for warmth by peasants in the Andean 
highlands. Its shape over the shoulders is similar to the conical form of snow as it covers a mountain peak.
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look, because you’re going to hurt your eyes.” Now you look at it, the land is reddish. Snow 
used to stay, I think. Now there’s no snow this season. Every season it used to be totally 
covered in snow.

Gerardo Huaracha, from Yanque, attributed changes in the weather to “global warming, because 
before, you almost didn’t realize when it was hot. Before there wasn’t so much heat, and now 
there’s so much heat, cold, and wind, right?” Here, he emphasizes that today’s erratic conditions 
dwarf the earlier extremes he once observed. Regarding the rains, Gerardo noted:

Before, the rain began in the month of November. The first days of November the rain be-
gan, and then they said that it was going to be a good year. But now, no. It begins sometimes 
in December. If rain begins in December that’s also really good, the little plants are growing, 
so, in December, it rains, and in January and February, that means good weather. But if it 
doesn’t rain in December, what will the plants do then?

Given these altered rains, he continued, the harvest “has changed. Because before the harvest, 
right, by March, we were completing the harvest, but now into July, we’re just finishing the har-
vest.” Gerardo also commented on the diminished presence of snow.

Before, Mismi,5 the whole year it was covered in snow, right? The snow never left, right? 
[The mountaintops were like this] all the way over to the Sabancaya volcano. But that’s no 
longer the case. All the snow has been erased from the mountaintops. Because of that, the 
water has also gone down a bit.

Terencia Huaracha Llukra, a campesina from Huanca (and a distant cousin of Gerardo’s), de-
scribed parallel struggles even in her lush lower-elevation community. She noted that while the 
balmy Huanca has not seen water shortages as dire as those in higher-elevation villages, it was still 
raining less. Agriculturalists in her community were also facing the new problem of frost risk in 
this usually balmy region. Terencia echoed previous testimonies about diminished snow: “There 
was snow atop the mountains this year, but only a little bit.” She also indicated that before, rains 
lasted until March, but in recent years, they stopped in February.

Underlying the destabilized agricultural calendar, local histories reveal periodic droughts tak-
ing place in the Colca Valley about every five to eight years in the latter half of the 20th century. 
These histories corroborate publicly available weather data from Peru’s weather monitoring ser-
vice SENAMHI (the National Service for Meteorology and Hydrology of Peru)6 and the SPEI 
(Standardized Precipitation-Evapotranspiration Index) Global Drought Monitor service.7 There 
exist local memories of the drought years in the early 1980s as particularly intense. However, in 
both villager testimonies and weather station data, those older droughts pale in comparison to the 
droughts that have plagued the valley since 2014. These and other testimonies of changes in the 
agricultural calendar demonstrate a close attunement to altered seasonal rhythms. As the next sec-
tion illuminates, the practices villagers engaged to adjust their livelihoods to an altered agricultural 
calendar reveal adaptation to be an uneven and unjust burden.

5	 Mismi is the mountain summit and earth-being that supplies the lower part of Yanque with its irrigation water.
6	 https://www.senamhi.gob.pe/?&p=lluvia-acumulada
7	 https://spei.csic.es/map/maps.html#months=0#month=10#year=2021

https://www.senamhi.gob.pe
https://spei.csic.es
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Unbeckoned adaptation: adjusting to an altered calendar

The agricultural work I have conducted with Gerardo and members of his network demonstrates 
the variety of ways they are working to adjust their growing practices as expected weather patterns 
break down. With less reliable rains, growing becomes less efficient as it is increasingly difficult 
to coordinate timing and harvesting labor between distinct crops and fields. Agricultural labor has 
become increasingly uncertain, with an improvised planning that combines knowledge of his-
torical patterns and best estimates based on recent erratic harvest years. Gerardo emphasized that 
agriculturalists like him are facing the new and burdensome imperative to adjust their livelihoods, 
usually without any state or regional government support. Similarly, Eusebia summarized her view 
of local agriculture in Lari as a site of cascading losses:

Now there is also a lot of migration. Many of the people are leaving from here. And that’s 
because, because, there’s a disappointment given the [agricultural] production here, and be-
yond that, the little terrains are too divided up, so there aren’t many opportunities…Because 
just like that, the costs don’t get any cheaper, for example sometimes, potatoes, per kilo 
sometimes you get from here 20 cents, 25 cents, 30 cents, when the production maybe has 
been for, well, you’ve invested more than you’re paid.

Eusebia’s testimonies moved seamlessly from identifying observed geophysical changes to the 
era’s intensifying socioeconomic marginalization. With her mention of low prices for cash crops, 
Eusebia captures a sense of disappointment for which observations of decreased harvests and an 
altered ecology alone would provide an inadequate explanation. Eusebia registered the fact that 
regional markets for cash crops planted according to a specific calendar were no longer a reliable 
means of making a living, and that this was also due to the consolidation of large corporate pro-
ducers within Peru that systematically excluded Colca growers from quinoa markets. Cesaria em-
phasized, through her own observations of recent changes to the region’s agriculture, that climatic 
changes and sociopolitical changes were inextricably linked. Cesaria made the observation, which 
I heard frequently from Colca Valley villagers, that local growers tend to use excessive fertilizer. 
She suggested that these small-scale chemical applications, made with the narrow aim of selling 
crops at a profit, were a local example of a globally unchecked human tendency to pollute while 
aiming for short-term gain. Agriculture is changing “significantly,” she said:

it’s the climate, and apart from that, unfortunately, it’s poor information, or it could be the 
agriculturalists that have done it, they’ve put really intense fertilizers and the terrains have 
turned really poor, and now no longer give good harvests.

In Cesaria’s view, fertilizers are a temporary improvement practice that state agents and develop-
ment projects promised would increase yields, but that ultimately injures fields. This emergency 
response to the sudden need to integrate fertilizers, Cesaria observed, results in fields that become 
irreversibly damaged over time.

Terencia noted that “Yes, agriculture has changed, they’re now seeding a lot of garlic because at 
least it sells; there’s a market. Potatoes, corn, they no longer plant that much, just a little, because 
it’s not so profitable.” To abandon potatoes for garlic in the Andes, the birthplace of the potato, 
is a striking shift. Describing the food economy, Terencia indicated that “Before, it was healthier, 
more natural.” Under that previous system, she said, “what you produced, you consumed.” Now, 
as she noted in a critique that resonated across interviews from multiple villages, the community 
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was regrettably moving from subsistence farming to “all store-bought goods” (“pura tienda”). 
This move is reflective of the experience of other rural and Indigenous communities that have been 
unjustly deprived of their food sovereignty due in part to fluctuating markets and prices for local 
crops (Blue Bird Jernigan et al., 2021).

Terencia echoed Cesaria’s and others’ concerns about how growing fields were exposed to 
chemical harms. She addressed the issue of rising pollution when asked about the environmental 
changes she had observed in her lifetime. “Everyone fumigates, they’re now contaminating [the 
fields] and you can’t go back to planting, maybe alfalfa; but even that is being lost.” As a related 
testimony from another anonymous interviewee suggested, when it comes to the land, “People 
here are really uncaring, and aren’t worried for their health or the environment.” There was clear 
intra-community blame for poor harvests and fertilizer and pesticide use that many interviewees 
entangled with their concerns about newly erratic rains.

The broader context of these diverse testimonies about responses to the changing agricultural 
economy is a longer local history of marginalization. In the next section, I move into the recent 
past to understand the development frameworks that by the late 2010s would compound the envi-
ronmental injustices of the Colca Valley’s altered agricultural calendar.

Climate change and the broken promises of market development

Climate justice scholar Kyle Powys Whyte argues that climate change impacts disproportionately 
harm Indigenous communities around the world, intensifying ongoing structural violences of co-
lonial extraction, exploitation, and abandonment (2016). Interviewees in Colca similarly invoked 
their experience of climate change as an environmental injustice with roots in the colonial inva-
sion. Eusebia, for example, pinpointed the rise of large mining enterprises and corporate market 
consolidation at the expense of small rural growers as a continuation of the colonial extractivism 
that initiated European rule centuries ago. Mercedes Mercado Gonzalez, a beekeeper and entre-
preneur from Huanca, described produce markets as spaces of price exploitation by intermediaries 
that has always been a fact of economic life but is now increasing: “we plant potatoes and corn, 
and sometimes we go to the market and in the market, they lowball us, or like, we don’t make 
back even what we invested it all goes into the intermediary’s hands, leaving us with few profits.”

Many testimonies from 2019 wove observations of climate change together with a critique of 
structural marginalization. This last section contextualizes locally altered agricultural seasonality 
in deeper colonial forms of extractivism and environmental injustice. I draw on my long-term eth-
nographic fieldwork and additional scholarly sources to elucidate the history of uneven develop-
ment that informs many villagers’ political readings of the altered agricultural calendar.

The last decade’s climate extremes did not touch down upon a blank ecological canvas. Rather, 
they were layered into the region’s recent history of modernizing development projects that worked 
to inculcate the technocratic promise that markets in agriculture mean widespread prosperity. This 
promise posited that by commoditizing their crops, agriculturalists could become entrepreneurs 
that benefit directly from regional market expansion. A commercialized, inclusive market agri-
culture based on the premise that it would always be possible to grow crops was rooted in the 
region’s mid-20th-century massive infrastructure programs that built out a muscular modernist 
state vision of techno-scientifically perfected agriculture as a source of ever-increasing improve-
ment. The Majes canal project, at the desert outskirts of the Colca Valley region, was emblematic 
of this modernist logic. It mobilized irrigation infrastructure to create new agricultural terrains 
along the coastal desert, setting the stage for expanded cash cropping and, an individualized entre-
preneurial logic throughout the region. Projects that approach massive infrastructure as a means  
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of creating the conditions for entrepreneurship have been documented in Peru (Carey, 2010) and 
elsewhere (Li, 2007; Mitchell, 2002; Scott, 1998).8

Building on the new artificially expanded land made available for agriculture, the promise of 
agricultural market development manifested itself in a series of small-scale initiatives that com-
municated to Colca Valley villagers that the problems of rural marginality could be solved with 
the framework of entrepreneurship and the economic technology of the cash crop. Subsistence 
agriculture dominated most Colca Valley livelihoods until the 1980s. Non-governmental organi-
zations (NGOs) such as Desco (the Center for Studies and Promotion of Development) were in-
strumental in building out Chivay as a regional market center. Desco was also key to establishing 
new infrastructures of financial inclusion in Chivay, including banks and microfinance businesses, 
which worked to commercialize crop growing by providing loans to agriculturalists who framed 
their work as a business. Desco and other small-scale development projects helped expand local 
markets for cash cropping beginning in the 1990s. Desco’s projects were oriented around themes 
of commercialization and the effort to transform agriculturalists into self-reliant, growth-ready 
entrepreneurs who could use their newfound profits to advance themselves. In that time, tourism 
was also expanding, and with it associated services like high-end restaurants, excursion experi-
ences, and culture-focused museums. Colca Valley tourism pitched an “off-the-beaten-path” ap-
peal to travelers interested in Peruvian cultural and ecotourism beyond the well-traveled attraction 
of Machu Picchu. By the 2010s, tourism in Colca had expanded massively. Colca is now home to 
luxury hotels like the Colca Lodge and Las Casitas del Colca.

Despite the expansion of new business in tourism, gastronomy, and hospitality, a combined 
cash-crop and subsistence agriculture had remained the bedrock of most people’s livelihoods in 
the lower and middle elevation Colca Valley villages, with the addition of pastoralism and live-
stock care in the high elevation villages. Indeed, in the high-tourism years before the Covid-19 
pandemic and Peru’s early-2020s political tensions, economic gains meant rising incomes for 
some agriculturalists and herders. While prosperity from cash-cropping remained deeply uneven, 
cash crops were a principal means of generating household income. However, by 2019, prices for 
once-profitable Andean crops were plummeting due to competition with large corporate growing 
conglomerates on Peru’s Pacific coast. For instance, the early 2010s saw a global quinoa boom and 
a consequent quinoa price spike. News outlets around the world—imagining a one-dimensional, 
profit-seeking Andean grower—fretted that high quinoa prices would mean the mass replacement 
of this nutritious local grain for the empty calories of packaged food like pasta as Andean residents 
moved to selling quinoa instead of consuming it (Blythman, 2013). Certainly, there existed lo-
cal concerns about food sovereignty, as Terencia’s testimony makes clear. Yet a study of Andean 
quinoa grower households during the early 2010s demonstrates that quinoa’s rising price brought 
prosperity to many growers without forcing them to sacrifice nutrition (International Trade Centre, 
2016). My own experience living with a quinoa-selling family corroborates these findings.

However, the late-decade quinoa price drop proved devastating for farmers in the Colca Valley 
and throughout the Andes. In the late 2010s, quinoa prices plummeted from a peak of $4 USD per 
pound to $0.60 per pound (McDonell, 2018). As Fabiana Li and Claudia Urdanivia note (2020), af-
ter quinoa prices in the southern Andes fell from their 2014 peak, farmers began to feel that lower 
prices did not justify the required agricultural investment. In part due to quinoa’s global promotion 
as a superfood—2013 was deemed the United Nations’ “International Year of Quinoa”—corporate 
actors with more robust access to capital and international markets flocked to quinoa, competing 

8	 An analysis of water infrastructure projects and climate change can be found in Junqueira et al. (2021).
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with small-scale Andean farmers. Quinoa production, alongside the dairy industry and other crops 
like rice and barley, was increasingly consolidated in larger corporate farms along the Peruvian 
coast during the 2010s. This created a glut in the market. The encouragement by entrepreneurship-
focused Andean development projects to highland farmers to share quinoa with the world led to 
agricultural expansion followed by agricultural decline due to the absence of market safeguards 
for small-scale producers (McDonell, 2018).

The corporate capture of what was once a grain targeted for its potential to empower traditional 
highland farmers had, by the end of the decade, resulted in intensified economic marginalization for 
many of those farmers. Compounding this marginalization, the altered agricultural calendar under-
mined the premise of an ecologically stable ground for cash and subsistence crops alike. In 2019, 
villagers repeatedly told me that cash cropping inevitably meant losing money and was no longer 
worth the investment. This amounts to the breakdown of the promise of agricultural entrepreneur-
ship: cash cropping in quinoa, potatoes, and other products that Andean farmers once had the reli-
able ability to sell ceased to be a sure means of generating essential cash income. Many villagers 
identified their continued agricultural production as “just for us,” or exclusively for household con-
sumption, as Yanque resident Edwin Oxa told me. The linked failures of the premise of a consistent 
agricultural calendar and the promise of entrepreneurial growth reveal how the global heating crisis 
is inextricable with local crises of structural marginalization and environmental injustice.

Conclusion

The widely offered refrain that agriculture in the Colca Valley is “not like it used to be” entangles 
observations of new weather unpredictability with a socioeconomic critique of the precipitous 
fall of the cash crop. The growing scholarly interest in how local communities voice their un-
derstandings of climate change demonstrates an important effort in climate science and policy 
discussions to highlight underrepresented expertise from contexts of marginalized knowledge, 
where longitudinal insights into ecological disruption are mobilized for forced adaptations. How-
ever, as research that highlights local voices on climate change flourishes, it will also be essential 
for analyses that amplify those voices to foreground the political, historical, economic, and other 
structural conditions through which locally oriented climate insights are generated.

I repeatedly found Colca Valley growers offering political ecology critiques of climate change, 
describing their agricultural lives and the adaptations forced upon them without invoking a neat 
dividing line between the conditions of drastic environmental change and the conditions of un-
even market development. Localized observations of the altered agricultural calendar were offered 
alongside insights about the outdated premise of stable weather and the unfulfilled promise of ag-
ricultural entrepreneurship. Testimonies from the Colca Valley transformed my intended study of 
diverse responses to an atmospheric phenomenon into an analysis of environmental and economic 
injustice. As research on local indicators of climate change impacts proceeds, an environmental 
justice framework will be essential to highlighting the distributional politics, capitalism gaps, and 
deliberate policy decisions that disproportionately expose already-marginalized communities to 
the uneven burdens of erratic new climatic conditions.
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THE COLONIAL ROOTS OF 
CLIMATE VULNERABILITY. 

ANALYSING THE CASE OF THE 
MAPUCHE-PEHUENCHE PEOPLE 

IN SOUTHERN CHILE
Rosario Carmona

Introduction

There is consensus on the particular vulnerability of Indigenous Peoples to climate change (IPCC, 
2022). However, the meaning of this statement is not free of tensions, as what is understood by 
climate vulnerability varies depending on who makes the diagnosis (O’Brien et  al., 2007). So 
far, recognition of Indigenous Peoples’ vulnerability has reinforced a view that positions them as 
victims of biophysical events resulting from climate change, such as impacts on their livelihoods 
(Callison, 2017). As a result, the primary institutional responses to address Indigenous Peoples’ 
vulnerability have aimed at responding to such pressures, in most cases omitting the historical fac-
tors that determine vulnerability and affect their capacity to respond (Belfer et al., 2017). Never-
theless, these historical factors, such as colonialism, have been at the heart of historical Indigenous 
Peoples’ complaints and advocacy (Parsons & Nalau, 2016).

In its latest report, the IPCC (2022) recognises that Indigenous Peoples’ vulnerability is closely 
linked to the marginalisation stemming from past and ongoing colonial dynamics. In addition 
to depriving Indigenous Peoples of their right to self-determination, this marginalisation has ex-
cluded them from decision-making processes, and pushed them to inhabit territories with extreme 
geographical and climatic characteristics (Humphreys Bebbington, 2013). These territories also 
face disproportionate environmental liabilities from activities that sustain national economies, 
such as extractivism (Millaleo, 2020). Added to all these pressures is the increasing criminalisation 
of Indigenous Peoples’ demands; the murder of environmental defenders is on the rise, dispropor-
tionately affecting Indigenous Peoples, especially those in Latin America (Global Witness, 2021). 
However, climate policies implemented in Indigenous territories do not address these factors (Par-
sons & Nalau, 2016). On the contrary, aiming primarily at solving a global problem, these policies 
do not consider Indigenous Peoples’ particular relationships with their territories, the State, and 
climate change itself (Ulloa, 2017a). Consequently, climate policy has reproduced colonial dy-
namics that, in addition to producing vulnerability (Whyte, 2021), reinforce the dichotomous illu-
sion that separates humans from the rest of nature, which, according to many Indigenous Peoples, 
is the root cause of climate change (Redvers et al., 2022).

This chapter has been made available under a CC-BY-NC-ND license.
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Indigenous leaders and scholars have highlighted the close relationship between colonialism 
and climate change (Parsons & Nalau, 2016; Whyte, 2021). Therefore, responding to these prob-
lems requires processes of decolonisation that remove the assumptions that underpin our rela-
tionship with nature and ourselves (Gram-Hanssen et al., 2021). Decolonisation’s first step is to 
reveal how these assumptions are constructed and sustained (Mohanty, 2008). Concerning Indig-
enous Peoples, extensive research has addressed the socio-ecological inequality that affects them  
(Middleton, 2015). In Latin America, multiple studies have analysed the power relations that, 
since colonial times, determine the administration of the territory and the distribution of envi-
ronmental liabilities (e.g., Alimonda, 2016; Humphreys Bebbington, 2013). However, a critical 
review of how national and global dynamics restrict local actors’ capacities to cope with climate 
change’s impacts is still incipient (Dietz & Wehrmann, 2016).

The Mapuche People in Chile have faced the multiple social and environmental impacts of 
forestry extractivism over the last decades (Millaman Reinao, 2008). Although multiple studies 
set a precedent for understanding how their social vulnerability has been constructed (Aylwin 
et al., 2013; Klubock, 2014; Mondaca, 2013), the relationship between these processes and climate 
change remains an under-explored issue and therefore omitted from current climate change meas-
ures (Carmona et al., 2021). Against this background, this chapter analyses the social construction 
of the climate vulnerability of the Pehuenche People – a sub-group of the Mapuche People – in 
Lonquimay, a rural district in the southern Andes. It investigates the historical and political pro-
cesses that have mediated their relationship with a territory that has been progressively degraded. 
Then, it presents the responses that communities and the State are deploying in the face of climate 
change, considering how different actors understand vulnerability.

Mapuche People and policy. A relationship mediated by extractivism

The Mapuche are an Indigenous People inhabiting south-central Chile and southwestern Argen-
tina. They are composed of diverse sub-groups who share a social, religious and economic struc-
ture, and a common language: Mapudungun. Today, the Mapuche People in Chile represent 85% 
of the Indigenous population and 9% of the national population (INE, 2017). The majority live 
in the regions of Ñuble, Bío Bío, and La Araucanía, although approximately one-third live in 
the Metropolitan Region of Santiago. While most Mapuche People live in urban contexts, many 
maintain strong links with communities in the ancestral territory (Carmona, 2015). Those who live 
in rural communities practice a subsistence economy based mainly on agriculture and livestock.

The recent history of the Mapuche People illustrates colonial processes based on the exploi-
tation of nature and the subordination of Indigenous Peoples (Alimonda, 2016). The Mapuche 
were subjected to internal colonisation in the early 1860s, a process that reduced their territory 
to 5% of the land they occupied in pre-colonial times (Bengoa, 1985). The State presented Ma-
puche as barbarians, not rooted in the land and its resources, which were considered unexploited 
(Klubock, 2014).

The usurpation of Mapuche territory by State powers gave way to expanding the agricultural fron-
tier and an incipient timber industry facilitated by forest fires (Otero, 2006). Fire, land accumulation, 
and inadequate techniques triggered an ecological crisis in the late 19th in the South of Chile, which 
was addressed through the creation of reserves and reforestation with exotic trees – mainly Pinus 
insignis and Eucalyptus globulus – (Klubock, 2014). Since then, plantations have been validated 
as a technocratic and sustainable response and positioned as a mechanism for soil recovery. Dur-
ing the Pinochet dictatorship, forestry started to be regulated by the market and became the second 
most important extractive activity in Chile, after mining. Currently, plantations cover 3.6% of the  
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national territory, with the highest concentration (60%) in the regions of Ñuble, Bío Bío, and La 
Araucanía, home to the highest percentage (42%) of the Mapuche population at the national level 
(INFOR, 2021).

Like all extractive activities, forestry has generated power asymmetries that have increased 
marginalisation, poverty, precariousness, and social conflict (Aylwin et al., 2013). Where forestry 
predominates, unemployment is higher than the national percentage (INE, 2017). Furthermore, 
logging companies control the territory, do not contribute to local development, and do not miti-
gate their impacts. Moreover, their management technologies have displaced Indigenous tech-
niques and knowledge (Mondaca, 2013). In environmental terms, extractivism has led to increased 
degradation, erosion, fires, pollution, and drought, with consequent social, cultural, and economic 
repercussions. Currently, water scarcity is exacerbated by a legal regime that excludes most local 
communities from water administration1 and a megadrought affecting the central-southern part of 
the country for ten years (Garreaud et al., 2017).

The Mapuche People have consistently denounced these impacts and demanded environmen-
tal justice (Schlosberg & Carruthers, 2010). The State has countered their complaints through 
two main mechanisms: increasing development policies and criminalising the demands. Both are 
highly controversial. Development policies have not succeeded in reducing poverty; on the con-
trary, they have often reinforced dependency and favoured the expansion of the neoliberal projects 
affecting the Mapuche lifestyle (Valdivieso, 2021). The criminalisation of the Mapuche People has 
progressively militarised communities causing serious rights violations (Bauer, 2018).

One of the policies that have the most significant impact on the territory of the Mapuche People 
is the Indigenous Peoples Territorial Development Programme (PDTI). Since 2011, the PDTI has 
aimed at the economic development of communities through an intercultural approach. However, 
due to its centralised and non-participatory nature, it replicates the procedures of non-Indigenous 
development policy. Despite its multiple reformulations, its objectives do not meet the communi-
ties’ needs or adapt to the specific territories (Aninat & Hernando, 2019). By primarily supporting 
livestock management, the PDTI has led to the homogenisation of agricultural and livestock sys-
tems and modelled a relationship with the State based on the delivery of material inputs. Thus, the 
PDTI has increased Mapuche dependence on state support. It has also impacted social bonds, as 
it is based on a loan system that prioritises individual work, excludes those who cannot repay, and 
requires the formation of new directives, overlooking traditional organisation systems. Further-
more, its constraints hamper the work of officials, who lack intercultural competencies and whose 
roles tend to be misunderstood.

In parallel, the State has increased the criminalisation of minor offences attributed to Mapuche –  
such as cattle rustling – and the application of emergency laws that suppress the guarantees of due 
process (Aylwin et al., 2013). As a result, polarisation and radicalisation have escalated. Although 
police violence is concentrated in an area particularly affected by forestry extractivism, the conflict 
has increased the stigmatisation of the Mapuche People as a whole.

In this context, the Mapuche People face climate change and its impacts, such as decreasing 
precipitation and increasing extreme events (ARClim, 2020; Treulen, 2008). However, climate 
policy does not consider Maoucheparticular vulnerability (Carmona et al., 2021). On the contrary, 
Indigenous Peoples have been excluded from climate governance (Millaleo, 2020). Most legisla-
tion omits or positions them as vulnerable (Carmona et al., 2021). Furthermore, afforestation with 
exotic species and the reproduction of the exclusionary conservation model have been positioned 

1	 Chile’s Water Code privatises water and separates its ownership from land ownership.
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as legitimate mechanisms for mitigation (Millaman Reinao, 2008) – which is inconsistent with 
evidence showing that increasing plantations and decreasing biodiversity do not translate into 
carbon storage (Heilmayr et al., 2020).

Material and methods

Lonquimay

Lonquimay is located in an inter-Andean valley in southern Chile (Figure 12.1). As a high moun-
tain territory (1,000 m.a.s.l.), Lonquimay is very sensitive to environmental changes (Marchant, 
2011). Projections indicate that the zero isotherm will rise between 300 and 500 metres, increasing 
watershed runoff and winter flooding of rivers (MMA 2013). This will reduce water storage in the 
mountains and summer flows, making Lonquimay highly vulnerable to drought (ARClim, 2020). 
Furthermore, Andean communes in Chile tend to be socially, politically, and economically margin-
alised (Kronik & Verner, 2010) and have lower levels of quality of life indicators than the rest of the 
population (Marchant, 2011). Lonquimay is the second poorest commune in La Araucanía, the poor-
est region in Chile; 64.4% of its population lives in multidimensional poverty (MIDESO, 2017).

About 56% of Lonquimay’s population is Mapuche-Pehuenche, living primarily in rural com-
munities (INE, 2017). The main income of these communities comes from state aid, livestock, and 
the sale of non-timber forest products (e.g., pine nuts and mushrooms).

Figure 12.1 � Lonquimay. Source: Adrián Fernández (modified) in Carmona 2022.
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Data collection

This research draws on ethnographic work conducted between 2017 and 2019. A documental re-
view of literature on the Pehuenche People over the last 30 years was undertaken to investigate 
the historical and political processes that have mediated the Pehuenche relationship with the ter-
ritory. Participant observation was conducted in Lonquimay among two Pehuenche communities 
and during the implementation of three climatic programmes to analyse local responses to climate 
change. These programmes are EcoAdapt, funded by the European Commission and led by the 
municipality of Lonquimay, the National Strategy on Climate Change and Vegetation Resources 
(ENCCRV), funded by the UN-REDD Programme and led by the National Forest Corporation 
(CONAF), and the Sustainable Mediterranean Communities, funded by the Global Environmental 
Facility (GEF) and led by the Ministry of the Environment. Local officials’ practices and interac-
tions with Pehuenche communities were observed in the households and at community meetings.

In addition to participant observation, 34 semi-structured interviews were conducted. Partici-
pants were selected under three criteria: (i) Pehuenche community members whose primary ac-
tivity is livestock (n = 12); (ii) Pehuenche community members who work as municipal officials 
and are in charge of implementing policies (n = 8); and (iii) state officials in charge of climate 
change programmes implemented in Lonquimay (n = 14). The interviews aimed to identify how 
Pehuenche communities and the State are responding to climate change impacts and how the 
different actors interact during the implementation of such responses – institutional or local. Fur-
thermore, Pehuenche participants were asked about environmental changes over the last three 
decades and their effects on socio-ecological systems to better understand the context in which 
these responses are deployed (Reyes-García et al., 2023).

Data analysis

All information was systematised with the help of Atlas.ti software (Version 8.4.5). I conducted 
an open coding exercise, which led to the emergence of three codes: causes of environmental deg-
radation, Pehuenche responses to climate change impacts, and state responses to climate change 
impacts. The relationship between these codes allowed me to access the historical processes and 
cultural dimensions that construct a scenario of vulnerability to climate change. Specifically, 
this relationship was analysed based on the two approaches to climate vulnerability proposed 
by O’Brien et al. (2007): contextual vulnerability and outcome vulnerability. Contextual vulner-
ability understands climate vulnerability as an outcome of socio-historical processes. It, therefore, 
assesses the capacity to cope with pressures and changes considering institutional and socio-eco-
nomic constraints. Outcome vulnerability analyses the negative impacts of climate events, meas-
ured through biophysical processes and adaptation options.

Causes of environmental degradation in Lonquimay

The current population of Lonquimay was shaped by the internal colonisation processes of the 
mid-19th century. Coming from both sides of the Andes Mountains and fleeing from the Chilean 
and Argentinian armies, several Mapuche families took refuge in its valleys, where they encoun-
tered the first Pehuenche inhabitants – who transited between Chile and Argentina. Together, these 
families survived thanks to the shelter and pine nuts provided by the pehuen (Araucaria arau-
cana), a tree they considered sacred. At the beginning of the 20th century, the State granted land 
titles to some families, but the exclusion of many others led to multiple conflicts (Bengoa, 1992).
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The conditions for productive and social development in Lonquimay are minimal. Soil charac-
teristics, mostly of volcanic origin and with steep slopes, and low vegetation cover lead to intense 
wind erosion, which together with the extreme climate, make agriculture very difficult. Accord-
ingly, the State organised Lonquimay’s economy around livestock farming and extraction, first 
of gold and later of timber. The exploitation of the forests permanently modified the territory; the 
consequences were irreversible. The stories emerge from the collective memory: “They used to cut 
araucarias. They came to sell truckloads of pehuen. This was a forest, and now it is empty” (Inter-
view 9, Pehuenche person, 09.01.18). Degradation triggered various conflicts to which the State 
responded through the sale of timber estates and the creation of forest reserves, which imposed 
new ways of relating to the forests and limited the extraction of pine nuts (Comisión de Verdad 
Histórica y Nuevo Trato, 2008).

Land degradation has been reinforced by state policy. Livestock farming was promoted as a sta-
tus symbol, and today, through the PDTI, the State encourages species and fields homogenisation, 
with the goal of growing livestock feed. Although most Pehuenche families depend on livestock, 
this activity is not sustainable, especially cattle. The conditions of the territory and the hard winters 
make it very difficult for the animals to survive. Moreover, the communities have no processing 
infrastructure and depend on regional markets for trading, which are very far away. Besides, the 
mountainous conditions make cow meat tougher and, therefore, less demanded. The participants 
report that their earnings barely cover their expenses: “We forage for five months because we are 
not farmers; we have to keep animals ourselves. Then, when we count how much we harvest and 
spend, we do not earn anything. We exchange money for money” (Interview 7, Pehuenche person, 
28.12.18). Nevertheless, participants admit that many families have more animals than their land 
can support, a pressure currently reinforced by population growth.

To curb soil erosion, the State has implemented reforestation plans with exotic pines, which the 
Pehuenche consider imposed. “Some professionals explained to the people that we could plant this. 
The elders believed them, and they planted these trees. But it is harmful! The technicians knew it 
was harmful. Why did they do it?” (Interview 13, Pehuenche official, 05.12.17). The territory does 
not allow these trees to grow as fast as they do in the valley and the participants associate them with 
loss of biodiversity and increased drought. The legal regime, prohibiting communities from draw-
ing water from the rivers that run past their doorsteps, further aggravate the effects of water scarcity. 
Water scarcity is addressed by the municipality through water tanks. According to the Pehuenche, 
water from the tanks is insufficient and of poor quality. “There are days when you have water and 
others when you have to ration it to last a fortnight, so the water is no longer fresh. And we cannot 
get water from the river, even if we wanted to” (Interview 13, Pehuenche official, 05.12.17).

Despite the difficulties, the Pehuenche maintain that they live in a safe and clean environment. 
They consider themselves adapted to a climate that, despite being “very harsh”, has forged a par-
ticular and unique relationship with the territory. Many rely on the territory and its species to heal 
their ailments; herbal medicine, for example, is in great demand. Trees, especially pehuen, are 
considered a source of life and sacred.

However, due to external pressures, Pehuenche’s knowledge of their land is weakening and, 
with it, the relationship with nature. Both outsiders and some young Pehuenche no longer express 
respect for nature. The lack of respect determines that the spirits that take care of nature leave, 
promoting the illness of the territory. The illness of nature and people affects the physical and 
spiritual dimensions, reinforcing the illusion of separation that produces ecological damage. “The 
spirit leaves, and we lose the sense of being Mapuche. Thus, we make many mistakes” (Interview 
4, Pehuenche person, 04.01.18).



Rosario Carmona

202

Local responses to climate change impacts

Pehuenche communities are currently feeling the multiple impacts of climate change, mainly at-
tributed to increased temperature and climate variability. The most critical impact is the decrease 
in precipitation, especially snowfall, which results in less water storage in the mountains and a 
drying up of the springs. Households have increased their demand for water from the municipal-
ity. Drought is also affecting natural grasslands. To cope with this situation, Pehuenche families, 
supported by the PDTI, have shifted from growing crops for human consumption, such as wheat 
and quinoa, to growing livestock feed, such as alfalfa and oat. However, these crops are not very 
productive in the area due to high pesticide use, land degradation, and climate variability. In ad-
dition, the shift leaves families dependent on local markets for food, which generally do not offer 
nutritious options.

The feed shortage impacts livestock health, which is also affected by other climate impacts. 
Winter has lengthened, and frosts have increased, weakening calves and burning crops. Livestock 
mortality and behavioural changes have also increased; females give birth early and do not pro-
duce enough milk. In this situation, household’s primary strategy is an economic investment: to 
build sheds and buy substitute milk. However, those who cannot finance these measures must sell 
their animals, losing, as they call them, the “savings of the Pehuenche”.

According to most participants, summer weather has also changed. The mornings and evenings 
are colder and windier than in the past, making the elders sicker. However, at the same time, the 
increased intensity of the sun during the day makes it challenging to work in the fields. “The last 
few years, the heat burns you. You are walking and you get fried” (Interview 4, Pehuenche person, 
04.01.18).

Climate change also impacts native flora and fauna. There is a consensus that many lawenes2 
have diminished, doing the work of the lawentuchefe3 harder and generating greater dependence 
on the state health system, which is quite precarious. Native trees are weaker. Many of them break 
under the weight of the snow, increasing degradation and deforestation. The most affected species 
is the pehuen. Its phenological changes have opened a national debate on its conservation status,4 
for which Pehuenche fear further restrictions on the traditional use of this species.

To mitigate these impacts and diversify economies, the Pehuenche participate in various train-
ing programmes offered by the State. However, according to some Pehuenche leaders and munici-
pal officials, these often reinforce dependency on State assistance.

After all, we live to pay. It is a vicious circle. The vast majority depend on the various subsi-
dies provided by the State. This is also due to the imposition of a model, of a way of looking 
at production and the economy, that finally has repercussions on our life.

(Interview 8, Pehuenche person, 26.12.17)
To increase income, many adults migrate to the north for temporary work. However, this strat-

egy impacts the family sphere as the elderly and children are left alone in the fields. Some families, 
supported by the State, have initiated some touristic activities, but engaging in tourism is not ac-
cessible to most families, who do not have the necessary infrastructure and means.

2	 Medicinal herb.
3	 Herbalist, traditional healer.
4	 See www.asemafor.cl/el-cambio-climatico-puede-estar-tras-la-enfermedad-que-afecta-a-la-poblacion-de-araucarias-

en-chile/   

http://www.asemafor.cl
http://www.asemafor.cl
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Despite all these difficulties, the Pehuenche do not feel vulnerable in the face of climate change. 
They trust their knowledge and are used to facing extreme conditions. However, they do perceive 
that their capacity to respond has been restricted by state action, as one leader mentions:

We are not vulnerable. Our rights have been violated. We were reduced, militarily subdued, 
to stay in the mountains where we do not have the climatic and territorial conditions to 
generate an autonomous economy. We are not even able to produce food. Furthermore, they 
violate our rights daily by denying our existence, language, organisation practices, and ways 
of thinking, by intervening in our processes for their interests.

(Interview 8, Pehuenche person, 26.12.17)

State responses to climate vulnerability

According to non-Indigenous state officials, the United Nations Framework Convention on Cli-
mate Change (UNFCCC) defines the criteria to assess vulnerability. Based on these criteria, of-
ficials understand vulnerability as a product of the biophysical impacts associated with these 
indicators on economic development.

Lonquimay’s socio-ecological situation has attracted various climate change mitigation and ad-
aptation programmes. The first one was EcoAdapt, which aimed at promoting adaptation through 
watershed management and was implemented in three communities of Lonquimay. In two of the 
EcoAdapt experiences, perimeter fences were put in place to protect the water sources from live-
stock. Not without resistance, these measures also promoted reflection on the sustainability of live-
stock farming. Specifically, people reflected on the constraints posed by livestock to reforestation, 
which is critical for recovering water sources.

In the third community, the EcoAdapt project was not implemented due to a lack of coordina-
tion. Although dialogues were held to define the objectives, local proposals and needs were disre-
garded. According to a Pehuenche leader, who is also a municipal official,

People are asked to solve local problems. Nevertheless, the institution says “you cannot 
go off-target”. So we end up doing what they say. Sure, there was participation, people 
were consulted. Nevertheless, when people question the project, they say, “No. We have the 
money, and these are the investment parameters”.

(Interview 17, Pehuenche official, 29.12.17)

The second programme was the ENCCRV, which aimed to meet Chile’s mitigation targets and has 
two projects implemented in Lonquimay. The first ENCCRV project directly involved the com-
munity of Quinquen in an initiative to capture carbon through reforestation with native species. 
However, as only one leader was informed, the community perceived the project as imposed and 
not responding to their immediate pressures. As the international funding was already approved, 
CONAF had to negotiate with the community. The meetings posed significant intercultural chal-
lenges. The dialogues drifted towards long-standing issues, such as the territory’s exploitation, 
and conflicts rooted in state policy surfaced. Although the institution promoted collective work, 
Pehuenche participants prioritised individual work. The coordination constraints determined that 
CONAF decided to give up its mitigation targets and focus the project on strengthening local ad-
aptation. During the meetings, it was agreed to recover culturally relevant spaces, generate waste 
management plans, and build a community nursery. Despite the officials’ perception that they 
could not access Pehuenche’s opinion, the Pehuenche said they felt listened to.
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The second ENCCRV project implemented in Lonquimay aimed to reforest an area of the 
China Muerta national reserve, part of which belongs to the Quinquen community and plays a vital 
role in their livelihoods and spirituality. Quinquen leaders demanded participation in the planning. 
Nevertheless, CONAF officials had to refuse because the institution was unwilling to reformulate 
the objectives (MINAGRI et al., 2016). “The institution made the decision without consulting the 
community” (Interview 5, Pehuenche person, 05.12.17).

The third programme, the GEF project, sought to promote mitigation through sustainable land 
use. It included three measures in Lonquimay. Two were implemented in Pehuenche communities, 
the first without significant participation and the second with higher levels of involvement. The 
former aimed at carbon sequestration through agroforestry. However, the Pehuenche did not want 
to reduce space for livestock but to increase crops to feed the animals, for which they did not want 
to participate in the initiative. The lack of coordination led to the institution finally deciding to rep-
licate the practices of the PDTI, that is, financing the growth of oat crops to feed the livestock. The 
second measure implemented in a Pehuenche community aimed to reforest the forest with native 
species. However, the involvement of the leaders led to a change of plans, as one leader recalls: 
“We are tired of having imposed solutions from Santiago. To raise solutions from the territory, that 
is something important for us” (Interview 8, Pehuenche leader, 26.12.17). The community wanted 
to recover the forest, but also to strengthen food security and social bonds. To this end, the lead-
ers proposed family gardens. Although the institution did not consent initially, an agreement that 
combined the construction of the gardens with two nurseries was eventually reached. During im-
plementation, the reorganisation of the plots promoted a profound reflection on the sustainability 
of livestock farming. Families realised that diversification of the land enabled them to have other 
sources of income and food. In addition, the space given to local leaders reinforced confidence in 
local capacities, which led to the creation of a cooperative to trade local products.

Although the ENCCRV and GEF initiatives set a precedent for collaboration between com-
munities and the State, they did not achieve their mitigation goals. The reformulation of objectives 
led to the delay of resources, generating much disappointment among the Pehuenche. Moreover, 
in both cases, the nurseries – promoted mainly by the institutions – were semi-abandoned after 
funding ended. They were not part of the daily and traditional dynamics of the families, so the 
Pehuenche believed they did not know how to manage them.

Discussion

The case of the Pehuenche People provides an insight into how the vulnerability of Indigenous 
Peoples to climate change is a socially constructed process. In Lonquimay, climate vulnerability is 
created through power relations that reinforce marginalisation and colonial dynamics, even those 
that seek to overcome it.

The situation in Lonquimay, thanks to its socio-ecological conditions, allows us to observe this 
construction as a dynamic state (O’Brien et al., 2007) and, as other scholars have pointed out in 
this book (Hirsch, 2024), to understand how climate change is inextricable from the conflicts that 
stem from structural marginalisation and socio-ecological inequality. The conditions of Lonqui-
may’s territory – unsuitable for agriculture – served as a pretext for the State to promote livestock 
and extractivism as primary sources of development. The resulting degradation became a justifi-
cation for constant intervention, reconfiguring the territory and local economies. The social and 
ecological effects have been disastrous. By reducing socio-ecological inequality to a problem of 
poverty and encouraging competition for resources, state policy has strengthened dependency and 
encouraged individualistic practices that are very difficult to reverse.
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In this context, the Mapuche-Pehuenche also face the current impacts of climate change. Al-
though they try to respond, many of their responses risk reinforcing the factors that produce their 
vulnerability (Carmona, 2022). Their identity as herders pushes them to try maintain livestock, 
even though they recognise that it is neither environmentally nor economically sustainable. How-
ever, the Pehuenche do not perceive themselves as vulnerable to climate change; rather, they argue 
that their capacities have been undermined by impoverishment, precariousness, and marginalisa-
tion. Added to the impacts on their territories, they must deal with the assumptions and prejudices 
emanating from the forestry conflict, which have spread an image of the Mapuche as a conflictive 
people. Because of this, overcoming climate vulnerability cannot be separated from strengthening 
their autonomy.

Differently from Pehuenche’s view, Chilean climate policy understands vulnerability as a result 
of biophysical processes and does not consider its institutional and historical causes. Although 
climate policies in Indigenous Peoples territories are still marginal, they are implemented based on 
the lessons learned from the development policy for Indigenous Peoples that has failed to resolve 
territorial conflicts and has strengthened inequality (Aninat & Hernando, 2019), as illustrated 
by the mitigation project that ended up financing oat crops. In attempting to respond to climate 
change uncritically, the State does not question the paradigms that have generated the problem – 
as one that positions certain beings, human and non-human, for the benefit of the few (Redvers 
et al., 2022). Such acceptance only reduces an issue with environmental and social implications 
to the technocratic approach (O’Brien, 2012). This perspective generally perpetuates existing de-
pendencies, power asymmetries, and inequalities (Dietz & Wehrmann, 2016), as it allows elites to 
manipulate the environmental crisis to consolidate their power and economic interests (Bankoff, 
1999; Whyte, 2021). This has been the main focus of Chilean climate policy, which, based on 
international guidelines built on the colonial development paradigm –such as REDD+ as in the 
case of the ENCCRV – aims primarily at economic growth. This approach prioritises neoliberal 
measures that victimise those affected and reduce them to objects of policies that dismiss their 
priorities, worldviews, and knowledge systems (Ulloa, 2017b).

Where technical responses to climate change prevail, the role of state officials is reduced to shap-
ing the capacities of local people to respond according to predefined objectives (O’Brien, 2012). 
As the nurseries demonstrate, this approach fails to embed itself in local practices. Moreover, in 
all programmes, communities were presented with prefabricated proposals that neglected local 
needs and challenges and only attempted to respond to a problem framed globally, which ignores 
local specificities (Merino, 2018). When participation is encouraged only to respond to demands 
for international funding, the tensions between the global and local spheres highlight how shifting 
responsibility for climate change mitigation to communities, while ignoring their needs, replicates 
the dynamics of coloniality that make Indigenous Peoples vulnerable (Whyte, 2021). Moreover, as 
the above projects illustrate, institutions miss the opportunity to critically analyse their practices 
and promote co-construction processes that lead to more just and sustainable responses.

However, the advocacy of the international Indigenous Peoples’ movement has positioned the 
respect for Indigenous Peoples’ rights in international discussions, which has been endorsed by 
the UNFCCC through the Paris Agreement. The interstices of participation that have opened up 
allow affected communities to challenge the top-down approach. Institutions need to rethink their 
practices to meet commitments made through international programmes and thus access additional 
climate finance. Even though the negotiations were challenging, and participation remains weak, 
the experiences in Lonquimay set a precedent for collaboration at the national level. How the 
various actors take advantage of the lessons to promote further transformations at the institutional 
level remains to be seen.
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Conclusion

How vulnerability to climate change is understood matters. Different interpretations determine 
how knowledge is produced and define the institutions, actors, and disciplines that address the 
problem. Climate change impacts are intertwined with multiple stressors, thus requiring multiple 
foci of intervention. The processes that have favoured the acceleration of climate change, such 
as colonisation, exploitation of nature, and capitalism, are the same processes that have pushed 
Indigenous Peoples into vulnerability.

There is no doubt that we must curb greenhouse gas emissions. However, as long as the ine-
qualities and inequities that have historically disadvantaged Indigenous Peoples are not addressed, 
any effort to diminish climate change impacts will be unproductive and short-sighted. Analysing 
the historical and institutional drivers of vulnerability opens up the possibility of reframing climate 
policy from a more ethical approach that considers social justice and promotes the transformation 
of institutions.

As the case of Lonquimay illustrates, reducing Indigenous Peoples’ vulnerability requires trans-
forming the context in which climate change impacts occur. This implies a review of the activities 
that have forged the relationship with the territory, reforming the policy tailored to Indigenous 
Peoples and opening spaces for equal and effective participation. To achieve these objectives, it is 
necessary to strengthen intercultural competencies and inter-sectoral state coordination, facilitat-
ing the effective recognition of Indigenous Peoples’ knowledge systems. These efforts must be 
based on the respect of Indigenous Peoples’ rights, ensuring collaboration with communities to 
meet their goals.

Acknowledgements

Thank you very much to all the participants in this research, especially the Pehuenche families and 
leaders. Many thanks to Victoria Reyes-García, the LICCI team, and the reviewers of this chapter.

References
Alimonda, H. (2016). Notas sobre la ecología política latinoamericana: Arraigo, herencias, diálogos. Ecología 

Política, 51, 36–42.
Aninat, I., & Hernando, A. (2019). Mapeando el laberinto de la política pública indígena en Chile. Estudios 

Públicos, 153, 7–56.
ARClim. (2020). Atlas teh riesgos climáticos. https://arclim.mma.gob.cl
Aylwin, J., Yáñez, N., & Sánchez, R. (2013). Pueblo Mapuche y Recursos Forestales en Chile: Devas-

tación y Conservación en un contexto de Globalización económica. Observatorio Ciudadano – IWGIA, 
Copenhagen.

Bankoff, G. (1999). The politics of natural disasters in the Philippines, 1985–95. The Pacific Review, 12(3), 
381–420.

Bauer, K. (2018). Not-so-neoliberal governance: Chile’s response to Mapuche territorial demands. Latin 
American and Caribbean Ethnic Studies, 13(3), 214–236. https://doi.org/10.1080/17442222.2018.1457007

Belfer, E., Ford, J. D., & Maillet, M. (2017). Representation of Indigenous peoples in climate change report-
ing. Climatic Change, 145(1–2), 57–70. https://doi.org/10.1007/s10584-017-2076-z

Bengoa, J. (1985). Historia del pueblo mapuche (Siglo XIX y XX). Ediciones Sur, Santiago.
Bengoa, J. (1992). Quinquén. Cien años de historia pehuenche. Ediciones Chile América CESOC, Santiago.
Callison, C. (2017). Climate change communication and indigenous publics. In M. Nisbet, S. Ho, E. Markow-

itz, S. O’Neill, M. Schäfer, & J. Thaker (Eds.), The Oxford Encyclopedia of Climate Change Communica-
tion (pp. 1–26). Oxford University Press. https://oxfordre.com/view/10.1093/acrefore/9780190228620. 
001.0001/acrefore-9780190228620-e-411

https://arclim.mma.gob.cl
https://doi.org/10.1080/17442222.2018.1457007
https://doi.org/10.1007/s10584-017-2076-z
https://oxfordre.com
https://oxfordre.com


Colonial roots of climate vulnerability

207

Carmona, R. (2015). Rukas en la ciudad. Cultura y participación política Mapuche en la región Metropolitana. 
Antropologías Del Sur, 2(4), 67–87.

Carmona, R. (2022). Resilience requires change: Assessing pehuenche responses to climate change impacts in 
Southern Chile. Environmental Justice. Ahead of Print. https://doi.org/10.1089/env.2021.0044

Carmona, R., Carril, F., & Yon, R. (2021). Pueblos indígenas y gobernanza del cambio climático en Chile. 
Algunas consideraciones para su efectiva participación (p. 19). CIIR. http://www.ciir.cl/ciir/wp-content/
uploads/2021/11/policy-paper-cambio-clima%CC%81tico-final.pdf

Comisión de Verdad Histórica y Nuevo Trato. (2008). Informe de la Comisión de Verdad Histórica y Nuevo 
Trato con los Pueblos Indígenas. Gobierno de Chile: Comisión de Verdad Histórica y Nuevo Trato.

Dietz, K., & Wehrmann, D. (2016). Vulnerability. InterAmerican Wiki: Terms – Concepts – Critical Perspec-
tive. www.uni-bielefeld.de/cias/wiki/v_Vulnerability.html

Garreaud, R., Alvarez-Garreton, C., Barichivich, J., Boisier, J., Christie, D., Galleguillos, M., LeQuesne, C., 
McPhee, J., & Zambrano-Bigiarini, M. (2017). The 2010–2015 megadrought in central Chile: Impacts on 
regional hydroclimate and vegetation. Hydrology and Earth System Sciences, 21, 6307–6327.

Global Witness. (2021). Last line of defence. Global Witness. https://www.globalwitness.org/en/campaigns/
environmental-activists/last-line-defence/

Gram-Hanssen, I., Schafenacker, N., & Bentz, J. (2021). Decolonizing transformations through ‘right rela-
tions’. Sustainability Science. https://doi.org/10.1007/s11625-021-00960-9

Heilmayr, R., Echeverría, C., & Lambin, E. (2020). Impacts of Chilean forest subsidies on forest cover, car-
bon and biodiversity. Nature Sustainability, 3, 701–709.

Hirsch, E. (2024). “Not like it used to be”: contending with the altered agricultural calendar in Andean Peru’s 
Colca Valley. In V. Reyes-García, S. Álvarez-Fernández, P. Benyei, L. Calvet-Mir, D. García-del-Amo, 
A. B. Junqueira, X. Li, V. Porcher, A. Porcuna-Ferrer, A. Schlingmann, & R. Soleymani (Eds.), Routledge 
Handbook of Climate Change Impacts on Indigenous Peoples and Local Communities. Oxfordshire & 
New York: Routledge. Chp 11, pp 179–195.

Humphreys Bebbington, D. (2013). Extraction, inequality and indigenous peoples: Insights from Bolivia. 
Environmental Science & Policy, 33, 438–446.

INE. (2017). Censo. Gobierno de Chile: INE.
INFOR. (2021). Anuario Forestal 2020. Instituto Forestal. https://www.infor.cl/index.php/destacados- 

home/732-anuario-forestal-2020-boletin-n-163
IPCC. (2022). Climate Change 2022: Impacts, Adaptation, and Vulnerability. Contribution of Working Group 

II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. In H.-O. Pört-
ner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. 
Löschke, V. Möller, A. Okem, & B. Rama (Eds.), Cambridge University Press, Cambridge, and New York.

Klubock, T. M. (2014). La Frontera. Forests and Ecological Conflict in Chile’s Frontier Territory. Duke 
University Press, Durham.

Kronik, J., & Verner, D. (2010). Indigenous Peoples and Climate Change in Latin America and the Carib-
bean. The International Bank for Reconstruction and Development/The World Bank, Washington DC.

Marchant, C. (2011). Factores que afectan la sustentabilidad de las comunas de montaña. El caso de la co-
muna de Lonquimay, Región de la Araucanía, Chile. Revista de Historia y Geografía, 25, 55–73.

Merino, R. (2018). Re-politicizing participation or reframing environmental governance? Beyond indigenous’ 
prior consultation and citizen participation. World Development, 111, 75–83. https://doi.org/10.1016/j.
worlddev.2018.06.025

Middleton, B. (2015). Jahát Jatítotòdom: Toward an Indigenous Political Ecology. In R. L. Bryant (Ed.), The 
International Handbook of Political Ecology (pp. 561–576). Edward Elgar Publishing, Cheltenham and 
Northampton, MA.

MIDESO. (2017). Encuesta de Caracterización Socioeconómica Nacional CASEN. Gobierno de Chile: Min-
isterior de Desarrollo Social.

Millaleo, S. (2020). El Acuerdo de París sobre cambio climático y el proyecto de la ley marco en Chile: Entre 
el protagonismo y la denegación de los pueblos indígenas. Anuario de Derechos Humanos, Número espe-
cial, 141–153. https://anuariocdh.uchile.cl/index.php/ADH/article/view/60299

Millaman Reinao, R. (2008). The Mapuche and climate change in the Chilean Neoliberal Economic System. 
Indigenous Affairs, 1–2(8), 66–71.

MINAGRI, CONAF, GEDEFF, & UCCSA. (2016). Estrategia Nacional de Cambio Climático y Recursos 
Vegetacionales 2017-2025 Chile. Ministerio de Agricultura (MINAGRI), Corporación Nacional Forestal 

https://doi.org/10.1089/env.2021.0044
http://www.ciir.cl
http://www.ciir.cl
http://www.uni-bielefeld.de
https://www.globalwitness.org
https://www.globalwitness.org
https://doi.org/10.1007/s11625-021-00960-9
https://www.infor.cl
https://www.infor.cl
https://doi.org/10.1016/j.worlddev.2018.06.025
https://doi.org/10.1016/j.worlddev.2018.06.025
https://anuariocdh.uchile.cl


Rosario Carmona

208

(CONAF) Gerencia de Desarrollo y Fomento Forestal (GEDEFF), Unidad de Cambio Climático y Servi-
cios Ambientales (UCCSA). http://portal.mma.gob.cl/wp-content/doc/ENCCRV-2017-2025-web.pdf

MMA. (2013). Plan de adaptación al cambio climático del sector silvoagropecuario. Ministerio de Medio 
Ambiente, Santiago.

Mohanty, C. (2008). Bajo los ojos de Occidente. Saber académico y discursos coloniale. In S. Mezzadra (Ed.), 
Estudios postcoloniales. Ensayos fundamentales (pp. 69–102). Traficantes de sueños, Madrid.

Mondaca, E. (2013). La re-existencia Mapuche frente al extractivismo forestal en un contexto de neoliberal-
ismo armado. In G. C. Delgado (Ed.), Ecología política del extractivismo en América Latina: Casos de 
resistencia y justicia socio-ambiental (pp. 19–41). CLACSO, Buenos Aires.

O’Brien, K. (2012). Global environmental change II: From adaptation to deliberate transformation. Progress 
in Human Geography, 36(5), 667–676. https://doi.org/10.1177/0309132511425767

O’Brien, K., Eriksen, S., Nygaard, L. P., & Schjolden, A. (2007). Why different interpretations of vulnerabil-
ity matter in climate change discourses. Climate Policy, 7(1), 73–88.

Otero, L. (2006). La huella del fuego. Historia de los bosques nativos. Poblamiento y cambios en el apisaje 
en el sur de Chile. Pehuén, Santiago.

Parsons, M., & Nalau, J. (2016). Historical analogies as tools in understanding transformation. Global Envi-
ronmental Change, 38, 82–96. https://doi.org/10.1016/j.gloenvcha.2016.01.010

Redvers, N., Celidwen, Y., Schultz, C., Horn, O., Githaiga, C., Vera, M., Perdrisat, M., Mad Plume, L., 
Kobei, D., Kain, M. C., Poelina, A., Rojas, J. N., & Blondin, B. (2022). The determinants of planetary 
health: An indigenous consensus perspective. The Lancet Planetary Health, 6(2), e156–e163. https://doi.
org/10.1016/S2542-5196(21)00354-5

Reyes-García, V., Álvarez-Fernández, S., Benyei, P., García-del-Amo, D., Junqueira, A. B., Labeyrie, V., Li, 
X., Porcher, V., Porcuna-Ferrer, A., Schlingmann, A., & Soleymani, R. (2023). Local indicators of cli-
mate change impacts described by indigenous peoples and local communities: Study protocol. PLoS One, 
18(1), e0279847. https://doi.org/10.1371/journal.pone.0279847

Schlosberg, D., & Carruthers, D. (2010). Indigenous struggles, environmental justice, and community capa-
bilities. Global Environmental Politics, 10(4), 12–35.

Treulen, K. (2008). Análisis sobre el impacto de los cambios climáticos en las mujeres mapuche de la región 
Araucania, Chile. In A. Ulloa, E. Escobar, L. Donato, & P. Escobar (Eds.), Mujeres indígenas y cambio 
climático. Perspectivas latinoamericanas (pp. 71–82). UNAL-Fundación Natura de Colombia-UNODC, 
Bogota.

Ulloa, A. (2017a). Dinámicas ambientales y extractivas en el siglo XXI: ¿es la época del Antropoceno o del 
Capitaloceno en Latinoamérica? Desacatos. Revista de Ciencias Sociales, 54, 58–73.

Ulloa, A. (2017b). The geopolitics of carbonized nature and the zero carbon citizen. South Atlantic Quarterly, 
116(1), 111–120.

Valdivieso, D. (2021). Confeccionando Territorios. Cuadernos de antropología social, 54. https://doi.
org/10.34096/cas.i54.8259

Whyte, K. (2021). Against crisis epistemology. In B. Hokowhitu, A. Moreton-Robinson, L. Tuhiwai-Smith, 
L. Larkin, & C. Andersen (Eds.), Routledge Handbook of Critical Indigenous Studies (pp. 52–64). Rout-
ledge, New York.

http://portal.mma.gob.cl
https://doi.org/10.1177/0309132511425767
https://doi.org/10.1016/j.gloenvcha.2016.01.010
https://doi.org/10.1016/S2542-5196(21)00354-5
https://doi.org/10.1016/S2542-5196(21)00354-5
https://doi.org/10.1371/journal.pone.0279847
https://doi.org/10.34096/cas.i54.8259
https://doi.org/10.34096/cas.i54.8259


PART II

Adapting to climate change impacts  
in the context of global change



https://taylorandfrancis.com


	 211� DOI: 10.4324/9781003356837-17

As illustrated in the first section of this book, Indigenous Peoples and local communities who rely 
directly on the environment for their livelihoods are increasingly experiencing climate change and 
its impacts, often within a broader context of socio-economic, political, and cultural transitions 
(see also Enso et al., 2019; Nyantakyi-Frimpong & Bezner-Kerr, 2015).

With global greenhouse gas emissions on a continuous upwards trend (Höhne et al., 2021; Liu 
& Raftery, 2021; Rogelj et al., 2016), climate change impacts are expected to increase in both in-
tensity and damage potential (IPCC, 2021). This reality underscores the imperative of adapting to 
changing climate conditions as a last resort of social-ecological systems, as emphasized by Pielke 
et al. (2007). Simultaneously, it raises concerns regarding sustainability, social justice, and the 
enduring effectiveness of adaptive measures, as discussed by Adger & Barnett (2009). Through 
adaptation socio-ecological systems adjust “to actual or expected climate and its effects, in order 
to moderate harm or exploit beneficial opportunities” (IPCC, 2022) and is achieved by reducing 
vulnerability (Burton et al., 2002; Leary, 1999; Smit & Pilifosova, 2000; Smit et al., 2000) and 
building adaptive capacity (Adger et al., 2005).

In this section, we provide an introduction to key concepts and frameworks related to adapta-
tion that are crucial for understanding local responses to climate change among Indigenous Peo-
ples and local communities. Following this, we provide an overview of the chapters in the second 
section of the book, by contextualising these chapters within the introduced framework and high-
lighting the interrelations among them.

The vulnerability and resilience of Indigenous Peoples and local communities

Vulnerability refers to the likelihood of adverse effects and is determined by a combination of 
exposure to harm, sensitivity to harm, resilience, and adaptive capacity of systems, institutions, 
and individuals (Berkes, 2007; IPCC, 2022). In general, social-ecological systems are consid-
ered resilient when they possess the ability to absorb and cope with hazardous events, trends, or 
disturbances, such as natural disasters, by responding or reorganising in ways that maintain their 
essential function, identity, and structure (Berkes, 2007; IPCC, 2022). The relationship among 
vulnerability, resilience, and adaptive capacity - all of which are socially constructed - suggests 
that exposure to climate harm is not the sole determinant of the ensuing damage (Ford et al. 2020).  
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It is therefore crucial to critically question approaches that solely focus on the exposure to climate 
events as the cause for loss and damage without considering the underlying social and political-
economic origins of crises (Ribot, 2022). The pre-existing vulnerabilities and precarities on the 
ground, including issues of undermined sovereignty, power, and social justice rooted in colonial 
history and exploitative international systems, ultimately define who is most affected by climate 
hazards (Lahsen & Ribot, 2022). Indigenous Peoples and local communities are often identified 
as “at-risk” and as the most vulnerable populations (Lahsen & Ribot, 2022). However, evidence 
suggests that Indigenous Peoples and local communities can be both vulnerable and resilient to 
climate change, as Indigenous and local knowledge, place attachment, traditional institutions, and 
collective action contribute to their adaptive capacity, thereby proving to be important tools for 
adaptation (Ford et al., 2020).

Incremental and transformational adaptation

Discussions on coping, incremental, and transformational adaptation are critical when examining 
how Indigenous Peoples and local communities are responding to climate change and its impacts. 
In fact, with water and food security seriously threatened, traditional livelihoods challenged, and 
lives at risk, these communities have already diversified their adaptation strategies to deal with new 
climatic conditions around the world (Petzold et al., 2020; Schlingmann et al., 2021; Shaffril et al., 
2020). While some of these responses tend to focus on reactive, spontaneous, and rather short-term 
coping strategies in the face of emergencies, many imply smaller adjustments in the livelihood 
systems, known as incremental adaptation. However, a few responses refer to transformational, 
that is, large-scale and system-wide, adaptation (Fedele et al., 2020; Mapfumo et al., 2017; Zant 
et al., under review). According to the IPCC (2022), coping refers to “the use of available skills, 
resources and opportunities to address, manage and overcome adverse conditions […] in the short 
to medium term”. Differently, incremental adaptation is typically more anticipatory and seeks to 
build stronger resilience by accommodating smaller-scale changes in the system, but without al-
tering its original functions and trajectory (Kates et al., 2012). In the light of exacerbating climate 
trends, coping and incremental adaptation responses are increasingly being considered insufficient 
to efficiently deal with climate change, particularly because they fail to address the root causes of 
climate change impacts and vulnerabilities (Kates et al., 2012; O’Brien, 2012; Ribot, 2014). As a 
result, there is growing emphasis on the need of transformational adaptation, which involves fun-
damentally altering the entire system’s ecological, social and economic properties and functions, 
to tackle the root causes of vulnerability. The difference to incremental adaptation lies in the scale 
and scope of change (Termeer et al., 2017). Transformational adaptation involves changes that 
are large in magnitude, new to a particular system or location, and have the potential to transform 
places, shift locations, and bring fundamental changes to a system (Fedele, 2019; Feola, 2015; 
Kates et al., 2012; O’Brien, 2012; Park et al., 2012; Walker et al., 2004). It is often characterised 
as a restructuring, path-shifting, innovative, multiscale, system-wide, and persistent process (Fed-
ele, 2019). Transformational adaptation is frequently associated with the goal of achieving higher 
sustainability (Olsson et al., 2014, 2017).

Adaptation in a sustainable context

The first section of the book exemplifies how Indigenous Peoples and local communities are ex-
posed to multiple drivers that shape their lives and livelihoods. In addition to the impacts of climate 
change, such impacts include socio-economic transitions arising from technological innovations  
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and globalisation, such as extractivism, (e.g., Carmona, 2024; Izquierdo & Schlingmann, 2024; 
Stratoudakis et  al., 2024). Similar evidence is presented elsewhere (e.g., Bennet et  al., 2016; 
Dhakal & Kattel, 2019). Therefore, communities are simultaneously affected by, and adapting to, 
new environmental, political, socio-economic, technological, and cultural conditions (e.g., Mc-
Dowell & Hess, 2012). While adaptive responses can have multiple benefits for several drivers, 
there is also evidence that responding to one driver may conflict with adapting to other drivers, 
thus potentially attenuating or limiting overall positive effects (Bennet et al., 2016; Dhakal & Kat-
tel, 2019; Galappaththi & Schlingmann, 2023).

It is therefore important to acknowledge that not all responses to climate change impacts are 
successful in achieving their intended goals in an effective and sustainable manner. Some re-
sponses hardly address underlying vulnerability (Adger et al., 2005), or come with certain trade-
offs that can increase or redistribute vulnerability, or even exacerbate the risks of maladaptive 
outcomes (Atteridge & Remling, 2018; Galappaththi & Schlingmann, 2023; Magnan et al., 2016; 
Schipper, 2020). Analysing trade-offs and potential negative, unintended side effects is essential to 
detect and avoid maladaptation. Barnett and O’Neill (2010) describe five types of maladaptation, 
including actions that result in increasing greenhouse gas emissions, disproportionately burden the 
most vulnerable, include high opportunity costs, reduce incentives to adapt, and create path de-
pendency. In contrast, Juhola et al. (2016) suggest three forms of maladaptation: measures that re-
bound vulnerability, shift vulnerability (i.e., transferring the negative effects to others), and erode 
sustainable development. Due to the many facets of maladaptation, defining successful adaptation 
requires looking beyond spatial and temporal scales. For example, maladaptation can reinforce 
existing inequalities by providing benefits for some and negative externalities and spillovers for 
others (Adger et al., 2005). Moreover, what appears successful today may be unsustainable in the 
long-term, affecting future generations (Adger et al., 2005; Magnan et al., 2016).

Several authors have emphasised the need to evaluate adaptation to climate change in a sustain-
ability context by connecting climate actions with the Sustainable Development Goals and analys-
ing adaptation success based on environmental, social, cultural, and financial criteria (e.g., Folke 
et al., 2016; Fuso Nerini et al., 2019). Sustainable adaptation combines principles of environmen-
tal integrity with social justice (Eriksen et al., 2011), defining adaptation success under equity and 
legitimacy aspects (Adger et al., 2005; Singh et al., 2022). Based on a literature review, Owen 
(2020) identifies five types of indicators of adaptation effectiveness, including reduced risk and 
vulnerability, enhanced social wellbeing, improved environment, increased economic resources, 
and strengthened institutions.

The feasibility of local adaptation: understanding barriers and limits

Successful adaptation, however, is not solely dependent on the sustainability of its outcomes, but 
also depends on the feasibility of adaptation options (Singh et al., 2020). Adaptation feasibility 
is directly linked to the adaptive capacity of the system in question, which is determined by the 
persistence of supporting or enabling factors and conditions (i.e., adaptation opportunities), com-
pounding factors and conditions (i.e., adaptation barriers or constraints), and impeding factors 
and conditions, such as adaptation limits (Klein et al., 2014). While adaptation constraints make 
adaptation planning and implementation more challenging, less effective and efficient, and more 
expensive, adaptation limits imply that adaptation is not possible under current conditions, result-
ing in catastrophic and intolerable climate risks (Dow et al., 2013; Klein et al., 2014; Moser &  
Ekstrom, 2010). Since 2010, an increasing amount of research has assessed adaptation barriers, 
with studies on adaptation limits still being rare (Biesbroek et al., 2013; Thomas et al., 2021). 
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Since climate change adaptation occurs in a broader political context, its feasibility not only de-
pends on bio-physical, including climatic, factors, but is also determined by many socio-economic 
factors and the interactions between them (Bezner Kerr et al., 2022; Singh et al., 2020; Thomas 
et al., 2021).

The sustainable livelihood approach defines five categories that determine the adaptive capac-
ity of a system: financial, physical, social, human, and environmental capitals (Morse et al., 2013). 
Specifically, existing political and economic structures, power dynamics, and inequalities influ-
ence the adaptive capacity of a system by providing, hindering, or limiting access to resources, 
such as secured land (Bezner Kerr et al., 2022). In an evidence-based review on the feasibility 
of adaptation options across Africa, Williams et al. (2021) detect technological and institutional 
factors as major barriers to adaptation. In an older case study conducted in Ethiopia, the most 
common barriers were lack of information, money, and shortage of labour (Deressa et al., 2009). 
Similarly, a case study in Nepal shows that education, access to credit and extension services, ex-
perience with, information on, and belief in climate change impacts, influence adaptation decision-
making (Khanal et al., 2018). Other studies support the importance of institutional organisation, 
stakeholder engagement, and the general support for adaptation by community members (Ford & 
King, 2015; Naess, 2013). Required resources and costs, for example, financial means, time, and 
political will are especially high for transformational adaptation (Chung Tiam Fook, 2017; Kates 
et al., 2012; Pelling et al., 2015; Rickards & Howden, 2012).

Also, the importance of culture, values, and worldviews, including Indigenous and local knowl-
edge and place attachment, for shaping the perception of climate risks, adaptive responses, and 
outcomes have been the subject of an increasing number of studies (Adger et al., 2013; Clarke 
et  al., 2018; Heyd & Brooks, 2009; McNeeley & Lazrus, 2014; O’Brien, 2009). According to 
Adger et al. (2009) and Nielsen and Reenberg (2010) ethics and values, knowledge, risk percep-
tion, and culture can constitute endogenous social barriers and limits to adaptation within a soci-
ety; however, since they are socially constructed, they are in many cases mutable and also depend 
on the adaptation goals. Similarly, Few et al. (2021) highlight that research and policy need to 
move away from understanding culture as static and in a simplified way as either adaptation ena-
bler or barrier of climate change adaptation.

Therefore, to facilitate and enable future adaptation, especially at the local scale, it is crucial 
to better understand and overcome existing and contextualised adaptation barriers and limits (Ei-
senack et al., 2014; Thomas et al., 2021).

Paradigm shift towards bottom-up approaches for climate change adaptation

Within the context of climate justice and in response to questions about who can implement ad-
aptation measures and who benefits most, there is a growing recognition of the need for intersec-
tional approaches. These approaches take into account factors such as gender, class, origin, and 
ethnicity to understand how they intersect in relation to adaptation choice, feasibility, and success 
(Kaijser & Kronsell, 2014; Ravera et al., 2016a; Thompson-Hall et al., 2016). Such studies call for 
more nuanced assessments and perspectives at the local level, both in research and development 
policies and applied projects (Ravera et al., 2016b).

Similarly, recent studies have called for a paradigm shift in climate change assessment and ad-
aptation, moving from top-down towards bottom-up approaches that promote greater participation, 
inclusion, sovereignty, and governance by Indigenous Peoples and local communities in decision-
making, climate negotiation, and adaptation planning (Conway et al., 2019). Climate change ad-
aptation literature generally distinguishes between autonomous and planned adaptation. Although 
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distinctions are not always clear (Eisenack & Stecker, 2012), autonomous adaptation are generally 
responses to experienced climate change and its impacts without planning (Füssel, 2007; IPCC, 
2021) and initiated by private actors, such as individuals, households, or communities (e.g., Fen-
ton et al., 2017; Mersha & van Laerhoven, 2018), while planned adaptation are intentional inter-
vention strategies that are prepared based on information and implemented by public agents, such 
as regional and national governments (Füssel, 2007; IPCC, 2021; Smit & Pilifosova, 2001). Typi-
cal examples of planned adaptation are countries’ National Adaptation Plans (NAP) (Woodruff &  
Regan, 2019). Recognising that top-down approaches to planned adaptation often fail due to low 
acceptance by local communities, especially when they are not aligned with Indigenous and local 
worldviews (Luetz & Nunn, 2020), the concept of community-based adaptation has gained traction 
in both research and policies (McNamara & Buggy, 2017). Community-based adaptation is a local, 
community-driven adaptation approach that focuses on empowering and promoting the adaptive ca-
pacity of communities. It takes into account the context, culture, knowledge, agency, and preferences 
of communities as strengths (IPCC, 2022). However, community-based adaptation also comes with 
challenges and barriers, and requires critical reflection to avoid maladaptation (Ford et al., 2016; 
Forsyth, 2013; McNamara & Buggy, 2017). Lack of coordination between different stakeholders, 
culture and tradition, and lack of access to financial resources are particularly pervasive barriers 
(Piggott-McKellar et  al., 2019; Spires et  al., 2014). In addition to community-based adaptation, 
adaptive co-management has been promoted as a promising adaptation option (Galappaththi et al., 
2022; Olsson et al., 2004). Co-management involves increasing stakeholder participation through 
co-producing knowledge and sharing decision-making between government and other stakeholders, 
such as local communities, the private sector, and non-governmental organisations, thereby strength-
ening legitimacy (Armitage et al., 2011; Bown et al., 2013; Carlsson & Berkes, 2005; d’Armengol 
et al., 2018). Adaptive co-management adds the concept of adaptive management, and builds on key 
elements, such as diversity, resilience, and learning-by-doing (Bown et al., 2013).

In addition to the general need for bottom-up and integrative approaches in climate change 
adaptation, such as community-based adaptation (Singh et al., 2022) and adaptive co-management 
(Galappaththi et  al., 2022; Olsson et  al., 2004), the inclusion of Indigenous Peoples and their 
knowledge into decision-making and adaptation planning and supporting communities’ autonomy 
are key components for successful, effective, and sustainable adaptation (Eriksen et  al., 2011; 
Klenk et al., 2017; Magni, 2017; Pisor et al., 2022; Yap & Watene, 2019). Many studies have dem-
onstrated the value of Indigenous and local knowledge for successful climate change adaptation 
(e.g., Leal Filho et al., 2022; Lebel, 2013; Nyong et al., 2007; Rivera-Ferre et al., 2021). However, 
Indigenous and local knowledge are eroding and weakening in many parts of the world, leading to 
the loss of these untapped potentials (Fernández-Llamazares et al., 2021).

The aim of the second section of the book is to increase awareness and acknowledgement of 
valuable knowledge held by Indigenous Peoples and local communities on climate change adapta-
tion by showcasing multiple and diverse case studies from around the globe. With this compila-
tion, we hope to promote the recognition of Indigenous and local knowledge and inspire action 
in policy, research, and development projects to strengthen the preservation of such knowledge 
systems and give them a leading role in climate change adaptation.

Insights from the field

The empirical insights on climate change adaptation presented in this book are derived from di-
verse regions across the globe, including Africa, Asia, Central and South America, North America, 
and Europe. The case studies cover a wide range of geographic contexts, environmental conditions, 
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and livelihoods. For instance, the case studies involve adaptive responses of farmers from differ-
ent geographic settings, including in mountainous regions with boreal climate (Tyrol, Austria) and 
with temperate climate (Central Kenya), in tropical lowlands (Kédougou region, Senegal; North-
ern Region, Ghana; Ogun State, Nigeria), in dry lowlands (Chiredzi district, Zimbabwe), and in 
high plains with polar climate (Yunnan, China). The book also includes cases studies of nomadic 
pastoralists in high plains but dry climate (Inner Mongolia, China), agropastoralists in desert land-
scapes (Kerman province, Iran), and farming and fishing communities living on the tropical island 
Viti Levu (Ba Province, Fiji), and hunting and fishing communities settled at the coastal areas in 
polar climates in the far north of the globe (Nunavut, Canada, and Avannaata, Greenland).

The heterogeneity of case studies and geographic locations is reflected in a high diversity of 
local adaptation strategies and a broad scope of applied theoretical frameworks. The chapters in-
terlink different approaches discussed above, giving richness and showing the complexity found 
in the field. For example, several authors discuss the adaptive capacity of Indigenous Peoples and 
local communities in a multiple-driver framework, also looking at the intersectionality between 
different socio-economic factors and recommending co-managed adaptation to achieve successful 
adaptation. This sectional introduction outlines the contribution of the different chapters.

Chapters in this section illustrate how Indigenous Peoples and local communities use their 
knowledge systems, sometimes in combination with external knowledge systems, to increase their 
resilience and adaptive capacities, and reduce vulnerabilities in the face of climate change impacts. 
Several chapters focus on coping and incremental adaptation strategies within their livelihood sys-
tems, although certain transformational adaptations, such as switching to alternative livelihoods 
and migration to other places are also reported. For example, a study by Chakauya et al. (2024) 
in South-East Zimbabwe describes how farmers use their Indigenous and local knowledge to in-
crementally adapt to decreasing yields resulting from more frequent droughts, longer dry spells, 
and higher crop infestations, and to impacts on livestock caused by decreasing grazing pasture. 
For example, farmers use Indigenous knowledge to select plant species to treat crop pests and 
livestock diseases, harvest wild fruits as alternative food resources, and apply several techniques 
of conservation agriculture. Farmers reported using modern methods, too, such as chemical pes-
ticides or modern crop varieties, although they note that these methods are not always effective. 
Besides incremental adaptations, there were few coping strategies in place, such as the dependence 
on food aid from donors and governmental assistance, and transformational adaptation, such as 
switching to non-farming practices, for example selling firewood and making bricks. The authors 
conclude that a full toolbox of climate adaptation strategies, based on Indigenous, local, and tech-
nical knowledge needs to be deployed for farmers to be resilient to climate change.

In a very different context, the study by Fuchs et al. (2024) illustrates how alpine farmers in 
Tyrol, Austria, respond to climate change impacts mainly by technical and management-related 
incremental adaptation measures and, to a lesser extent, through transformational adaptation at the 
community level. The incremental adaptation measures range from changes in the management of 
water, soils, feed, and pastures, and respond to increasing droughts, decreasing pasture productiv-
ity, and shifts of seasons. Transformational adaptation strategies involve abandoning farming and 
converting to other agricultural production sectors, but also adopting measures to support livestock 
farming, especially to improve the management of alpine pastures and grassland and strengthen 
community management and resource sharing. The authors highlight that those transformational 
responses are not driven solely by climate change but also by other socio-economic changes.

The topic of multiple drivers for adaptation is further deepened in a study conducted by Porcuna- 
Ferrer et  al. (2024) on changes in local agricultural management practices by Bassari farming 
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communities in southeast Senegal and in the study by Jungsberg and Wendt-Lucas (2024) on an 
Inughuit community in North Greenland. Interestingly, both chapters address the topic of multiple 
drivers from a slightly different perspective. Porcuna-Ferrer et al. (2024) examine how multiple 
drivers undermine the sustainability of response outcomes by detecting trade-offs between envi-
ronmental, social, and economic dimensions. In particular, by switching to new crops and crop va-
rieties, and changing seed and soil management practices, Bassari farmers in Senegal do not only 
respond to climate change impacts (for example, unpredictable rainfall and shorter rainy seasons, 
pest manifestations in crops and seeds) but also to socio-economic and cultural stressors, such as 
higher market integration, external influences of non-governmental organisations and extension 
services, rural-urban migration, and a decrease in cultural and traditional values, knowledge, and 
customs. The study shows that being exposed and responding to multiple stressors often imply 
trade-offs among conflicting interests, thereby undermining the sustainability of the outcomes and 
increasing the risk of maladaptive outcomes. For example, the study reveals how switching to irri-
gated horticulture responds to economic drivers, especially the need to cover rising costs of living 
by increasing market integration and providing additional income opportunities. At the same time, 
the demand for additional water for irrigation counteracts observed climatic trends towards de-
creasing and more unreliable rainfall patterns. Similarly, the study by Jungsberg and Wendt-Lucas 
(2024) shows the trade-offs of certain adaptive measures. For instance, switching to halibut sales 
and work in the tourism sector strengthen market dependence and make the local population of 
Qaanaaq more vulnerable to external factors. The same study illustrates how climate change and 
socio-economic processes interact and reinforce adverse impacts. Specifically, “cheap and fast” 
housing constructions in the 1960s and 1970s increases the extent of current house damages deriv-
ing from thawing permafrost and forcing community members to regularly fix them. 

The chapters by Abazeri (2024), Mwangi et al. (2024), Chen (2024), and Chao et al. (2024) 
shed light on the different aspects of the cultural dimensions of adaptation, emphasising the impor-
tance of Indigenous and local knowledge, including tradition, spirituality, context-specific values, 
and worldviews. These elements are crucial in turning responses to climate change into success-
ful, efficient, and sustainable adaptation. Through their various approaches and focuses, the four 
chapters reveal the complex, diverse, and interconnected role of culture in the adaptive process. 
Abazeri’s study (2024), based on research in the district of Kerman in Iran, emphasises that using 
measures based on other societies may be misleading and undermine local priorities, cultural con-
texts, and social structures. For instance, the study found that local irrigation systems in the region 
were better suited to the community’s needs than modern irrigation systems, which were less ef-
ficient and more expensive. Therefore, the research suggests that effective measures for climate 
adaptation are more likely to emerge at the grassroots level.

Similarly, results from Mwangi et al. (2024) highlight the importance of considering local con-
texts and cultures when implementing adaptation actions. The study suggests that cultural dif-
ferences related to ethnicity and corresponding values and social cohesion play a significant role 
in shaping perceptions of climate change and adaptation strategies. For example, irrigation was 
found to be more widespread among the Meru than among the Kikuyu smallholder farmers in two 
mountains in central Kenya. Chen’s study (2024) delves into the complex relationship between 
external factors, namely land-use policy and local knowledge and traditions, and their impact on 
livelihood diversification among Tibetan people in Shangri-la county. This chapter highlights the 
importance of understanding the interplay between these factors in the context of climate change 
adaptation. The study sheds light on some positive outcomes resulting from governmental land-
use policies and road constructions, which have led to increased economic opportunities for the 
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local population. However, the research also reveals negative consequences associated with these 
developments, including the displacement of traditional farming practices and the loss of valu-
able ecological knowledge. The study emphasises the significance of taking a holistic approach 
to climate change adaptation that accounts for the complex social and environmental contexts in 
which it occurs. In contrast, Chao et al. (2024) focus on the crucial role of traditional practices 
in climate change adaptation, specifically through exploring the Inner Mongolian Ovoo offering 
ritual’s effectiveness in promoting sustainable behaviour and resilience building. The study found 
that the Ovoo offering ritual can promote sustainable practices, reinforce the Mongolian holistic 
worldview, bridge social capital, and enhance community’s cohesion and solidarity, all of which 
increase community’s resilience capacity. This study aligns with the other chapters in emphasising 
the importance of Indigenous and local knowledge in climate change adaptation and highlights the 
significance of spiritual rituals in promoting sustainable behaviour and climate change adaptation. 
The authors suggest that policymakers and researchers should pay more attention to the role of 
such traditional practices in promoting sustainable behaviour and resilience building. In line with 
the other chapters, the study also demonstrates the importance of Indigenous and local knowledge 
to climate change adaptation discourses and suggests that policymakers and researchers should 
pay more attention to the role of spiritual rituals in promoting sustainable behaviour and climate 
change adaptation.

The chapters by Attoh et al. (2024), Ayanlade et al. (2024), and Fuchs et al. (2024) describe 
how different barriers hinder the feasibility of incremental and transformational adaptation strate-
gies. Specifically, Dagbani Indigenous communities in northern Ghana need to adapt to increased 
livestock mortality and more frequent crop pests. However, the absence of financial means – the 
most prominent barrier – and the lack of governmental and non-governmental support hinder poor 
households from the implementation of adaptation measures, such as the acquisition of new crop 
varieties and chemicals, or livelihood diversification (Attoh et al., 2024). Similarly, in southwest-
ern Nigeria, where local farmers aim to respond to decreases in cassava yield, a lack of natural, 
physical, human, social, and financial capitals account for 70% of the reported adaptation barriers. 
Importantly, in this case study 41.1% of the farmers chose not to respond because they considered 
they face a low risk of climate change (Ayanlade et al., 2024).

Some authors use a gender or intersectional perspective to understand adaptation barriers in 
a more nuanced way, by looking at how gender (Abazeri, 2024; Ayanlade et al., 2024) and the 
interrelation between gender and income (Porcuna-Ferrer et al., 2024) influences response adop-
tion. Ayanlade et al. (2024), working with rural farmers in Nigeria, highlight that all adaptation 
practices found in the study area are performed by men and women, but a higher percentage of 
men are involved in all of them. The authors claim to recognize the adaptation capacities of both 
males and females to understand gender-based adaptation differences since climate change affects 
men and women differently. Evidence from a case study with Basari people in southeast Senegal 
shows that women from poor households confront additional adaptation barriers and trade-offs 
(e.g., lack of access to suitable land and wells, additional workload), and therefore are not able to 
implement certain adaptive measures, such as irrigated horticulture (Porcuna-Ferrer et al., 2024). 
Abazeri (2024), whose work focuses on women’s organised initiatives, suggests in her chapter 
that successful adaptation requires strengthening social processes and enabling women’s decision-
making in grassroots responses.

In the Austrian Alps, rural-urban migration results in underpopulated rural areas, causing a 
lack of labour forces and leading to abandoned and unmanaged land. Such demographic changes, 
and especially the lack of labour, hamper transformational adaptive processes, such as livelihood 
diversification and conversions towards other agricultural production forms (Fuchs et al., 2024). 
For Fuchs and colleagues (2024), overcoming the barriers to transformational adaptation entails 
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collaboration among farmers since local alliances and knowledge co-production, supported by 
external competence development, finances, and private sector involvement, is key for reaching 
successful transformational adaptation.

The five chapters with a focus on adaptation barriers highlight the necessity to implement 
context-specific adaptation measures that are co-produced between Indigenous People and local 
communities with other relevant institutions, such as non-governmental organisations or the local 
government. The authors of these chapters align to the framework of adaptive co-management, 
claiming for the inclusion of Indigenous and local knowledge into decision-making and adaptation 
planning, while supporting communities’ autonomy.

The chapters from Galappaththi (2024) and Singh et al. (2024) go deeper on the topics of co-
production of knowledge and adaptive co-management. They assess how co-produced adaptation 
between different actors at multiple scales and from different sectors (i.e., Indigenous Peoples and 
local communities, non-governmental organisations, regional and national governments and the 
private sector) can foster co-production of knowledge, food and nutrition security, and resource 
sharing, thereby supporting local adaptation to climate change by strengthening resilience. While 
Galappaththi (2024) focuses on co-management of fisheries between Inuit, government, and the 
private sector in the Canadian Arctic, Singh et al. (2024) analyse synergies, complementarities 
and gaps between autonomous adaptation in an iTaukei community in Fiji and planned adapta-
tion, as specified in the country’s National Adaptation Plan. Singh et al. (2024) found that locally 
implemented adaptation combines autonomous adaptation by iTaukei villagers (e.g., the applica-
tion of ashes and worms as natural pesticides), planned adaptations by the regional and national 
governments (e.g., evacuation strategy for natural disasters), and co-produced and multiscalar 
adaptation measures by different actors, including non-governmental organisations (e.g., river-
bank protection through reforestation and mangrove rehabilitation). Co-produced and multiscalar 
adaptation strategies and associated knowledge co-production are promising alternatives to solely 
autonomous or planned adaptation, but do not come without challenges. To make co-management 
successful and adaptive, Galappaththi (2024) points to five structural characteristics (i.e., part-
nerships; vertical and horizontal linkages; sharing of responsibility, authority, and power) and 
four functional characteristics (i.e., community consultations and knowledge integration for joint 
decision-making; continuous monitoring, evaluation, and learning). Singh et al. (2024) found that 
certain (key) adaptive practices and cultural values by iTaukei villagers, such as reciprocity and 
sharing practices, and livelihood diversification towards reduced dependencies on nature, are not 
sufficiently addressed and represented in Fiji’s National Adaptation Plan. To address this gap, the 
authors present various recommendations and requirements to improve knowledge co-production, 
such as consulting community representatives, developing sub-national adaptation plans, and fos-
tering adaptive co-management under improved coordination and/through clearly defined roles.

Conclusion

The chapters presented in this section provide only some exemples of the manifold and diverse 
ways in which Indigenous Peoples and local communities take action and respond to climate 
change impacts. We have seen how Indigenous Peoples and local communities use and further 
develop their knowledge systems to increase their adaptive capacity and resilience. For example, 
they use Indigenous plants to treat crop pests and livestock diseases, diversify their food sources 
by harvesting wild plants, switch target fish species, and change hunting routes to adopt their  
traditional livelihoods and practices to new climate conditions. Some also switch to off-farm work to 
reduce their direct dependency on nature, and thus their sensitivity to climate variability, often at the 
cost of leaving behind parts of their culture and tradition. Obviously, not all local responses to climate 
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change are feasible, fair, sustainable, and successful. For example, chapters in this section also sug-
gest that not all adaptation strategies are equally benefitting all community members, with women 
often forming the most disadvantaged group. Also many adaptation strategies come with certain 
trade-offs between ecological, social, and environmental dimensions, thereby undermining the sus-
tainability of their outcomes. Additionally, Indigenous Peoples and local communities face barriers 
for incremental and transformational adaptation, such as the lack of financial means and external sup-
port, unfavourable demographic changes resulting from rural-urban migration, and time constraints. 
At the same time, there are promising bottom-up approaches, such as co-production of knowledge 
and co-management, that bear the potential to overcome certain barriers by equally valuing different 
knowledge systems, and sharing responsibilities and resources. However, Indigenous Peoples and 
local communities are still not equally engaged or even having a leading role in adaptation planning 
and implementation, especially at the national level, for example, in the development, evaluation and 
improvements of countries’ National Adaptation Plans. As a way forward, and based on the insights 
from the chapters in this part, we conclude that climate change research and decision-making need to 
address climate change adaptation in a broader context of sustainability, feasibility, and justice. We 
need a paradigm shift towards greater recognition of the significance of Indigenous and local knowl-
edge, practices, and cultures for climate change adaptation. This would enable Indigenous Peoples 
and local communities to take a leadership role in climate negotiation, planning, and implementation.
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Introduction

Smallholder farmers around the world observe inter- and intra-seasonal climate variability and 
change (Reyes-García et al., 2019; Savo et al., 2016) and use this knowledge to organise their ag-
ricultural practices according to local environmental conditions, including climate, soil, and water 
(Altieri & Nicholls, 2017; Rivera-Ferre et al., 2021). This is also the case for smallholder farmers 
in West Africa, where episodic droughts have traditionally affected the agricultural rain-fed sys-
tems (Nyong et al., 2007), with scientific evidence predicting increasing risks of crop failures due 
to rising temperatures and changes in the monsoonal rainfall (Carr et al., 2022; Sultan & Gaetani, 
2016). At the same time, smallholder farmers also experience other environmental, socio-eco-
nomic, cultural, and political changes, including demographic changes and rural–urban migration, 
increasing integration into global markets, the expansion of infrastructure and technology, and off-
farm livelihood activities (Ensor et al., 2019). Moreover, this broad range of multi-scalar, multi-
temporal, and interacting stressors have differentiated impacts depending on the context-specific 
vulnerability of individuals and communities (Bennett et al., 2016; O’Brien et al., 2004). Con-
sequently, although research and policy have primarily addressed the impacts of specific stress-
ors, for example, adaptation to climate change or economic development (Bennett et al., 2016), 
focusing on only one stressor bears the risk of missing unexpected and negative feedbacks and 
trade-offs produced by other stressors, thereby undermining environmental, social or economic 
objectives, maintaining or even increasing vulnerability, and potentially leading to maladaptation 
(Antwi-Agyei et al., 2018; Barnett & O’Neill 2010; Eriksen et al., 2011).

While climate change research considering multiple stressors and their interactions is on the 
rise (Räsänen et al., 2016), our understanding of context-specific interactions, interferences, and 
consequences of responses to climatic and other stressors is still limited (Ensor et al., 2019). Im-
portantly, specific responses might have context- and group-specific impacts, for example, if the 
response favours some, but result in additional efforts, costs, or even negative outcomes for others 
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(Segnon et al., 2021). Eriksen et al. (2011) argue that assessing responses from a sustainability 
perspective entails considering the interdependencies between environmental, social, and eco-
nomic objectives to understand the vulnerability context in which adaptive responses are framed. 
Therefore, a thorough multi-stressor and multi-facet analysis that assess environmental, social, 
and economic implications of adaptation for different social groups is needed to anticipate trade-
offs, avoid maladaptation, and foster long-term adaptation.

In response to this need, here we examine smallholder farmers’ adaptive responses to multi-
ple stressors in the context of climate change. Our specific objectives are to explore (i) the main 
changes in local agricultural practices, (ii) the drivers of those changes (also named ‘stressors’), 
and (iii) associated costs, benefits, and trade-offs. In our analysis, we pay attention to the specific 
implications that changes in agricultural practices have for the different sustainability spheres 
(i.e., environmental, social, and economic) and social groups (i.e., across gender and wealth). 
Based on vulnerability and adaptation literature dealing with multiple stressors (e.g., McDowell & 
Hess, 2012; O’Brien et al., 2004; Tschakert, 2007) and intersectionality (Kaijser & Kronsell, 2014; 
Ravera et al., 2016a), our discussion enriches the debate on which of the changes in agricultural 
management practices, beyond bringing climate change resilience, also contribute to social justice, 
environmental integrity, and economically viable livelihoods (Eriksen et al., 2011).

The Bassari

We conducted research among the Bassari, located in the Kédougou region in south-eastern Sen-
egal (Figure 13.1). The region is characterised by low altitude (approx. 80–380 m a.s.l.), tropical 
dry or savanna climate, annual mean temperatures around 28°C, and a unimodal rainy season from 
May to September dominated by the West African monsoon system (ANACIM, 2020; Sultan & 
Janicot, 2003).

With a wetter climate than the northern regions, south-eastern Senegal was less affected by 
the Sahel droughts of the 1970s than most Senegalese regions. And although there are important 
interannual rainfall variations, historical trends show a partial recovery of the lack of precipitation 

Figure 13.1 � Map placing the study area within Senegal. The dark grey and the black polygons represent the 
department of Salemata and the commune of Ethiolo, respectively.
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from the 90s onwards. Nonetheless, future climate predictions for the West African region indicate 
a trend towards higher temperatures and shorter rainy seasons (Sultan & Gaetani, 2016).

Only 10% of the Bassari region’s surface is cultivated and the remaining area preserves large 
forests and bushlands that are home to many wild flora and fauna. However, population density, 
currently below 20 inhabitants/km2, is on the rise resulting in a gradual disappearance of forests 
and bushlands in favour of cultivated fields (UNESCO, 2011; Porcuna-Ferrer et al., 2023a). The 
Kédougou area hosts several ethnic minorities, among which we worked with Bassari.

Nowadays, the Bassari mostly rely on small-scale agriculture, which is highly dependent on 
the use of communal land and shared labour (Nolan, 1986). The importance of agriculture in 
Bassari life is reflected in the naming of the seasons (Figure 13.2). Agricultural activity is con-
centrated in the short rainy season. During the dry season, some women practice small-scale 
horticulture production (e.g., onions, tomatoes, salads, cabbages), while other Bassari engage in 
off-farm employment, including construction work, wage labour, art craft, tourism, and seasonal 
migration.

Bassari farming system is organised into four agroecological field types, cultivated with dif-
ferent crop species and managed distinctly (Table 13.1). On average, households cultivate a 
mean area of 2.1 ha (min: 0.4 ha; max: 9.5 ha). The typical cropping pattern of Bassari small-
holders is the rotation of cereals (sorghum, Sorghum bicolor; maize, Zea mays; fonio, Digitaria 
exilis) and legumes (peanut, Arachis hypogaea; Bambara groundnut, Vigna subterranea). In the 
plains, the Bassari also cultivate rice (Oryza sativa), which is not subject to crop rotation, and 

Figure 13.2 � Bassari agricultural seasonal calendar.
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Table 13.1  Local taxonomy of field types and the main crops and management practices associated

Field type 
(local name)

Description Cultivation season Main food crops Crop 
rotation

Fertilisation Irrigation

‘Oxenga’ Soils poor in organic matter 
(often shallow), mostly 
on hilly terrains

Rainy season 
(June–October)

Sorghum, peanut, 
Bambara groundnut, 
cotton, fonio (maize)

Yes Slash-and-burn, fallow system.
Few chemical inputs, mostly 

only in cotton

No irrigation, 
rain-fed

‘Eden’ Soils rich in organic matter 
with a fine texture, 
mostly located in the 
plains or valleys (‘bas-
fond’) and near the 
streams.

Rainy season 
(June–October)

Rice, maize No Mostly use of chemical inputs No irrigation, 
rain-fed

‘Eden’ Rainy season 
(June–October)

Tubercules: taro, yam No Mostly use of biological 
fertilisation – e.g. tree leaves 
and branches, and ashes 

No irrigation, 
rain-fed

‘Eden’ Dry season 
(November/
December–May)

Horticulture: tomato, 
salad, aubergine, 
carrot, onion, etc.

No Use of both, chemical and 
biological fertiliser (mostly 
NPK and/or cow dung) 

Irrigation, well 
water

‘Enam’ Soils surrounding the 
households, usually rich 
in organic matter

All year Maize, fruit trees, 
spices, vegetables

No Fertilised by the livestock kept 
in the household

No or only punctual 
irrigation
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small-scale horticulture. The main cash crop is cotton (Gossypium hirsutum), cultivated as part 
of a farming contract system (Porcuna-Ferrer et al., 2023b).

Research methods

Data were collected between November 2019 and March 2020, and benefited from the authors’ 
long presence in the community – 16 months in total, between 2019 and 2021 – and the support of 
four Bassari research assistants. Before starting data collection, we received ethical approval from 
the Autonomous University of Barcelona (CEEAH 4903) and obtained the permits to conduct the 
research from the relevant village authorities.

Sampling and data collection were conducted according to the criteria described in the Local In-
dicator of Climate Change Impact (LICCI) protocol (Reyes-García et al., 2023), summarised below.

Sampling

We worked in three villages in the Bassari country, with 109, 55, and 24 households, respectively. 
To select participants for semi-structured interviews, we used ‘quota sampling’ aiming at captur-
ing the diversity of knowledge across gender, age, and wealth. In total, we interviewed 34 men 
and 13 women from different households, the main social and economic structuring unit in the 
site. We have a lower sample of women because they were generally less available for interviews; 
10 participants were <40 years old, 17 were between 40 and 60 years old, and 20 were >60 years 
old. Household wealth was defined with the help of the research assistants and based on local con-
ceptions. Research assistants classed households into three groups taking into account herd size, 
polygamy, cultivated area, and possession of material assets: low resources (~40% of households), 
intermediate (~50% of households), and wealthy (~10% of households).

Data collection and analysis

To understand how multiple stressors affect the local agricultural system, we first asked inter-
viewees to describe changes in on-farm management practices that they have observed since their 
youth, including changes in the type of cultivated crop species and varieties, changes in man-
agement practices in the different stages of the cultivation cycle – including seed selection and 
acquisition, land preparation, sowing, cultivation, harvesting –, and changes in post-harvest treat-
ment, storage, and commercialization. For each reported change in local agricultural management 
practices, we asked the interviewee to explain what had driven such changes.

We additionally explored positive and negative experiences associated with each change in 
agricultural management practices and recorded the age, gender, and wealth group of each inter-
viewee to assess benefits, costs, and trade-offs for different social groups.

Before presenting our main results, we acknowledge two main limitations of this work. First, 
our data were not collected to systematically analyse how power relations shape farmers’ adapta-
tion options. However, farmers’ explanations of the costs, benefits, and trade-offs of different ag-
ricultural management practices, together with our understanding of the site dynamics, allowed us 
to identify that farmers’ responses to multiple drivers can simultaneously lead to positive changes 
for some groups and negative consequences for others. Second, the limited time frame of our 
research makes it difficult to fully understand or evaluate the long-term outcomes of farmers’ 
strategies. However, results from our empirical work shed light on the complexity of local farmers’ 
adaptation to multiple drivers.
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Results

Bassari farmers have adapted their agricultural practices in response to environmental and socio-
economic drivers including: (1) climatic (i.e., declining crop yields due to changes in precipitation, 
temperature, and fog), (2) demographic (i.e., higher land pressure due to population increase and 
labour shortages due to migration), (3) economic (i.e., increasing monetization of the livelihood 
system through market integration, which caused higher cash dependency, higher reliance in off-
farm activities, and trends towards economic efficiency), (4) social (i.e., increasing influence of 
NGOs and extension services, and decrease in community’s social capital such as communal work 
and reciprocity), and (5) cultural (i.e., weakening of traditions and cultural norms and changing 
dietary preferences). These drivers have generated impacts in the local farming system and shaped 
changes in agricultural management practices, including changes in crop species and varieties, 
changes in seed management, and changes in soil cultivation practices (see Figures 13.3 and 13.4). 
Agricultural management changes come along with certain benefits, costs, and trade-offs for dif-
ferent sustainability spheres and social groups, as we next outline.

Adoption of new crop species

The most prominent change in agricultural management practices refers to the adoption of new 
crop species. Traditional Bassari staple crops were sorghum, fonio, and Bambara groundnut. The 
adoption of new crops and in particular rice and maize (for subsistence) and cotton and horticul-
ture (for sale) were common changes mentioned by farmers. The introduction and expansion of 
horticulture (2000s) and cotton (1970s) is relatively recent. Rice (19th century) and maize (1930s) 

Adoption of new crop species

Changes in agricultural
management practices

Climatic drivers

Socio-economic
drivers

Decrease and more unpredictable
rainfall, shorter rainy season

Increase in temperature

Decrease in fog

Agricultural system impacts

Decrease in yield
(lower productivity and maturation

rate, higher crop failure)

Increase in pests
(in crops and seeds)

Changes in suitable cropping area

Changes in the length of the
cropping season

Changes in soil management
practices

Shift to short-cycle varieties

Changes in seeding and seed
management

Increase in market integration
(higher cash needs, shift towards

off-farm work)

Decrease in traditional
cultural values

Decrease in manpower

Time constraints and trade-offs in
agricultural activities

Limited economic benefits from
farming

Increase in external influence
(NGOs, extension services,

private companies)

Increase in migration

Decrease in social capital
(collective work)

Heavier rainfall events

Increase in livestock

Changes in dietary preferences

Increase in external support and
facility provision

Increase in soil erosion and
degradation

Decrease in traditional knowledge
(weather forecast)

Figure 13.3 � Conceptual map showing multiple drivers and impacts on the Bassari agricultural system and 
resulting changes in agricultural management practices.
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have been in the Bassari farming system for a longer time, although their cultivation has expe-
rienced a dramatic increase in the last decades. As a direct consequence of adopting new crops, 
farmers have reduced or even abandoned the cultivation of traditional crops. Due to the higher 
water and soil fertility requirements of maize, rice, and horticulture, the switch from traditional 
to new crops also entailed a change in the cultivation location, from hilly areas to the plains (see 
Porcuna-Ferrer et al., 2024).

A B

C D

E F

G

A Hor�culture has been promoted as an alterna�ve cash 
crop cul�va�on

B Many farmers prefer the paddy rice cul�va�on before 
tradi�onal crops

C Oxen-ploughing allows more �mely and fast 
cul�va�on for flat cul�va�on plots 

D The harvest of a co�on and a sorghum field. 
Farmers o�en abandon sorghum in favour of the 
cash crop co�on

E + F Farmers tend to abandon cul�va�on in the hills (E) to 
farm in the flat lower areas (F)

G The manufacturing and selling of shea bu�er has 
become an important off-farm income alterna�ve 

Figure 13.4 � Examples of changes in Bassari agricultural practices as a response to different impacts on the 
agricultural system. Pictures by B. Klappoth, 2019–2020.
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Drivers
The adoption of maize and rice involved a mix of economic, social, and cultural reasons. Farm-

ers justified the adoption of maize and rice arguing that these crops provide high yields and require 
less labour than traditional crops. Among the Bassari, agricultural labour is becoming a limiting 
factor due to off-farm migration in search for jobs that provide cash income, the decrease in the 
number of common agricultural working days, and the increase of children schooling (who tra-
ditionally were an important help in the fields). Moreover, development projects (in coordination 
with the Senegalese government) – which intensified their presence in the Bassari area in the 
recent decades – play a key role in the introduction of new high-yielding rice and maize varieties. 
Dietary preference for maize and rice have also contributed to the adoption of these crops.

Farmers mentioned mainly economic and social considerations for the adoption of cotton and 
horticulture. Increased cash needs and the role of external agents – NGOs for the introduction 
of horticulture and a state enterprise (later privatised) for cotton – were mentioned as the main 
drivers of cotton and horticulture adoption. Nowadays, cotton is the main source of agricultural 
income and all interviewed farmers referred to the need to cover the rising costs of living – for 
example, children’s schooling, food, and access to health services –, as well as the rising demands 
for commercial goods like smartphones or motorbikes. In the discussions with women farmers, 
they mentioned that horticulture has become increasingly popular because the facilities provided 
by NGOs – for example, seeds and materials for fencing – make the commercialization of vegeta-
bles profitable. None of the farmers interviewed mentioned that their decisions to adopt new crop 
species reflect a response to climatic stress.

Costs, benefits, and trade-offs
The need to change the planting location was the most frequently mentioned trade-off derived 

from rice and maize adoption. Given their water requirements, rice and maize cannot be cultivated 
in the hills, like Bassari traditional staple crops. This shift aggravates land scarcity and promotes 
unequal land access, also reinforced by population growth and cultural changes in the land tenure 
system, which has shifted from commonly managed user rights defined by kin groups to private 
property. The cultivation of maize and rice lowers the value of hilly land and intensifies land pres-
sure in the plains. Bassari recognised that “[Now] the fields are smaller, and it is difficult to find 
land in the plains. (…) We are many more people!” (Anonymous, female farmer, February 2020). 
In the past, higher-status and wealthier households preferred hilly land. The less desirable plains – 
 characterised by a dense vegetation, soils non-suitable for traditional crops, and protected by cultural 
taboos – were only used by households settled in the village margins or by ethnic groups who arrived 
later to the area (e.g., Pular). Nowadays, only those households who traditionally inhabited or culti-
vated the plains, or very wealthy households who can use their financial and social status to borrow 
land from others, can cultivate the plains and therefore adopt new and higher-yielding crop species. 
Interviewees expressed additional concern about the expansion of agriculture into sacred and protected 
areas like the river basins with dense riparian forests, where, in the past, taboos banned cutting the trees.

Farmers claimed that rice and maize have high water requirements that make them generally 
more susceptible to dry spells than their traditional crops. However, they also mentioned this 
drawback to be compensated through the higher water retention capacity of the soils in the plains, 
which reduces the risk of water stress that occurs in hilly areas. Farmers also referred to the high 
needs for fertilisers and pesticides as a trade-off for the adoption of rice and maize. According to 
farmers, the growing demands on land limit the use of traditional crop rotation and fallow periods, 
which leads to declining soil fertility and increasing soil degradation. Consequently, as fields in the 
plains are rarely rotated or left fallow and as the new crops have high soil nutrient requirements, 
regular fertilisation is needed. Some farmers also noticed that the reduction of fallow periods and 
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the lower quality of purchased seeds leads to a greater presence of pests, which requires the ap-
plication of more pesticides.

For horticulture, farmers reported problems with water scarcity and conflicting interests be-
tween household consumption and irrigation needs. This problem was mainly presented by 
women, who also saw an increase in their work burden due to water scarcity: “Before sunrise 
is when there is more water. If you want to irrigate your crops, you need to wake up very early” 
(Anonymous, female farmer, March 2020). Horticultural activities also generate disparities, since 
only some neighbourhoods have access to land suitable for horticulture. As a woman farmer ex-
plained: “I would cultivate tomatoes, onions, and lettuce if I had a place” (Anonymous, female 
farmer, March 2020).

Cotton has high requirements for fertilisers and pesticides, representing a form of intensified 
agriculture that demands more labour to fumigate and fertilise plots, and additional cash to pur-
chase external inputs, thereby creating higher market dependence. Cotton is mostly cultivated by 
men, who also control the income from cotton sales, which is often used to buy status items (e.g., 
smartphone, motorbike) and – according to women interviewed – not invested in family expendi-
tures. Hence, the shift towards cotton cultivation had negative implications for women’s control 
over household income and decision-making.

During the ‘cotton boom’ in the early 2000s, many families almost entirely switched to cot-
ton, reducing the area dedicated to self-consumption. However, in the face of yield failure, low 
cotton market prices, or unexpected cash needs (e.g., in case of illness), these households became 
food insecure. Nowadays, most households keep a balance between cotton and subsistence crops. 
Still, big shares of land and labour are put into cotton cultivation and the proportion devoted to 
subsistence crops has declined. To compensate for the lack of cultivated subsistence crops, women 
search for alternative strategies to ensure household food security (e.g., through off-farm work), 
while at the same time supporting cotton cultivation. In other words, cotton cultivation competes 
with subsistence crops for land and labour, thereby challenging family food needs and increasing 
women’s work burden.

Shift to short-cycle varieties

The shift from long- to short-cycle varieties was a change commonly mentioned by Bassari farm-
ers and affecting maize, rice, peanut, and fonio, for which short-cycle varieties are available. For 
sorghum, farmers mentioned adopting a medium-cycle variety. No short- or medium-cycle varie-
ties are available for Bambara groundnut.

Drivers
Farmers reported climatic stressors, scheduling conflicts with other activities (i.e., livestock 

rearing and off-farm work) and external influences as the main drivers of the shift to short-cycle 
varieties. Farmers considered traditional long-cycle varieties vulnerable to the changing climate, 
especially regarding unpredictable rainfall, shorter rainy seasons, and more frequent dry spells. 
They also explained that in the past, the rainy season lasted from May to October and allowed the 
cultivation of long-cycle crops, whereas nowadays the rain lasts from mid-June to September and 
only allows for short-cycle crops and varieties. Respondents also mentioned that in the past com-
munities relied on fog at the end of the rainy season for the final maturation of long-cycle crops, 
like certain sorghum varieties. Nowadays, however, fog is scarce and too unstable to ensure the 
final maturation of long-cycle crops.

Farmers also referred to trade-offs between long-cycle varieties and livestock rearing. Free-
ranging livestock is kept in communal land during the dry season and at the end of the growing 
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season, when crops are harvested. This practice increases the risk of crop damage by grazing live-
stock, especially for long-cycle varieties. Farmers also mentioned that the shorter growing cycles 
fit better with the seasonality of off-farm jobs.

Finally, farmers mentioned that the adoption of short-cycle rice, maize, and peanut varieties 
was supported and subsidised by NGOs and government development programs, which increases 
profits by reducing investment costs.

Costs, benefits, and trade-offs
Farmers attributed positive traits to some of the traditional long-cycle varieties that are being 

lost, which were perceived as more productive, less vulnerable to pests and weeds, more robust to 
low soil fertility, more durable when stored, and more tasty and nutritious.

Changes in seeding and seed management

Farmers reported three main changes regarding seeding and seed management: (1) changing seed 
storage techniques by applying chemical pesticides, especially for legume seeds; (2) shifting the 
planting calendar from the beginning of June to the beginning of July; and (3) re-seeding more 
often due to the increasing difficulty to find the right moment to seed.

Drivers
Farmers argued that changes in seed storage practices were a response to higher seed degra-

dation from pest infestations due to temperature increase. Pest infestations particularly affected 
legume crops like peanut and Bambara groundnut. As one farmer explained: “There are too 
many insects in the seeds. Before you could store them from one cropping season to the next. 
Nowadays if you leave it, at the moment of seeding you will just find powder” (Anonymous, fe-
male farmer, January 2020). They acknowledged that the new seed storage practice was initially 
promoted by NGOs, who used to distribute chemical pesticides for free, although now farmers 
have to buy them.

Farmers explained the shift in planting schedules as a response to the delayed and shorter rainy 
season and the higher frequency of dry spells. Farmers described that they cannot seed when 
the first rain arrives, as they used to do, because no other rains follow, and the germinated seeds 
dry out: “Sometimes you organise a big common agricultural working day hoping that the first 
rains will follow soon, but if the rain does not arrive, you lose everything” (Anonymous, male 
farmer, January 2020). At the same time, the shorter rainy season forces farmers to harvest earlier, 
compared to the past. Seeding later but harvesting earlier makes shifting to short-cycle varieties 
necessary. Otherwise, crops do not reach maturity before the end of the rainy season, resulting in 
significant yield losses. As one middle-age male farmer said: “If you seed too early, you risk that 
the seeds will dry out in the field; but if you seed too late, crops will not reach maturity” (Anony-
mous, male farmer, February 2020).

Unpredictable rainfall, the decreased reliability of traditional indicators of weather forecast, 
and the loss of weather forecasting knowledge were all considered factors increasing the difficulty 
to identify the right time to seed.

Costs, benefits, and trade-offs
Additional costs, including risks, were mentioned in relation to changes in seed storage 

methods. Since NGOs do not freely distribute chemical pesticides anymore, farmers with less 
economic resources cannot afford buying them and continue to apply traditional forms of seed 
storage (e.g., mixing seeds with ashes and certain wild plants that keep insects away). Moreover, 
some farmers complained about the toxic effects of chemical pesticides on human health and 
refused to use them.
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Altogether, there are more costs in accessing and storing seeds, including an increased risk of 
seed losses during storage and a large dependency on external seed sources (e.g., markets, NGOs). 
For example, several women farmers mentioned incidents of spurious seeds or of seeds that did 
not correspond to the announced crop variety. Some farmers also attributed pest infestations to the 
purchase of seeds from markets or unreliable sources.

Changes in soil management practices

Farmers mentioned two main changes related to soil management practices: the shift from the 
hand hoe to the oxen-plough and the construction of stone-bands and half-terraces on fields.

Drivers
When asked about the reasons for shifting from the hand hoe to the oxen-plough, most farmers 

referred first to reduced workload and lower labour demand. The oxen-plough was also related 
to the increased cultivation in the plains, which allows more efficient ways of ploughing the soil. 
Several farmers additionally mentioned that owning an oxen-plough was beneficial under current 
unpredictable rainfall conditions, since the oxen-plough allows quick soil preparation and seeding, 
thereby offering farmers more flexibility, compared to the hand-hoe. The main reason for farmers 
to place stone-bands or trunks along the contours of hilly fields, or building half-terraces, was the 
prevention of soil erosion in response to more frequent flash floods. Both measures were intro-
duced by NGOs and development projects, which made oxen-plough available and trained farmers 
on the use of stone-bands and terraces on hilly terrains.

Costs, benefits, and trade-offs
Farmers mentioned that the benefits of the oxen-plough are not accessible to everybody. For 

example, a middle-aged woman explained:

If you own an oxen-plough, as soon as the rain comes, you seed. But if you do not own it, 
then you will have problems, you need to wait for your turn [the oxen-plough is usually 
shared in exchange for work, some people also rent it] and sometimes when they come to 
plough your field, it is too late.

(Anonymous, female farmer, February 2020)

Regarding the construction of stone-bands or terraces on hilly fields, interviewed farmers agreed 
that labour and time constraints were the main factors that hindered the wider implementation of 
this practice.

Discussion

We structure the discussion around the three main findings: (a) farmers adapt their agricultural 
management practices in response to multiple stressors; (b) changes in agricultural management 
practices imply trade-offs among environmental, social, and economic factors; and (c) the distri-
bution of costs and benefits arising from adaptation varies across social groups.

Changes in agricultural management practices are driven by multiple 
stressors

Changes in farming practices such as changing crop species and varieties and market-based hor-
ticulture have been documented and conceptualised as “climate change adaptation strategies” in 
Senegal (Mertz et  al., 2009; Ruggieri et  al., 2021) and the world (Schlingmann et  al., 2021). 
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However, the predominant focus on climate change as a main driver of change masks the socio-
political root causes of household and individual vulnerability (Ribot, 2014). As our case study 
shows, farmers do not only switch to shorter-cycle varieties due to the shortening of the cropping 
season, but also due to labour constraints, higher yields, and dietary changes. In this regard, drivers 
of change in Bassari agricultural management practices are multifactorial, with socio-economic, 
political, and cultural stressors being as salient as climate change in guiding farmers’ decisions. 
Other studies have also documented that climate change is not necessarily the main or unique 
stressor driving livelihood changes in local communities (Nyantakyi-Frimpong & Bezner-Kerr, 
2015). Multiple, compounding, interacting, and intertwined stressors that are deeply entangled in 
the integration of smallholder farmers’ communities into globalisation and capitalist economies –  
such as new economic opportunities and cash needs, population growth, and the weakening of 
cultural norms and traditions – strongly determine community’s and households’ vulnerability 
and are perceived to be equally or even more relevant than climatic stressors (Ensor et al., 2019).

Still, the fact that non-climatic challenges are currently perceived as more significant for 
local farmers does not downplay the need for adaptation to the mounting threats of climate 
change. In the light of our findings and in line with McDowell and Hess (2012) and Izquierdo 
and Schlingmann (2024), we argue for the importance of designing climate change adaptation 
interventions that allow farmers to better confront multiple stressors according to their own 
needs and priorities.

Costs and benefits of changes in agricultural management practices result  
in trade-offs between environmental, social, and economic factors

Our results show that changes in Bassari agricultural management practices entail different costs 
under the different sustainability spheres, which can have contradicting and sometimes unwanted 
trade-offs for local communities, leading to maladaptive outcomes and increased vulnerability.

A response that is beneficial with respect to one stressor might be insufficient or ineffective, 
or even conflict with addressing other stressors (Bennett et al., 2016). For example, a response to 
new economic conditions does not necessarily increase climate resilience and a response to cli-
matic stressors is not necessarily economically beneficial or viable, as it happens when there is a 
mismatch between climate-compatible crops and market-driven demand for those crops (O’Brien 
et al., 2004). Our case study illustrates trade-offs between environmental, social, and economic 
costs that can lead to maladaptive outcomes. For example, the increase of marketable horticulture 
and cotton cultivation (short-term economic benefits) contributes to the abandonment of tradi-
tional crops, like sorghum, fonio, or Bambara groundnut, which are generally better adapted to 
local environmental conditions and droughts (environmental costs) (Abrouk et al., 2020; Hadebe 
et al., 2017; Mayes et al., 2019). Switching to cash-crops can improve households’ income (eco-
nomic benefits), but the additional need for irrigation (i.e., horticulture) can put stress on water 
resources (environmental costs) and potentially lead to conflicts because of different demands and 
interests (social costs) (Akinyi et al., 2021; Antwi-Agyei et al., 2018). Similarly, an increasing de-
pendence on research-improved drought-resistant short-cycle seeds of introduced crops (environ-
mental benefits), increases households’ vulnerability to market uncertainties and price fluctuations 
(economic costs) (Galappaththi & Schlingmann, 2023). Introduced crops also tend to be more 
susceptible to pests, resulting in frequent application of chemical pesticides with risks to human 
health (social costs), environmental degradation (environmental costs), and additional cash needs 
(economic costs) (Akinyi et al., 2021; Dhakal & Kattel, 2019). Growing a mixture of traditional 
crops would allow households to have effective strategies against food insecurity in the face of 
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reduced landholdings, changing rainfall patterns, and decreased soil fertility (environmental and 
social benefits). However, growing traditional crops implies high labour requirements and low 
income, since they are not yet integrated into market logics (economic costs) (Galappaththi and 
Schlingmann, 2023).

In this regard, adaptation to the most impacting stressors in the short term can limit long-term 
adaptation options and climate resilience when they deliver maladaptive outcomes for one of the 
different sustainability spheres (McDowell & Hess, 2012; Porcuna-Ferrer et al., under review). 
Only when farmers’ responses reduce harm in all three spheres, they can be considered sustainable 
adaptation (Eriksen et al., 2011; Wilson, 2014), which emphasises the need for research and policy 
to design and evaluate climate change adaptation options by considering their trade-offs between 
environmental, social, and economic spheres in order to avoid lock-ins that could increase future 
climate vulnerabilities.

Costs and benefits of changes in agricultural management practices  
are unequally distributed across social groups

Another important finding of our research is that changes in agricultural management practices 
entail different costs, benefits, and trade-offs for different social groups, with the least vulnerable 
bearing the benefits and the most vulnerable (i.e., women and poor households) often bearing the 
costs. Gender or access to financial, physical, and natural capitals define who in the community or 
within a household can implement and benefit from certain changes in agricultural management 
practices. This is specifically the case of the usage of oxen ploughing, cotton cultivation, horticul-
ture, and the relocation of fields to the plains, which increased the benefits of some groups and the 
costs of others. For example, in the study area, the adoption of the oxen-plough mostly benefited 
a very small number of wealthy households with direct access to an oxen-plough. This is in line 
with other studies that highlight how unequal access to physical and natural assets affects the 
scheduling of seasonal agricultural activities of poor households (Roncoli et al., 2001). Regarding 
cotton cultivation, underlying inequities between men and women in cash access and decision-
making influenced their capacity to benefit from cotton expansion, which points to the importance 
of intra-household power dynamics to access adaptation options – see also, Ravera et al. (2016a). 
Moreover, our results add empirical evidence to the literature that argues that the implementation 
of certain adaptation strategies, besides reinforcing pre-existing inequalities, can also entail the 
renegotiation of local power relations (Ravera et al., 2016b). This is the case for horticulture and 
the relocation of agricultural fields to the valleys where differential land access between house-
holds defined their adaptive capacity and thereby created new inequalities. For example, market-
oriented horticulture of water-demanding vegetables enhanced the climatic sensitivity of women 
with limited access to land with wells, as confirmed by other studies (e.g., Labeyrie et al., 2021).

While the analysis of how the intersection of power and social relations shapes adaptation 
processes receives increasing scholarly attention (e.g., Kaijser & Kronsell, 2014; Ravera et al., 
2016a), it still remains largely unexplored for rural farming communities of the Global South 
(see Onta & Resurrección 2011 and Carr & Thomson, 2014 for exceptions). Results from our 
case study reinforce the notion that power-dynamics largely depend on context-specific socio-eco-
nomic and biophysical characteristics that either catalyse or constraint farmers’ adaptation options 
(Carr & Thompson, 2014; Kaijser & Kronsell, 2014; Thompson-Hall et al., 2016). Our results also 
offer empirical insights into how power dynamics are not fixed but changing under new conditions 
as people adapt to change. These findings thus make clear that adaptation is not an homogenous 
process that equally benefits all community members and highlight the importance of considering 
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how multiple dimensions of social identity interact and jointly influence how farmers differently 
experience, manage, and benefit from changes in agricultural practices (Ravera et al., 2016b). We 
argue for the need for grounded power-sensitive approaches as a first step before any intervention 
to foster climate change adaptation at the local level.

Conclusion

Bassari agricultural system and management practices are impacted and steered by various stress-
ors, from climate change to increased land-scarcity, increasing monetization of the economic sys-
tem, and changes in social capital and cultural norms. Bassari farmers are responding to those 
multiple and simultaneously occurring changes by modifying their farming practices. The analy-
sis of changes in agricultural management practices from a ‘sustainable adaptation’ perspective 
(sensu Eriksen et al., 2011) and using an intersectional approach shows that not every change can 
be considered a sustainable adaptation, nor equally beneficial for all social groups.

From these results, we derive two important conclusions. First, changes in agricultural man-
agement practices have multiple trade-offs derived from different environmental, social, and eco-
nomic costs: what in the short-term seems a good adaptation option to one stressor can in fact 
erode access to important assets and therefore, lower farmers’ future adaptive capacity to respond 
to other stressors. An overemphasis of policies on market demand as the only or most important 
stressor affecting subsistence farmers may deviate attention from other equally important stressors 
(e.g., climate change), overall resulting in increased vulnerability. Second, our results offer new 
empirical evidence about the underlying contextualised factors that shape response options and 
outcomes for different social groups. The changes in agricultural management practices imple-
mented by Bassari farmers led to benefits for some groups, but to costs to others, increasing the 
burden of the most vulnerable (i.e., women and poor households). We argue that it is important 
to include power and gender analysis as a first step for any intervention aiming at fostering local 
adaptation.

Our arguments aim to put the threats posed by climate change on agricultural systems in the 
context of the multiple cultural, environmental, political, and economic dynamics that intersect 
with them shaping the life and practices of smallholder farmers of the Global South. Understand-
ing farmers’ adaptation processes in their broader context, paying attention to additional risks, 
unequally distributed costs, and long-term trade-offs allows us to understand climate change im-
pacts within the lived experiences of local communities, and help design adaptation strategies 
that efficiently reduce vulnerability to climate change and other impacts. Climate change policies 
should prioritise long-term and multi-beneficial adaptation measures, while avoiding responses 
that reproduce existing inequalities and undermine farmers’ long-term resilience. Adaptation poli-
cies should be designed from a holistic intersectional approach that considers multiple-stressors, 
trade-offs, and power-dynamics.
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Introduction

Climate change remains a global issue creating environmental, social, and economic problems 
at different levels and scales (Mendelsohn et al., 2006; Popoola et al., 2020). Climate change has 
severely affected the livelihoods of people, especially those who depend heavily on the natural 
environment and/or have a low capacity to adapt (Tirivangasi and Nyahunda, 2019). Therefore, ef-
forts are aimed at assisting vulnerable populations to adapt to the changing climate (Pörtner, 2022).

Sub-Saharan Africa is one of the most vulnerable regions, very susceptible to the impacts of cli-
mate change due to the overreliance of its economy on climate-sensitive activities and its very low 
adaptive capacity due to acute poverty levels (AGRA, 2018; Di Falco, 2018). The region highly de-
pends on rainfall to provide water, food, and energy to its inhabitants (Ofori et al., 2021). The preva-
lence of rain-fed agriculture in most of sub-Saharan Africa makes its food systems highly sensitive 
to the changing rainfall (Thompson et al., 2010). High poverty rates, conflicts, poor management 
of natural resources, and low socioeconomic development also increase the region’s vulnerability 
(Maja and Ayano, 2021). Meanwhile, temperatures on the African continent are projected to exceed 
the global average (with an increased average of 3–4°C). Changes in precipitation are also expected 
in the 21st century through to the 22nd century (Niang et al., 2014; Thompson et al., 2010).

Changes in the climatic conditions of sub-Saharan Africa have led to many environmental 
problems, such as an increased infestation of pests and diseases, household asset depletion, rural-
urban migration, biodiversity loss, and ecosystem degradation (Abaje and Giwa, 2007; Muli et al., 
2018; Theunissen, 2018). Also, climate change has resulted in extreme weather events, such as 
flooding, droughts, and soil erosion leading to a drastic reduction in crop yields and rising prices 
of food commodities (Bedeke, 2022; Ibe and Amikuzuno, 2019; Wossen et al., 2018).

The impact of climate change has led to the formulation of measures to help the vulnerable 
adapt (Bahadur et al., 2013; Berkes et al., 2013). The success of these measures at the local level 
depends on a deeper understanding of smallholders’ perception of climate change impacts (Ac-
quah et al., 2015). An incomplete assessment of climate change impacts that does not consider the  
conditions of local inhabitants poses a major problem for effective adaptation (Stott and Kettle-
borough, 2002). Consequently, climate change adaptation and policy formulation processes are 
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flawed because of unrealistic projections and assumptions made about the conditions of local 
communities and Indigenous Peoples (Asare-Nuamah and Botchway, 2019).

Indigenous Peoples seldomly adopt transformative adaptation measures that change the fun-
damental attributes of their systems (O’Brien, 2012; Olsson et al., 2014). Rather, their responses 
rely on the interaction between people and their collective activities, which are mediated through 
kinship, friendship, and informal and formal institutions (Goulden et al., 2013; Moutouama et al., 
2022). Indigenous Peoples have activities and networks that foster diversification and help reduce 
the impact of climate variability and change. However, those in Northern Ghana remain the most 
vulnerable to climate change despite the use of some local adaptation measures. (Armah et al., 
2010; Chemura et al., 2020), more so those in Kumbungu (Musah et al., 2013; Nyadzi, 2016). As 
a result, the goals of this chapter are (1) to recognize and understand changes observed by people 
of Kumbungu descent in Northern Ghana, (2) to assess which of the observations are caused by 
the climate change, and (3) to identify local responses to these impacts. It pursues these objectives 
through the lens of the cultural theory of risk (Douglas and Wildavsky, 1982).

Theoretical framework

This chapter adopted the cultural theory of risk (CTR), which is based on the premise that peo-
ple’s perceptions of changes are influenced by their cultural environments (Dake, 1991; Johnson 
and Covello, 1987; Stern et al., 1995). A thorough understanding of the cultural influence on risk 
perception can be attained by using CTR to explain why and how people choose to react to envi-
ronmental hazards. This can be done by combining CTR and local or traditional environmental 
knowledge about weather and climate-related threats (McNeeley and Lazrus, 2014).

The development of CTR has demonstrated that people’s risk preferences vary over time, in 
response to various circumstances and experiences (Bellamy and Hulme, 2011; Rayner, 1992; 
Spickard, 1989). This is consistent with the idea that culture is dynamic and emergent (Wolf, 
1982). According to Rayner (1992), specific sorts of social organizations are linked to different 
kinds of worldviews. Different types of social organizations see and approach dangers in different 
ways. As a result, conflict over how groups with various institutional cultures organize and ap-
proach solutions may emerge (Thompson and Rayner, 1998).

As suggested by CTR, for sustainable adaptation to climate change to occur, all worldviews 
must be present and able to have a conversation about various perspectives and priorities (McNee-
ley and Lazrus, 2014). CTR provides a framework for analyzing cultural conflicts, such as those 
between groups of climate change “believers” and “non-believers,” and it reveals how risk per-
ceptions consistent with values and cultures can be identified (McNeeley, 2014). Engaging CTR 
at the community level enables the understanding of why measures intended to address climate 
change, such as adaptation and mitigation, are frequently contentious and even divisive within and 
between varied communities (McNeeley, 2014).

Methodology

Study area

This study was conducted in the Kumbungu district of Northern Ghana (Figure 14.1). The area is 
located in the tropical zone, characterized by lowlands and covered by savanna grassland (Abdul-
Razak and Kruse, 2017). Kumbungu was selected on the basis that instrumental meteorological 
data was deficient, with little focus on the study of Indigenous indicators for climate change. The 
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Dagbani ethnic group, estimated at 1.2 million people in Ghana, makes up the local population. 
Almost all of the households in the district are involved in seasonal small-scale rain-fed agriculture 
with crops (e.g., sorghum, rice, maize, and millet) and poultry production accounting for about 
95% of their total family income (GSS, 2015). Only a few households near the Bontanga Irriga-
tion Project, employ dry-season irrigation (Nyadzi, 2016). Agriculture is negatively affected by the 
climatic conditions with six to seven months of the dry season (October/November–March/April) 
and five months of the rainy season (April/May to September/October) (Amikuzino and Donkoh 
2012; Nyadzi et al., 2018). The area is also subject to the effects of recurrent floods and droughts 
(Stanturf et al., 2011; Asante and Amuakwa-Mensah, 2014) 

Site selection, sample, and sampling techniques

The villages of Kpasolgu, Kushegu, and Wuba were selected for the study because they have 
relatively homogenous populations with typical environmental and socio-cultural conditions, and 
little influence from external forces, such as donor help. The sampling procedure followed those 
recommended by Reyes-García et al. (2023).

SEMI-STRUCTURED INTERVIEWS

Five key informants were purposely selected for semi-structured interviews to explore and gather 
site-level data on local livelihoods, local timeline events, and seasonal calendar. Three pilot inter-
views were conducted first to clarify and contextualize the concepts in local settings and to train 

Figure 14.1 � Map of the study area. (A) shows Ghana in West Africa. (B) Ghana with annual average rainfall 
from 1981 to 2010.  (C) shows Kumbungu district with land use/cover.



Changing terrain

247

translators and research assistants. Also, using the quota sampling technique, the second part of the 
semi-structured interview was conducted with 18 individuals categorized as young (three men and 
three women) and old (three men and three women) from each of the three villages. To this sample, 
we asked questions regarding observable environmental changes attributed to climate change and 
adaptation/coping measures to respond to these changes (Reyes-García et al., 2023).

FOCUS GROUP DISCUSSIONS

Given that power-play could influence participation, three focus groups were created based on 
gender and age structure using a convenience sampling technique. The first focus group discussion 
was for men (mainly household heads) and counted with the participation of 13 people , the second 
was for women (old and young) with about 10 participants, and the third for the youth only (males) 
with about 11 participants.

SURVEY

Using information from semi-structured interviews and focus group discussions, a survey with 
two different parts was conducted. The first part was at the household level with 125 respondents 
and the second at the individual level with 175 respondents selected using a random sampling 
technique. The total number of households and individual interviews were uniformly distributed 
among the three villages. The first version of the survey was pre-tested with ten respondents.

Data collection

Data collection was conducted between November 2019 and June 2021(COVID-19 prolonged the 
data collection) and the process was divided into four main steps following the protocol developed 
by Reyes-García et al. (2023). Step 1: reconnaissance walks, observations, community meetings 
and conversations with well-informed locals, literature review, and key informants were used to 
gather the site and village levels data such as meteorological data, accessibility, infrastructure, sea-
sonal calendar, livelihood and historical timelines of the area. Step 2: semi-structured interviews 
with key informants were used to gather data on observed changes, the direction of changes, the 
drivers of change, and adaptation techniques used to manage these changes. Step 3: The observa-
tional changes and adaptation actions identified were further discussed at focus group discussions 
for validation and elaboration. Step 4: A survey at the household and the individual level was or-
ganized to gather data on vulnerability, socio-demographics, Local Indicators of Climate Change 
Impacts (LICCIs), and Local Adaptation of Climate Change Impacts (LACCIs). The data were 
analyzed using Microsoft excel.

Results

Sample description

About 43% of the respondents opined that their lives have improved over the last 20 years, with 
the rest of the sample responding to have not seen any changes in their living conditions. Individu-
als in the study area have received some NGO and governmental sponsorships when undertaking 
various agriculture projects. Crop production is the primary source of income for all households. 
Results of the socio-demographics characteristics of individual respondents and household char-
acteristics are shown in Tables 14.1 and 14.2.
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Table 14.1 � Socio-demographic characteristics of respondents

Individual-level information

Items % Items %

Gender Authority in village
Male 57 Yes 20
Female 43 No 80
Age Education
20–29 5 No formal education 44
30–39 5 Primary school 30
40–49 12 Middle school lever 18
50–59 25 High school graduate 8
60–69 31 Farm size(ha)
70–79 16 <1 1
80–89 6 1–1.9 51
Access to information 2–2.9 47
Almost never 38 3–3.9 17
Almost daily 49 4–4.9 6
Weekly 11 >5 3
Monthly 2  

Sources of information
Television  Internet
Almost never 61 Almost never 91
Almost daily 29 Almost daily 5
Weekly 7 Weekly 3
Monthly 3 Monthly 1
Radio Mobile phone
Almost never 0 Almost never 1
Almost daily 95 Almost daily 65
Weekly 5 Weekly 30
Monthly 0 Monthly 4

Authors’ construct (2022).

Table 14.2 � Household characteristics

Household-level information

Items % Items %

Monetary debts Control over the food they eat
Does not owe any money 62 Full control 66
Owes money 38 Some control 34
Number of houses Food preference
1 1 I mostly eat the food I like, but sometimes have 

to eat something else
38

2 34 I always eat the food I like 61

(Continued )
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Observed environmental changes

A large number of survey respondents had observed significant environmental changes and were 
able to point out the directions and the extent to which these changes are affecting their house-
holds (Table 14.3). All the respondents reported an increase in rainfall variability, frequency of 
heavy rainfall, and decrease in crop maturation time. Almost everyone reported a shortened rainy 
season, an increased frequency of hot/warm days, wind temperature, and average temperature. 
More than half of the respondents reported a decrease in the number of windy days. Respondents 
also mention that these changes significantly affect their households by interfering with their 
daily lives and affecting farm activities and crop growth. Other observable changes that affect 
their households at varying degrees include an increase in livestock mortality, an increase in the 
frequency of crop pests, an increase in wildfire frequency, an increase in wind-induced soil ero-
sion and soil loss, a decrease in the quality of pasture, and a decrease in the intensity/strength of 
cold waves.

Table 14.2  (Continued)

Household-level information

Items % Items %

3 53 I mostly eat food I do not prefer, but sometimes 
I could eat the food I like

1

4 11 Freshwater quality
5 1 water quality sometimes was not good 45
Government support Water quality is usually good 54
Yes 53 often not good 1
No 47 Freshwater quantity
NGO support Sometimes we do not have enough water 45
Yes 70 We always have enough water 54
No 30 often we do not have water 1
Well-being Freshwater control
Better 43 Full 65
Worse 26 Some 35
Same 31 Freshwater preference
Food quality I mostly do not have access to my preferred 

water sources, but sometimes I do
3

I did not always have access to 
safe and nutritious food

32 I mostly have access to my preferred water 
sources, but not always

51

I usually had access to safe and 
nutritious food

68 I always have access to my preferred water 
sources

46

Food quantity   
We always had enough food 89   
Sometimes we didn’t have 

enough food
11   

Authors’ construct (2022).
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Table 14.3 � Observable climate change impacts and their effect on households in the Kumbungu community 
(n = 125)

Observable changes Noticed % Direction of 
change 

 % Effect on household (categories 
created based on responses)

 %

Change in the intensity/
strength of cold waves

Yes 77 Increase 2 Does not affect me at all 89
No 23 Decrease 98 Affects me a little 1

  Affects me a lot 10
Changes in mean 

temperature
Yes 73 Increase 98 Does not affect me at all 71
No 27 Decrease 2 Affects me a little 8

  Affects me a lot 21
Changes in wind-induced 

soil erosion and soil 
loss

Yes 78 Increase 100 Does not affect me at all 24
No 22 Decrease 0 Affects me a little 35

  Affects me a lot 41
Changes in wildfire 

frequency
Yes 81 Increase 100 Does not affect me at all 8
No 19 Decrease 0 Affects me a little 23

  Affects me a lot 69
Changes in rainfall 

variability
Yes 99 Increase 100 Does not affect me at all 1
No 1 Decrease 0 Affects me a little 9

  Affects me a lot 90
Changes in seasons 

length /duration/ /
disappearance 

Yes 100 Shorter 98 Does not affect me at all 1
No 0 Longer 2 Affects me a little 10

  Affects me a lot 89
Changes in the frequency 

of heavy rainfall events
Yes 98 Increase 100 Does not affect me at all 4
No 2 Decrease 0 Affects me a little 7

  Affects me a lot 89
Changes in the frequency 

of crop ‘pests’ (insects, 
birds, larvae, etc.)

Yes 98 Increase 100 Does not affect me at all 1
No 2 Decrease 0 Affects me a little 5

  Affects me a lot 94
Changes in livestock 

mortality
Yes 63 Increase 100 Does not affect me at all 44
No 37 Decrease 0 Affects me a little 24

  Affects me a lot 33
Changes in the number of 

windy days
Yes 44 Increase 39 Does not affect me at all 58
No 56 Decrease 61 Affects me a little 16

  Affects me a lot 26
Changes in crop 

maturation time
Yes 32 Increase 100 Does not affect me at all 53
No 68 Decrease 0 Affects me a little 29

  Affects me a lot 18
Changes in the abundance 

or density of wild plant 
or fungi species

28 Increase 6 Does not affect me at all 55
72 Decrease 94 Affects me a little 31

  Affects me a lot 14
Changes in the quality of 

pasture
26 Increase 4 Does not affect me at all 53
74 Decrease 96 Affects me a little 38

  Affects me a lot 9
Changes in wind 

temperature
Yes 37 Increase 100 Does not affect me at all 47
No 63 Decrease 0 Affects me a little 39

  Affects me a lot 14
Changes in the frequency 

of hot/warm days
Yes 98 Increase 100 Does not affect me at all 18
No 2 Decrease 0 Affects me a little 20
    Affects me a lot 60

Authors’ construct (2022).
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Responding to environmental changes: adaptation strategies,  
enablers, and barriers

In response to the observable climate change impacts listed in Table 14.3, Dagbani people at 
Kumbungu use some adaptation practices (Table 14.4). The application of chemical fertilizers 
and changing crop varieties emerged as the most used strategies to battle the impacts of chang-
ing climates on agriculture. The abrupt changes in climatic conditions, such as drought, have 
made farmers adopt harvesting rainwater for irrigation in the dry season and supplement rainfall 
in the wet season. According to the respondents, the low number of people engaged in building 
rain harvesting systems is due to the high initial cost involved in constructing the water harvest-
ing system. Farmers in the community also plant more trees to provide shade and fresh air and 
have adjusted the structure and orientation of buildings to provide ample ventilation during the 
hot season. The use of sandbags along farmlands and river banks was also adopted to reduce the 
impacts of flood and erosion. The respondents use chemical insecticides and pesticides to control 
farm pests, as well as mosquitoes and other harmful household insects. With regards to rainfall 
variability and unpredictability, they rely on weather and seasonal climate forecast information 
provided through extension services and or radio stations to estimate the timing and amount of 
expected rainfall for decisions such as when, what, and how to plant. The forecast information 
is primarily generated by Ghana Meteorological Agency (GMet) and some private entities like 
ISOKO. To prevent strong winds from damaging crops/trees, buildings and other farm structures, 
informants engage in staking crops/trees and fortifying buildings against wind and storm destruc-
tion. Few informants engage in off-farm activities such as construction work and selling provi-
sions as an essential adaptation practice to supplement the household income especially when 
yield is less than anticipated.

New crop varieties have been adopted in the community; the most common being New Rice 
for Africa (NERICA), which has become the most adopted staple crop in the community. Farmers 
report that NERICA matures early and withstand long periods of drought, disease, and pest infesta-
tions and meet the market demand. Farmers in the area attributed the sudden adoption of the new 
crop varieties, including NERICA, to the changing rainfall patterns, and temperature changes but 
also to changes in the market and value chain demands. The same reasons (i.e., changing climatic 
conditions, changing markets, and value chain) were given as the main drivers for abandoning 
certain local crop varieties such as foxtail millet, local okra species, and local rice varieties. Also, 
respondents have abandoned some adaptation measures because of their effectiveness in address-
ing climate impact, for example, the majority of farmers no longer use climate information from 
GMet (Table 14.3). In some cases, respondents do not have any adaptation measure to address 
such impacts, for example, no measures had been put in place to prevent the extinction of some 
local birds.

From the survey, farmers indicate reasons and enablers that inform the adoption of certain 
adaptation practices. The high benefits derived from adaptation to reduce climate change impacts, 
high climate change impacts, high severity/damage potential of climate change and its impacts, 
and sufficient/high financial capital are some of the driving forces in selecting and implementing 
an adaptation measure (Table 14.4).

Results also show that certain factors limit the implementation of adaptation strategies in the 
study area (Table 14.4). A key barrier to adaptation was their inability to afford or develop the right 
adaptation strategies due to a lack of money. The respondents claim poverty is a major factor as to 
which adaptation measures to be adopted. For example, modifying building structures requires high 
financial investments, which are unavailable. Also, results from the survey show that little or no 
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Table 14.4 � Adaptation strategies identified at the Kumbungu community

Adaptation 
strategies

Adopted Categorized enablers (out of % of  
those who adopt)

Reasons for adoption Categorized barriers

Item % Item % Item %

Build rain 
harvesting 
systems to collect 
water

Yes 20 (High) benefits from adaptation to 
reduce climate change impacts

60 ●	 To save water for 
daily activities 
during long dry 
seasons

Lack of financial capital 100

No 45.6 High climate change impacts 28
Not anymore 33.6 High severity/damage potential of 

climate change and its impacts
51.6

We plant more trees Yes 49.6 Belief in the potential for other positive 
side effects of adaptation/coping 
measure

3.2 ●	 To provide shade 
from the hot sun

●	 To provide fresh air

Low benefits from adaptation 0.8

No 28.8 High climate change impacts 19.4 Time constraint 93.6
Not anymore 21.6 High severity/damage potential of 

climate change and its impacts
17.7 Habit/Custom/Preference 5.6

Other (high) risks (not related to climate 
change

1.6

Apply chemical 
fertilizers

Yes 97.6 (High) benefits from adaptation to 
reduce climate change impacts

51.6 ●	 To increase the yield 
of our crops

●	 To improve the 
fertility of our soils

Lack of financial capital 100

No 2.4 High climate change impacts 4.1
Not anymore 0 Other (high) risks (not related to climate 

change
44.3

Make changes 
to buildings to 
make them airy

Yes 36 (High) benefits from adaptation to 
reduce climate change impacts

35.6 ●	 The weather is hot 
nowadays

●	 Reduces heat in the 
room

Lack of financial capital 96.8

No 32 High climate change impacts 44.4 Habit/Custom/Preference 1.6
Not anymore 32 High severity/damage potential of 

climate change and its impacts
20 Time constraint 1.6

Off-farm activities Yes 5.6 Other (high) risks (not related to climate 
change

85.7 ●	 To raise extra 
income

●	 To supplement the 
money gained from 
agricultural activities

Lack of financial capital 88.8

No 38.4 Sufficient/High financial capital 14.3 Habit/Custom/Preference 0.8
Not anymore 56 Low benefits from adaptation 4

Time constraint 5.6
Others 0.8
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Staking crops/trees 
and also fortify our 
buildings

Yes 56.8(High) benefits from adaptation to reduce 
climate change impacts

54.9●	 To prevent strong 
winds from pulling 
down crops/ trees and 
buildings

Low benefits from adaptation 97.6

No 15.2 High climate change impacts 26.8 Time constraint 2.4
Not anymore 28 High severity/damage potential of 

climate change and its impacts
19.7

Use insecticides 
and pesticides 
chemicals

Yes 86 (High) benefits from adaptation to 
reduce climate change impacts

72 ●	 Kill insects and pests 
on the farm

●	 To kill mosquitoes 
and other harmful 
organisms in the 
house

Lack of financial capital 100

No 6 High climate change impacts 4.7
Not anymore 8 High severity/damage potential of 

climate change and its impacts
1.9

 Other (high) risks 21.5
Use sandbags Yes 59.2 (High) benefits from adaptation to 

reduce climate change impacts
71.6 ●	 To prevent soil 

erosion due to 
rainfall

Low benefits from adaptation
Habit/custom/preference
Time constraint 
Other trade-offs/

incompatibilities

90.4
3.2
3.2
3.2

No 10.4 High climate change impacts 16.2
Not anymore 30.4 High severity/damage potential of 

climate change and its impacts
10.8

Others 1.4
Plant short-term 

season crop 
varieties

Yes 100 (High) benefits from adaptation to 
reduce climate change impacts

62.4 ●	 The starting date 
for many crops has 
changed and become 
shorter

●	 Improve yield

Lack of financial capital 100

No 0 Belief in the potential for other positive 
side effects of adaptation/coping 
measure

1.6

Not anymore 0 High climate change impacts 19.2
High severity/damage potential of 

climate change and its impacts
11.2

Other (high) risks 1.6
Use weather and 

climate forecasts 
for planning

Yes 59.2 (High) benefits from adaptation to 
reduce climate change impacts

64.9 ●	 To determine the 
timing and amount 
of rainfall to take a 
planting decision

Lack of external support 76

No 26.4 High climate change impacts 23% Lack of social capital 0.8
Not anymore 14.4 High severity/damage potential of 

climate change and its impacts
12.2 23.2

Authors’ construct (2022).
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access to weather and climate forecast information impedes farm decision-making. Even individuals 
who had access to forecast information reported a mismatch between the information provided and  
farm decision needs given particular local conditions. Some adaptation measures, such as using 
sandbags to control erosion quickly become ineffective as climate change impacts intensify. Time 
constraints and habits were some of the limiting factors affecting the implementation of adaptation 
measures such as planting trees, staking crops and trees, or fortifying buildings.

Discussion

Agriculture employs almost all of the inhabitants in the study area and it is challenged by water 
scarcity and drought, conditions that are likely to be aggravated due to the observable changing 
patterns in climatic factors. Informants in the area reported a rising trend in mean temperature, 
frequency of hot/warm days, and wind temperature, showing a warming climate in the study area. 
Across Ghana, the rate of warming is most rapid in the northern inland regions than in other parts 
of the country (Klutse et al., 2020; World Bank, 2010). Rainfall in the study area remains variable 
over short periods, though an increase in the frequency of heavy events is perceived by farmers. 
Other studies using farmers’ observations and meteorological data have discussed similar trends in 
Northern Ghana, where Kumbungu is located (Amikuzino and Donkoh 2012; Awuni et al., 2018; 
Frimpong et al., 2014; Issahaku et al., 2016; Nyadzi, 2016). Almost all of the observable changes 
identified in Kumbungu have also been found elsewhere in Africa and well documented by previ-
ous studies (Agbo, 2013; Farauta et al., 2011; Gebreyesus et al., 2016; Kemausour et al., 2011). In 
contrast to previous work, our study brings detailed information on the percentage of informants 
who notice the change, its direction, and its effect on households. The impact of changing tempera-
tures and rainfall will result in a decrease in crop production across sub-Saharan Africa (Barrios 
et al., 2008; Schlenker and Lobell, 2010).

Studies have reported that changes in climate factors, in particular rainfall and temperature, 
are crucial to agricultural output (Chepkoech et al., 2018; Nyatuame et al., 2014). The changing 
pattern in rainfall and temperature in the study area, in addition to a decrease in crop maturation 
time and shortened length of growing seasons, puts agriculture under threat, as crop failure may 
increase. As demonstrated by the results of this study, Indigenous People already acknowledge the 
impact of changing climatic factors on their livelihoods. The negative impact of increasing tem-
peratures and decreasing rainfall has implications for soil and water management and agricultural 
productivity in general. Also, an increase in temperature, coupled with warm nights and reduced 
rainfall, affects crops and weed growth, and increases the prevalence of insects, pests, and diseases 
(Hatfield et al. 2011). Moreover, livestock in the study area are exposed to the direct impacts of 
high temperatures, affecting their feeding, reproduction, disease prevention, and health in general. 
Given that farming in the study area is primarily for sustaining family food supply and income 
(MOFA, 2015), the life and livelihood of the Dagbani people are also under threat.

The type of adaptation practices adopted by the Dagbani suggests the extent of climate impact 
and the efforts to mitigate them. The unpredictability of the rainfall has increased the demand for 
weather and seasonal climate information in the study area. However, a major barrier to using 
climate information was mistrust of the information as the information is not timely provided and 
does not match needs. Studies have shown that the difficulties to predict the weather and seasonal 
climate leave serious implications for food production and livelihoods and therefore some farmers 
combine Indigenous and scientific forecast information to formulate farm decisions. This is also 
the case in Northern Ghana (Antwi-Agyei et al., 2021; Baffour-Ata et al., 2022; Nyadzi et al., 
2018, 2021, 2022; Nyamekye et al., 2021).
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The accelerated rate of climate change impact raises new questions regarding the effective-
ness of adaptive measures, and what could limit adaptation practices. Results show that a lack of 
financial resources is a major barrier to implementing appropriate adaptation strategies in the study 
area. Antwi-Agyei et al. (2015) reported that financial barriers due to a lack of credit facilities are 
among the most important obstacles hindering the implementation of climate adaptation strategies 
by farmers in Northern Ghana. The lack of credit facilities as a barrier to adaptation has also been 
found elsewhere in Africa (Asare-Nuamah et al., 2022; Deressa et al., 2009; Oramah et al., 2022). 
Therefore we recommend the creation and strengthening of social groups to combine resources, 
especially financial resources to formulate effective adaptation measures to address climate change 
impacts

We recognize that while this chapter focuses on identifying climate impact, adaptation, and bar-
riers, it does not examine their multilevel interactions to influence the livelihood of the Dagbani 
people of Kumbugu. Further research should focus on how barriers influence adaptation and how 
the adaptation practices will evolve in the future, and the need for transformative adaptation at the 
local level.

Finally, by applying the cultural theory of risk (CTR), our study provides empirical evidence 
about local and context-specific impacts of climate change and the factors that influence Indig-
enous people’s adaptation decisions. Moreover, approaching the study from the CTR perspective 
reveals that the social connections and cultural worldviews of the Dagbani people in Kumbungu, 
which include their fundamental beliefs about their society and the environment, shape how they 
perceive the impact of climate change and select the adaptation technique suitable to their local 
environment.

Conclusion and recommendations

This chapter has provided a nuanced understanding of how climate change poses complex chal-
lenges to Dagbani people at Kumbungu in Northern Ghana. Dagbani people have several adapta-
tion strategies to deal with the negative impacts of climate change, but finance remains the major 
barrier to implementing adaptation strategies. We recommend that social groups should be formed 
to combine resources to be able to afford and or formulate better adaptation strategies. Households 
need to be supported with micro-credit schemes. The inclusion of Indigenous people in adaptation 
policy formulation is highly recommended to offer context, restore trust and increase the useability 
of these measures. The provision of accurate weather and seasonal climate forecast information 
that is actionable for climate sensitive decision-making is needed given that most farmers have no 
confidence in the existing forecast information received. Installing more meteorological stations 
will serve as a means of obtaining and providing real-time weather and seasonal climate informa-
tion to the Dagbani people in Kumbugu. Finally, we conclude that through the lens of the cultural 
theory of risk, empirical evidence has been generated to show that social connections and cultural 
worldviews of the Indigenous people shape how they perceive context-specific climate change 
impacts and select suitable adaptation strategies.
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Introduction

Climate change is considered the greatest challenge to agricultural productivity in Africa, with 
a projected change of about 8% in the average yield of all crops by 2050 (Clay and King, 2019; 
Collier et al., 2008; Knox et al., 2012; Sultan et al., 2013). The observed changes in rainfall and 
temperature are expected to pose great challenges to agriculture because rain-fed agriculture pro-
vides almost 90% of the staple food in sub-Saharan Africa (SSA) and is the main source of liveli-
hood for about 70% of its total population (Bischiniotis et al., 2018). Agriculture employs about 
80% of the labour force in SSA and contributes to about 25% of its GDP (Amani et al., 2021). The 
Intergovernmental Panel on Climate Change (IPCC, 2014) defines climate change as a change in 
the state of the climate as indicated by changes in the mean or variability. In recent years, climate 
change has been reported to make croplands vulnerable to bushfires, pests and pathogens, and to 
reduce the yields and income expected by farmers, which is likely to deter many from farming in 
SSA (Trisos et al., 2022). Many factors can affect crop yields, including soil type and moisture, but 
temperature and rainfall have been shown to be among the main factors affecting crop production, 
as climate determines water availability for crop growth and production, which directly affect crop 
yields (Ayanlade et al., 2018; Bang et al., 2019; Cammarano et al., 2019). Rainfall is important for 
the stability and quality of yields and it can also pose a threat to total yield. For example, reduced 
or erratic rainfall during cassava germination and tuber development phases can lead to yield 
losses, just as temperature can favour the growth of weeds and the spread of pests, which in turn 
leads to yield losses (Oseni and Masarirambi, 2011).

In this chapter, we present a case of climate change impacts on cassava production. Cassava 
is a crop of the tropical lowlands and is restricted to regions within latitudes 30° north and south 
of the equator, with higher concentrations near the equator (Onyeneke et al., 2020). It thrives in 
warm and humid climatic conditions with temperatures between 25 and 29°C and rainfall of about 
1,000–15,000 mm, ideally evenly distributed throughout the growing season. However, cassava 
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has tremendous adaptability to different climatic conditions as it can withstand high temperatures 
of about 37°C and low temperatures of about 17°C (IITA, 2012). In Nigeria, cassava was tradition-
ally cultivated as a crop, being the base of several Indigenous foods such as gari, eba, fufu, and 
amala (Eyinla, 2019; Kolawole et al., 2010; Oluwamukomi and Lawal, 2020; Woodley, 2011). To-
day, cassava is used for animal feed production and processing, as a raw material for starch, and as 
ethanol for industrial purposes, among others. About two-thirds of Nigerian cassava production is 
exported to other countries in SSA (Bain et al., 2013; Behnassi et al., 2021; Murumkar et al., 2020; 
Onyenechere, 2010; Yadav et al., 2019). Since cassava thrives on poorly drained soils and has less 
need for fertile soils and rainfall than other crops (Descheemaeker et al., 2016), it is grown almost 
everywhere in Nigeria, although production is concentrated among many smallholder farmers in 
the central and southern regions, where different varieties of cassava are grown (Diakite et al., 
2020; Ekwezuo and Ezeh, 2020).

The local and international demand for cassava and its products has led to an increase in its cul-
tivation in many regions of Nigeria, making it one of the most widely grown crops in different eco-
logical zones in the country (Araro et al., 2020; Gebrechorkos et al., 2020; Kogo et al., 2021). The 
cultivation of cassava has evolved from traditional production systems to the use of high-yielding 
varieties and mechanised production and processing. However, agriculture in Nigeria, as in other 
parts of SSA, is constrained by climate change as current climatic conditions are not close to the 
optimal conditions for cassava production (Adejuwon, 2004; Ayanlade et al., 2018). Assuming that 
Nigeria’s population is expected to grow to become the third largest country in the world by 2050 
(Abubakar and Dano, 2018), the demand for common food crops, including cassava, will increase. 
There is therefore a need to find ways to cope with climate change impacts on crop production 
systems (FAO, 1996; Loum and Fogarassy, 2015). While cassava production might have been se-
verely affected by the changing climatic conditions in the country, this is not well documented in 
the literature. Studies have shown that the relationship between climate change and crop produc-
tion in Nigeria varies depending on the type of crop, seasonal properties and life cycle of the crop 
(Niero et al., 2015; Odekunle et al., 2007; Onasanya et al., 2021; Stuch et al., 2021). Generally, 
climate change impacts have been found to be pronounced on crops outputs, as an increased occur-
rence of dryness in terms of elongated spell length is capable of reducing yield (Choudhary et al., 
2020; Han et al., 2019; Sniderman et al., 2019). The literature, including several chapters of this 
book, shows that climate change has significant implications for global and regional food produc-
tion, although the exact extent of these impacts is unknown. This chapter examines the impact of 
climate change on cassava production in one state in Nigeria. Farmers’ reports of climate change 
impacts, their experiences, and their adaptive capacity were also explored.

Methodology

Research design and data collection

A mixed methods approach was used. The study used historical climate data and survey data. Sat-
ellite climate datasets for rainfall and temperature from 1980s to 2020 were used in the analysis. 
To assess rainfall variability, we considered the number of rain days during various growing sea-
sons and the total rainfall for each year. In this study, a year is divided into two growing seasons: 
the early growing season from April to June and the late growing season from July to October.

Survey data were collected among farmers in rural communities in freshwater ecological zones 
situated in Ogun State, Nigeria (Table 15.1). Ogun State is a home of some cassava production in 
Nigeria (Figure 15.1), with a total land area of approximately 17,000 square kilometres located 



Climate change impacts & barriers to adaptation technologies

261

between latitudes 6012′0″N and 7047′60″N and longitudes 300′0″E and 500′0″ east of the Green-
wich Meridian (Solanke, 2013). The area is typical of a tropical climate consisting of two different 
seasons of wet and dry conditions. The wet season is relatively associated with the dominance of 
the moist maritime southerly monsoon from the Atlantic Ocean, while the dry season is predicted 
by the continental northeast trade wind from the Sahara Desert. The average temperature varies 
according to the month with a distinction of 25.7°C in July and 30.2°C in February. The area be-
longs to one of the top agrarian states in Nigeria, with abundant cassava crop production (Ayanda 
et al., 2013; Bamiro et al., 2012; Teeken et al., 2018). The major occupation of the people of Ogun 
state is agriculture, which employs many people, especially those in rural regions. The state is also 
noted for its numerous educational institutions, which employ a large number of people. Several 
other identifiable modern economic activities exist in Ogun state, including insurance and motor 
companies, petrol stations, light and heavy industries (Solanke, 2015).

The Ogun Agricultural Development Programme (OGADEP) provided cassava yield statistics, 
which were calculated by dividing the total amount of cassava produced by the size of the farm-
land. The crop yield data were available only on an annual scale and was obtained by dividing 
the total production of the year by the total land area from which it was derived. Data on farmers’ 
practices were sourced primarily with the aid of semi-structured interviews (SSI) and focus group 
discussions (FGD), which were purposely administered to farmers to assess their adaptation op-
tions and implementation barriers. The targeted population for the study were farmers 30 years or 
older. One hundred and twenty copies of a questionnaire were administered to farmers in the study 
sites, out of which 115 copies were retrieved. Using the purposive sample method, three FGDs 

Figure 15.1 � Map of the study area showing sample village (black triangle) points.

Table 15.1 � Sampling and sampling locations

State Settlements Latitude (°N) Longitude (°E) Samples (%)

Ogun Onibode 7.1420 3.4372 30.5
Kobape 7.0986 3.3925 30.6
Odeda 7.2328 3.5281 28.8
Ota 6.7077 3.2560 10.1
Total 100
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with six semi-structured interviews were conducted to assess the farmers’ perceptions of climate 
and experience in different farming communities. Content analysis was performed to assess farm-
ers’ cropping experiences. The historical profile of the settlement was collected from the high chief 
of the settlement, while participatory oral interviews were conducted for each farmer in the settle-
ment. The results of the FGD and SSI were analysed using content analysis, while the data from 
the questionnaire were analysed using descriptive statistics involving frequencies and percentage 
error graphs to present the adaptive capacity of farmers and barriers to adaptation. This study fol-
lowed the research protocol developed by the Local Indicator of Climate Change Impact (LICCI) 
Research Group regarding SSI, FGD, and survey (Reyes-García et al., 2023). The data from the 
FGD and SSI were transcribed and analysed using content analysis. Descriptive statistics involv-
ing frequencies, and percentage error graphs were used to examine the adaptation methods used 
by farmers and barriers to adaptation. Gender assessment of impacts and adaptation was carried 
out, as gender has been identified to play a critical role in the use of adaptive measures of climate 
change (Obossou et al., In press).

Data analyses

Correlation and multiple regressions were used to show the impact of climate on cassava yield. 
A line graph was plotted using SigmaPlot 10.0 to show changes in climate parameters, while the 
standardised anomaly index (SAI) was used to assess the annual variation from the mean. Sunburst 
diagrams and linear dendrograms were used to illustrate survey results. The SAI has become the 
most popular precipitation and temperature index based on hypothetical development and useful-
ness for analysis (Baig et al., 2022; Ghosh and Mujumdar, 2007; Raziei, 2021; Rivera and Penalba, 
2014). This measure presents the number of standard deviations from which a climatic record is 
above or below the climatological average for a station of a particular location. This study employs 
the use of annual data to calculate the anomaly index as in Oluwatimilehin and Ayanlade (2021). 
To estimate the parameters, a probability-weighted moment was employed using the classification 
of the anomaly index shown in Table 15.2. Multiple regression analysis was performed to find the 
combined impact of climate on each of the crops. With the use of climatic (temperature and rain-
fall) data, the impacts of climate on crop yield were established with the use of multiple regression.

Survey data were also analysed to assess the gender differences in adaptation and barriers to 
climate change adaptation. A comprehensive assessment of gender differences was conducted in 
order to recognise the adaptation capacities of both male and female farmers and to understand 
gender-based adaptation differences, as climate change affects men and women farmers differ-
ently. We establish critical variables that help us in assessing gender differences in climate change 

Table 15.2 � Anomaly categorisation

Anomaly class Categorisation

  2.0+ Extremely wet
  1.5–1.99 Very wet
  1.0–1.49 Moderately wet
−0.99 to 0.99 Near normal
−1.0 to −1.49 Moderately dry
−1.5 to −1.99 Severely dry
−2 and less Extremely dry
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adaption and adaptation barriers. Utilising quantitative approaches, we determine trends and sub-
stantial inequalities between genders, as well as the barriers that prevent women from properly 
responding to climate change.

Results and discussion

Climate parameters and anomalies

The analysis of meteorological data during the study period revealed high variations in rainfall 
and temperature both annually and monthly (Figures 15.2 and 15.3). There is a high variation 
in climatic parameters, as shown in Figure 15.2, as significant annual variations in rainfall were 
observed for each year in relation to annual total rainfall. Climate variability, as documented in 
this part of Nigeria, can cause negative departures from the normal weather (Adejuwon, 2005; 
Bello, 2008). The SAI of annual rainfall and temperature is shown in Figure 15.3. Categorisation 
around zero is an indication of normal precipitation or temperature, while those markedly above 
or below zero indicate relatively wet or dry conditions (Figure 15.3). The maximum temperature 
was above normal in the first and second decades (i.e., SAI > 1), moderate in the third decade, and 
has increasingly furthered below normal since the fourth decade. The minimum temperature was 
generally above normal in the first to the middle of the second decade. Rainfall was generally far-
off above normal from the early years covering the study period until the 1990s and falls below 
normal in the consecutive years till 2020.

Figure 15.2 � Pattern of climate in the study area.
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Changes in cassava yield as evidence of climate impacts

The results of the correlation analysis between the annual minimum temperature and crop yields 
during the growing season are shown in Table 15.3. There is a strong and positive correlation be-
tween the yield of cassava and rainfall, and minimum and maximum temperature. However, the 
relation is only statistically significant for the minimum and maximum temperatures. When com-
bined, rainfall, minimum and maximum temperatures account for over 75% of changes in cassava 
yield, while the remaining 25% can be explained by other variables, such as edaphic conditions 
and cassava resistance factors (Table 15.3). Reduction and erratic rainfall both negatively affect 
the yield of crops. Indeed, the relationship between climate and crop production in Nigeria has 
been reported to vary depending on the type of crop, seasonal properties and life cycle of the crop 
under consideration (Ajetomobi, 2016; Odekunle et al., 2007; Olanrewaju et al., 2017).

As shown by the results in Table 15.3, rainfall had a strong relationship with crop yield during 
both the early and late growing seasons, with R > 70%. The results further showed a very strong 

Figure 15.3 � Standardised Anomaly Index of climate parameters.

Table 15.3 � Correlation between climate and crop yield

Cassava yield Rainfall Min temperature Maximum temperature

Annual 0.84 0.82* 0.87*
Early growing season 0.79* 0.42 0.37
Late growing season 0.75* 0.32 0.57

* Significant at p < 0.05, Pearson correlation.
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relationship between yields and rainfall in both early and late growing seasons (Table 15.3). A 
strong relationship between rainfall and crop yield is not surprising, as previous studies have 
reported similar results (Ajetomobi, 2016; Bogale et al., 2022; Odekunle et al., 2007; Olanrewaju 
et al., 2017). While rainfall variability is capable of influencing maize yield, many of these stud-
ies reported that temperature is capable of contributingto changes in yield of approximately 50%; 
relative humidity can increase yields when it is high throughout the growing season (Ayanlade 
et al., 2018; Bogale et al., 2022; Odekunle et al., 2007).

Previous work shows that prolonged dry spells combined with high temperatures are likely to 
have a significant impact on yield (Ayanlade et al., 2018; Bogale et al., 2022; Jägermeyr et al., 
2021; Odekunle et al., 2007; Poudel and Kotani, 2013), particularly for cassava. Cassava yields 
are affected by several factors, though, including the amount of rainfall at the start and end of the 
growing season, but also fertiliser use, and resistance to pests/mildew, such as nematode moulds 
(Adiele et al., 2020; De Bauw et al., 2021; Onasanya et al., 2021). With the introduction of climate- 
smart cassava varieties and the liberalisation of the seed value chain, which enhances the avail-
ability of improved seeds to farmers, it has been argued that it will be possible to boost yield even 
with worsening climatic conditions.

Reported changes and adaptation options

Survey results suggest that most farmers in the sample perceived that the temperature of the hottest 
month is now warmer than in the past. Many also report that extreme floods are more frequent, 
while extreme drought and the durations of the rainy and dry seasons have remained the same.

To adapt to those changes, farmers respond in many ways. The adaptation methods used in the 
area are shown in Figure 15.4. Mixed farming planting of different species or varieties, agricultural 
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intensification, bush fallowing, changes in seasonal timing of sowing and harvest, and the use of 
credit facilities help enhance cassava yields over the study period (Figure 15.4). Some other com-
mon adaptations were irrigation, the use of loans and credit facilities, agricultural intensification 
and agroforestry, among others. Additionally, climate change, together with other societal and 
ecological changes, has led to farmers abandoning some landrace crops, such as palm, cocoyam 
and water yam, which are considered to be less productive. Farmers have also adopted new crops, 
such as watermelon, cucumber and pepper, based on market demand.

It is noticeable from survey results, however, that many farmers can not adopt the desired ad-
aptation options. Barriers to practising adaptation were ranked by farmers, with lack of natural, 
physical, human, social and financial capital accounting for >70% of the barriers to practising 
adaptation methods (Figure 15.5). Figure 15.5 shows that 41.1% of people chose not to practise 
some of the adaptation methods because they considered they faced a low risk of suffering climate 
change impacts. Many rural farmers in our survey noted that low financial capital is the main 

Adaptation Barriers

Figure 15.5 � Barriers to practising adaptation in percentages ranked by farmers.
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barrier to any adaptation method. Lack of financial capital is probably responsible for low adapta-
tion practices in the study area.

Gendered differences in adopting adaptation options

Notably, the present study assesses gender differences in adaptation and barriers to adaptation, 
as presented in Tables 15.4 and 15.5. Nearly 65% of farmers in the study areas are male. Climate 
change adaptation strategies are said to vary according to gender, age, farm size, and farming ex-
periences (Obossou et al., In press). Women farmers adopt some adaptation measures, though most 
of these are largely practised by male farmers. For example, 57.9% of male and 42.1% of female 
farmers in the study area practice different crop compositions. Similarly, both male and female 
farmers have nearly equivalent percentages of use for some adaptation methods (Table 15.4), such 
as irrigation (56.9% male, 43.1% female), fertiliser application (58.5% male; 41.5% female) and 
pesticide application (58.8% male; 41.2% female). Compared to female farmers, generally >60% 
of male farmers use most adaptation methods (Table 15.4).

Most female farmers reported not practising specific adaptation methods. It is obvious that 
men farmers perceive more of these barriers than female farmers, who often perceive less obsta-
cles to adaptation as well as less likelihood and severity of climate change. For female farmers, 
the lack of financial, natural, social and physical capital are important barriers to adaptation, al-
though some deliberately have not taken any measures or have chosen not to practise adaptation  
(Table 15.5). Barriers to adaptation practices by rural farmers vary by gender. From Table 15.5, 
it is noticeable that both males and females have low benefits from adapting measures (55.9% 
male and 44.1% female farmers). Thus, they have a low ability to adapt (55.3% male and 44.7% 

Table 15.4 � Adaptation practices by rural farmers based on gender (male 
67.1% and female 32.9%)

Adaptation options

Male Female
Agricultural diversification 61.1 38.9
Changes in crop cultivation 59.3 40.7
Crop rotation 60 40
Mixed farming 57.9 42.1
Changes in size of farmland 61.1 38.9
Different crop composition 57.9 42.1
Agricultural intensification 60.7 39.3
Bush fallowing 57.1 42.9
Changes in daily working time 58 42
Agroforestry 70 30
Changes in seasonal timing of sowing 60 40
Changes in harvest time 73.3 26.7
Use of irrigation 56.9 43.1
Fertiliser application 58.5 41.5
Pesticide application 58.8 41.2
Loan and credit facilities 70.4 29.6
Changes in income 61.2 38.8
Changes in food storage 58.7 41.3
Changes in quantity of food consumed 87.5 12.5
Changes in residence 71.4 28.6
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female). The major barriers to the use of adaption methods noted by both male and female farmers 
include lack of financial capital (59.5% male; 40.5% female), physical capital (56.8% male; 43.2% 
female) and human capital (59.1% male; 40.9% female)(Table 15.5).

Gender has been identified to play a critical role in the use and practices of mitigation and adap-
tive measures for climate change in many societies (Nyasimi et al., 2018; Pearse, 2017; Prakash 
et al., 2022). The impact of climate change will be disproportionately harsh for the poorest and most 
vulnerable people and groups, particularly for women in Africa (Trisos et al., 2022; UNDP, 2012) 
(Prakash et al., 2022). Women who receive less education tend to be poorer and they are usually ex-
cluded from decision-making processes both at the political and household levels. It is therefore im-
portant to recognise the adaptation capacities of both males and females to understand gender-based 
adaptation differences since climate change affects men and women differently (Prakash et al., 2022).

Conclusions

In this study, the impact of climate change on cassava crops was examined and rural farmers’ ad-
aptation techniques were studied. It was observed that the rainfall and temperature were marked 
with high variations, which also correlated strongly and positively with the yield of cassava. A 
significant number of farmers interviewed reported that temperature has increased and rainfall has 
declined, affecting their livelihoods. But there are differences in the ability of farmers to adapt, as 
their adaptive capacities vary significantly. The study recommends the enhancement of adaptation 
options available to farmers in the region for better yield to unlock new business opportunities for 
the country through cassava processing.

Other adaptation measures, such as better access to markets, extension and credit services, 
technology and farm assets are effective and have been ongoing in Africa. These can also be 

Table 15.5 � Barriers to adaptation practices by rural farmers based on gender

Barriers option

Male Female
Low climate change risk 78.9 21.1
Low probability of climate change impact 80 20
Low severity of climate change 63.2 36.8
Low benefits from adapting measures 55.9 44.1
Low ability to adapt 55.3 44.7
Lack of financial capital 59.5 40.5
Lack of physical capital 56.8 43.2
Lack of human capital 59.1 40.9
Lack of natural capital 61.2 38.8
Lack of social capital 60 40
Lack of time 66.7 33.3
Lack of external support 64.3 35.7
Distance or isolation 60 40
Habit/custom/preference 64.3 35.7
Cultural/religious/social norms 55.6 44.4
Legal framework or regulation 55.6 44.4
Other adaptations with similar purposes preferred 37.5 62.5
Incompatibility of trade-offs 50 50
Fear of potential risks or adverse effects 60 40
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encouraged in the region. Farmers in the study area could also plant crops that require more mois-
ture in the late growing season, while crops that can endure or require higher temperatures should 
be planted in the early growing season. Additionally, farmers in Nigeria should have access to 
climatic information, as well as predictions and forecasts for farming seasons. Although the gov-
ernment, international bodies, and local organisations are funding adaptation through loan and 
credit facilities to farmers, current levels of funding are insuficient. Governments at all levels must 
support rain-fed agriculture and agricultural research in order to increase crop yields as a result of 
climate change.
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