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Abstract: Small islands are vulnerable to the synergistic effects of climate change and anthropogenic
disturbances due to the fact of their small area, geographical isolation, responsive ecologies, rapidly
growing and developing populations and exposure to sea level and climate change. These changes
exert pressures on ecosystem services, such as the provisioning of resources, and therefore threaten
the sustainability of livelihoods. We reviewed key sustainability and livelihoods literature to bring
together concepts of environmental livelihood resilience and stability across temporal and spatial
scales and integrated them to produce a new conceptual framework for dynamic environmental
livelihood sustainability (DESL). This framework aims to facilitate the incorporation of local
community perspectives into water, energy and food nexus thinking about sustainable land use to
support local livelihoods. Finally, we provide insights from this case study to evaluate the
effectiveness of the DESL framework in addressing gaps in existing frameworks. We suggest this
framing provides a mechanism for enhancing the agency of communities to produce more cohesive
and inclusive land use management plans that can lead to enhanced environmental sustainability
pathways.

Keywords: climate change; decision making; human well-being; nexus; participatory methods;
poverty alleviation; Zanzibar

1. Introduction

Communities living on small islands tend to be reliant on ecosystem services for meeting their
basic needs and sustaining their livelihoods [1]. However, ecosystems on small islands face
unprecedented challenges due to the increasing pressures related to climate change, population
increase and socioeconomic development [2]. Communities in such contexts are experiencing
declines in the functioning of ecosystem services and this, in turn, threatens peoples” water, energy
and food security, along with the sustainability of their livelihoods [1,3]. Following an evaluation of
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the capacity of existing frameworks to conceptualise and plan for environmental sustainability and
livelihood sustainability, we suggest that existing frameworks do not adequately encapsulate how
changing environmental conditions alter social-ecological behaviours in small island contexts. In
response, we propose an integrative conceptual framework that captures how environmental change
is altering land use on small islands with implications for environmental livelihood security. The
framework we propose combines the concept of dynamic sustainability (DS) with a water, energy
and food (WEF) nexus approach to help better conceptualise factors that influence environmental
livelihood sustainability on small islands. We then outline how this framework can be applied
through participatory scenario planning so as to ensure that future land use planning supports
environmental livelihood security on small islands driven by voices from a range of stakeholders.

The article is organised as follows: In the first section, we frame our discussion by providing an
overview of challenges to environmental sustainability and livelihood sustainability in small island
contexts. Next, we outline existing approaches to conceptualising environmental sustainability in
small island contexts. In this section, we show how the principles of sustainable livelihoods theory
can be drawn into nexus approaches to deepen understanding of the environmental livelihood
security of a system. However, even in doing so, there is no guarantee that local knowledge and
practices will inform future policymaking and land use planning for environmental sustainability.
As a result, we introduce a new integrative conceptual framework, incorporating a participatory
approach that combines biophysical and social components of environmental change to evaluate the
sustainability of livelihoods. This framework addresses the lack of emphasis on social-ecological
relationships in existing approaches to sustainable land use planning. We suggest that the application
of this conceptual framework can facilitate a greater understanding of how people interact with their
environments across temporal and spatial scales to meet their basic needs in order to gain insights
into how social-ecological interactions might evolve.

This framework has been developed with a focus on terrestrial landscapes on small islands and
archipelagos in the Indian ocean of equatorial Eastern Africa, considering the specific water, energy
and food challenges being faced on these islands. The framework is intended to guide qualitative
data collection, whereby it can be combined with spatial data to inform land use planning so that the
knowledge and practices of local communities are considered in these processes. In the last section
of the paper, we give an example of how the framework might be applied to a stepwise scenario
methodology, using Zanzibar as a case study. Using a synthesis of findings from Zanzibar, we
evaluate the effectiveness of the new framework in addressing the gaps highlighted in previous
examples.

2. Background: Sustainability Challenges on Small Islands

Environmental sustainability depends upon a balance between maintaining the capacity of
ecosystems and satisfying the needs of society [4]. This definition relies upon recognition that
landscapes are multifunctional; within these landscapes, social-ecological relationships are shaped
by the needs of different stakeholders [5]. This approach differs from early environmental
sustainability thinking which saw social and environmental systems as distinct and separate [6]. In
light of these developments, various frameworks have been developed to illustrate how the social
and natural components of sustainability are linked through people’s behaviours [7]. We evaluated
concepts from sustainable livelihoods literature, emerging dynamic sustainability principles and
nexus thinking in their capacity to address sustainability challenges on small islands. Throughout
this review, we drew out key principles which we felt should be combined to effectively explore the
environmental sustainability of livelihoods on small islands.

2.1. Sustainability Challenges for Small Islands

Small islands in the Global South are being challenged by several social and environmental
pressures, including population increase and rapid economic growth, leading to unplanned urban
development, governance structures, sea-level rise and climate change [1,2]. On small islands,
population growth, from both external and internal migration, has concentrated in coastal areas [8].
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Tropical coastal areas are experiencing rapid economic and natural resource management changes
with the rise of tourism infrastructure development [9,10]. Competing land uses can lead to conflicts
with local communities; for instance, some hotels restrict access from the village to the beach.
Seaweed farmers are also often asked not to dry the seaweed in view of hotels and in some areas
coastal access has been limited using security enforcement. Seasonal tourism also increases stress on
limited water resources during dry seasons [11]. Land use and land cover change has a significant
bearing on the scale at which climate change impacts will be felt, by decreasing the capacity of natural
capital to buffer communities against chronic and acute environmental perturbations [12]. For
instance, reductions in shoreline vegetation (especially mangrove and coastal forest) mean that there
are fewer natural defences against seawater intrusion, leading to soil erosion and a lower water
infiltration capacity.

Coastal zones are disproportionately vulnerable to climate changes and are likely to experience
a high level of multiple and interrelated climate risks with a subsequent consequence on economies
[13]. As key supportive ecosystems of low-lying coastal areas and small islands continue to be
removed or degraded, protection from acute natural disasters (such as storm surges and long-term
changes, such as sea level rise, saline intrusion, submergence, and coastal erosion) will decline [2,14].
Such effects are likely to have cascading implications for water, energy and food security and thus
the sustainability of livelihoods. The framework outlined by the Paris Climate Change Agreement in
2015 sets out to strengthen society’s ability to adapt to the effects of climate change and build
resilience at the national level. The targets set out within the Sustainable Development Goals (SDGs)
also seek to support the sustainable management of ecosystems (SDG 15), end poverty (SDG 1) and
increase the capacity of vulnerable people to respond to climate change effects (SDG 13). Although
such policies are interconnected, pressures related to these targets have often been addressed
separately, at times reducing one problem, while exacerbating another [15].

2.2. Implications of Environmental and Socio-Economic Changes for Local Livelihoods on Small Islands

Rural livelihood activities on small island settings often depend upon natural resource use and
are underpinned by provisioning ecosystem services [16,17]. Coastal environments on small islands
have traditionally supported deep-water fishing, bivalve collection, octopus fishing in shallow
waters, aquaculture and, more recently, seaweed and sponge farming [17]. Island communities also
depend highly upon coral reefs or mangrove ecosystems for coastal protection, subsistence fisheries
and tourism [9]. Inland spaces have been typically used for smallholder farming, rice paddies,
agroforestry and timber extraction [16,17]. All these activities are vulnerable to climate change.
Changes in precipitation negatively impact smallholder farming livelihoods through less predictable
planting times, unreliable harvests, increases in soil erosion and plant pest and disease outbreaks
[16,18]. Whereas sea temperature rise causes coral bleaching and reef degradation with impacts on
associated livelihoods (i.e., fishing, seaweed farming and reef excursions for tourism [16]). Such
reductions in livelihood outcomes put rural communities at greater risk of poverty and thus the
attainment of the SDGs. It must also be recognised that because of the physical characteristics of small
islands, they are vulnerable to multiple stressors including both climate and non-climate related.
Therefore, climate change needs to be tackled in a multi-dimensional way, addressing drivers of
environmental degradation alongside climate effects [1].

Common drivers of environmental degradation include international fluctuations in market
prices which influence agricultural planting decisions in terms of timing, economic returns and crop
type choices [19]. As farming space is typically limited on small islands and market fluctuations are
likely to have significant economic and food security effects [20]. Changes to forest legislation, such
as the gazettement of protected areas, alter forest use and can shift deforestation to other areas [21].
In some cases, the expansion of tourism has caused reduced shoreline vegetation and greater
exposure to the effects of sea-level rise [22]. Mangrove deforestation in particular has led to a
reduction in coastal protection and other ecosystem services, particularly fish nurseries and timber
[23]. Population growth increases pressure on fisheries, competition for farming land, relative food
prices and firewood availability with the subsequent degradation of ecosystem services [11,24,25].
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Population growth also increases requirements for wastewater treatment and can lead to pollution
from nutrient loading if these needs are not met (i.e., from solid waste which is disposed of in sink
pits). Introduced invasive species, such as crop pests, can have detrimental and unpredictable effects
on endemic species [26]. Urbanisation and resource investments are another growing source of
influence for socio-economic development on small islands. Rapid construction of tourism
infrastructure, particularly in coastal spaces, has led to changes in land use and land cover and
increased the demand of materials such as timber and rubble. Such demands for timber contribute to
deforestation, impacting on groundwater retention and can increase the risk of groundwater
salinisation due to the groundwater intrusion [17,27]. Tourism-related activities, such as windsurfing
and snorkelling, have altered the ways in which the coastal spaces are being used, at times causing
land use conflicts (i.e., between kite surfers and seaweed farmers, fishermen and snorkelling
excursions, hoteliers and women collecting bivalves) [28].

Whilst these drivers leave small islands highly vulnerable, there are also some island specific
opportunities to be taken into consideration. For instance, though geographically isolated, islands
often have deep maritime connections that enhance their import—export capacity [29]. Strong cultural
identities and social networks within small islands also enhance peoples’ ability to adapt to shocks
and stresses, as connectedness increases capacity for collective or shared action [8,30]. Moreover,
whilst the expansion of tourism has implications for sustainable land use, there are some economic
benefits to local communities in the form of formal and informal employment [31]. Higher rates of
employment and development can lead to increased access to higher education of younger
generations and a transition from subsistence lifestyles to income-generating activities such as
working in service sectors and government offices. Road infrastructure networks also improve the
connectedness between rural and urban spaces, improving mobility and market access. It is also
worth noting that, despite population growth being emphasised above as a threat to environmental
sustainability on small islands, there are opposing arguments for this which challenge the concept
that it has adverse impacts. For instance, there are examples of innovations and technological
improvements which have reduced population pressure on land and improved living conditions in
Africa, even as populations have grown [32]. Considering the complexity of change, planning for
future environmental sustainability on the small islands of East Africa, as elsewhere, needs to
consider how drivers of change are reshaping the social-ecological relationships within those
environments at different scales to better identify emerging vulnerabilities and opportunities for local
livelihoods.

2.3. Using the Sustainable Livelihoods Approach to Conceptualise Livelihood Sustainability

For decades now, the sustainable livelihoods approach (SLA) has provided a mechanism for
exploring interactions between humans and their environment and has been used to assess
vulnerability, adaptability and resilience by linking to both environmental and socio-economic
concerns [33]. The sustainable livelihoods framework recognises that natural resource capital
contributes to rural livelihoods and that environmental stresses modify livelihood stability and
augment vulnerability and opportunities for rural communities [34,35]. It was also accepted that
social-ecological interactions may then change in response to environmental stresses, thereby causing
further environmental degradation as people continue to meet their livelihood needs [14]. As such,
the SLA touched on ecosystem service concepts, whereby the ecological system is interpreted through
the lens of benefits to humans.

It has more recently been argued that links between livelihoods and ecosystems as reflected by
the SLA have been overly simplified and the sustainable livelihoods framework fails to capture the
complexity of socio-ecological interactions. Whilst the SLA provides valuable insights into how rural
communities are connected to their environments, it only depicts these relationships in a bounded
sense (direct explicit relationships) and does not account for dynamic longer-term changes such as
those related to agrarian change or systematic transformations resulting from socio-political
demographic, ecological succession or climatic variability and change [33,36]. Similarly, sustainable
livelihoods theory does not sufficiently disentangle global influences on local livelihood dynamics or
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connect locally embedded contexts to wider global economic and climatic changes [37]. As such, this
approach risks providing a lack of understanding about global influences on human-environmental
relationships overall [36,38].

With a growing recognition of these limitations, more recent frameworks attempt to pay more
attention to socio-ecological interactions across time and space including local and global level
interactions that shape human and natural systems [15,39]. For example, the traditional sustainable
livelihoods framework take temporality into account by exploring the effects of shocks (short-term
perturbations) and stresses (longer-term changes) on the stability of livelihood outcomes [34,35].
Within the SLA, sustainability is centred on the theory of stability [40]. Others propose that stability-
focused narratives on sustainability fail to acknowledge external, longer-term and less controllable
dynamics (i.e., global influences and external pressures); this leaves missed opportunities when
creating pathways for sustainable futures [38]. As such, principles from the SLA have been brought
into adapted framings that more explicitly demonstrate the complex nature of social-ecological
change resulting from the combined effects of population increase, socio-economic development and
rapid environmental changes. At the same time, the water, energy and food (WEF) nexus approach
has gained increasing attention within research and policy dialogue, as it has become increasingly
clear that the resources that support environmental sustainability and sustainable livelihoods are
inextricably linked as are their vulnerability to climate change [41,42]. Therefore, some propose that
ecosystem service concepts should be embedded within nexus approaches [43]. In the section that
follows, we review the capacity of different existing frameworks to address sustainability challenges
on small islands and draw out key principles which we feel should be combined to address gaps.

3. Conceptualisation: Reframing Environmental Sustainability to Better Reflect Evolving Social-
Ecological Dynamics in Small Island Contexts

At present, SLA frameworks for assessing sustainability do not adequately guide the
understanding of changing social-ecological relationships and their environmental implications. We
reviewed emerging frameworks for sustainability and selected defining principles from alternative
existing approaches to create a new framework which could potentially facilitate a greater
understanding of how local communities respond to environmental change over given temporal
scales. These selected frameworks are intended to integrate theory to practice at local scales.

3.1. Adapting the SLA to Better Represent Socio-Ecological Change

In response to the limitations of the SLA approach, a new dynamic framing for sustainability
was developed which focuses on concepts of stability, resilience, durability and robustness [38].
Within this framework, specific attention is paid to how these actions interact across temporal scales
to achieve sustainability. In addition to the temporality of change, attention is also given to styles of
action; specifically, whether the aim is to control or respond to shocks and stresses. This framing
moves beyond traditional stability focused narratives by incorporating ideas related to resilience.
Resilience thinking can provide a more proactive approach for the illumination of adaptation
pathways. So far, the dynamic sustainability (DS) framework has been used within a governance and
social justice context and applied to the context of managing disease epidemics [38]. However, this
framing could also potentially be applied to other issue areas such as exploring how responses to
change impact on the sustainability of multifunctional landscapes as well as livelihoods. We suggest
that this could be achieved by evaluating the concepts of stability, resilience, durability and
robustness from a social-ecological standpoint whilst incorporating land use and land cover change
and resulting ecosystem function effects. This would enable better understandings of how responses
to change influence environmental sustainability, allowing for predictions to be made about likely
livelihood effects.

Questions could then be asked to explore how capital, financial, natural, human, physical and
social assets shape the capacity of a person’s or community’s dynamic sustainability, thus bridging
early sustainable livelihoods thinking with further advanced frameworks [6,34,35,38]. Learning
about these interactions and what governs them is fundamental to understanding how drivers of
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change shape social-ecological relationships and thus land use and land cover patterns [44,45].
Linking together insights around changes in social-ecological relationships with the emerging
consequences for ecosystem function means that resilience theory, which focuses on ecological
interactions and their implications for the biosphere, can also be incorporated. Vulnerable social
groups could also be identified by assessing the capacity of different groups to utilise different
response strategies to achieve dynamic sustainability which will be especially useful toward
addressing poverty alleviation agendas.

3.2. Integrating Dynamic Sustainability with a Water Energy Food Nexus Approach

Recognising that people are inextricably linked to their environment through livelihoods and
thus the importance of capturing social-ecological interactions in sustainability analysis, researchers
developed an integrative framework combining principles of the SLA with insights from WEF nexus
thinking to assess the environmental security of livelihoods across whole systems and multiple scales
[33]. Environmental livelihood security (ELS), in this sense, is defined as the ability to maintain
adequate water, food and energy security to meet people’s livelihood needs whilst also supporting
economic growth and sustaining environmental system functionality [33]. The framework assesses
interactions between a given livelihood activity and the landscape; for instance, it has been used to
explore the potential impacts of climate adaptation interventions on agriculture.

Resource limitations on small islands and interactions between climate change, sustainable
livelihoods and the WEF nexus are important to consider. Within small islands, local communities
often undertake a diverse range of livelihood activities which draw upon water, energy and food
resources [16]. Whilst the ELS framework demonstrates the capacity to cover differences in
environmental conditions across spatial scales and economic sectors, there is currently a lack of
interrogation about changes over retrospective and future-oriented temporal scales. Within
multifunctional, landscapes, rapid socio-economic, demographic and environmental changes have
implications for land use and land cover that ultimately impact on the security of water, energy and
food [15,41,42]. Understanding the effects of these drivers of change requires some reflection on how
they have altered the sustainability of landscapes so far [5]. Due to the rapid nature of environmental
change on small islands, temporality is a particularly important aspect to consider.

Nexus approaches to conceptualising sustainability have both strengths and weaknesses.
Applying a nexus approach can potentially facilitate greater communication between natural
sciences and social sciences [42]. It has also been suggested that nexus-orientated workshops can
provide a forum for bringing together diverse actors from different sectors to support the
development of more coherent policies [15]. That said, to date, nexus studies have tended to adopt
broad scale systematic approaches that fail to integrate both theoretical or applied insights [42,46].
Therefore, nexuses approaches do not fully cover the complex nature of social-ecological interactions
within locally embedded contexts. Consequently, issues of power, equity and social context are often
not considered in research but would be addressed within a nexus approach combined with
participatory methods [6]. Therefore, thought needs to be given not only providing a framework
which facilitates local knowledge exploration but also the processes by which this is undertaken.

3.3. Towards an Integrated and Participatory Conceptualisation of Environmental Sustainability on Small
Islands

In recognition of the complex interactions between social and natural drivers of environmental
change, there has been a call for more integrated approaches to exploring environmental change and
enhancing resilience [41]. Responding effectively to environmental and developmental challenges
involves observing the interactions of different system components at multiple scales [38]. Planned
adaptation and transformative change within developing economies relies upon diverse sources
which test multiple framings of adaptation and development [47]. As environmental sustainability
depends upon interactions between local and global processes as well as the ecological and social
characteristics of places and sectors, there is a need for more multidisciplinary approaches to tackle
challenges [6]. New integrated approaches are needed to manage challenges created by multiple, and
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at times conflicting, human needs and demands to reduce poverty and promote sustainability [15].
In response to this need, recent studies have advocated for a multiscale participatory approach to
development discourses [45,48,49]. Many researchers also discuss the importance of capturing and
exploring local people’s experiences and expectations when exploring climate change adaptation [50-
54].

In the section that follows, we discuss a participatory and integrated framework for thinking
about environmental sustainability on small islands. In small island contexts, interactions between
humans and their environment are particularly strong [16]. As such, a sustainable livelihood
approach which focuses on natural resource base dependence is appropriate. At present, pressures
relating to population increase, climate change and socio-economic development are causing rapid
environmental change on small islands [1,2]. Therefore, frameworks for exploring the sustainability
of livelihoods need to incorporate temporally, so that transitions in social-ecological relationships can
be identified. Our framework uses a nexus approach to better explore relationships across different
sectors and identify synergies and trade-offs resulting from environmental change to inform future
planning and decision making [15,33,41]. Furthermore, our framework adds to the growing body of
work recognising that community-based experiences and insights need to be central to
environmental sustainability research [33,55] whilst trying to address some of the obstacles which
prevent effective integration of local knowledge. As we will demonstrate in the section that follows,
a nexus approach, informed by the principles of the SLA as well as local communities” knowledge,
provides compelling insights into environmental sustainability issues on small islands where reliance
on ecosystem services for livelihoods is high, natural resources are limited and land use demands are
competitive. Importantly, this proposed conceptual framework does more than link drivers of
environmental change; it informs action towards achieving environmental sustainability and
involves communities in the processes shaping such action.

3.4. Integrating Principles from Existing Frames of Thinking

Considering insights from the above approaches, we analysed existing frameworks which
address different aspects of sustainability, to combine elements from WEF and DS approaches. We
also integrated concepts from participatory processes for sustainable land use planning to facilitate
the generation of tangible spatial outputs. These frameworks include: the DS approach [38]; the ELS
framing [33] (both theoretical frameworks) and the kesho (meaning “tomorrow” in Swabhili) scenarios
framework (a methodological framework) [12,45] (see Table 1). Linking theoretical concepts with a
methodological framing allows us to develop a focused framework to guide researchers in data
collection. The dynamic sustainability theory was selected as it allows us to explore responses to
change in a way that reaches beyond traditional stability focused approaches. By incorporating
aspects of resilience, we can capture grassroots innovations to change which are often not captured
by existing frameworks. The ESL framework conceptualises using a water, energy, food and
livelihoods nexus. Integrating livelihoods considerations into sustainability assessments is vital for
small islands where communities rely heavily on ecosystem services to meet their basic needs [33].
The kesho framework offers a practical stepwise approach for integrating community insights into
land use management scenarios, highlighting societal drivers in socio-ecological cause—effects
interactions [12,45].
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Table 1. Description of key existing frameworks for sustainability, their previous applications and

identified gaps in terms of their capacity to integrate livelihood impacts and sustainable land use

planning.
Framework Description Application examples Gaps in existing
P PP P framework
The dynamic sustainability The framing enables
The concept of dynamic framework has been used to  researchers to evaluate
sustainability was conceptualise governance sustainability in a changing
developed to support a challenges associated with world using concepts of
pathways approach to disease epidemics including  both resilience and stability.
managing sustainability ~ using the examples of Applications have so far not
Dvnamic challenges in a changing  haemorrhagic fevers and made tangible links with
ynam world. It is inclusive of avian influenza. The ecosystem service flows
Sustainability [38] . . .. . . .
dynamics, complexity, application aimed to develop across spatial scales. Whilst
uncertainty and differing  sustainability pathways applied in a theoretical
narratives by considering towards managing sense to explore resilience
how aspects of stability, epidemics that moved focused pathways, it has not
resilience, durability and  beyond stability focused been linked with
robustness operate across  narratives by incorporating quantitative data to explore
temporal scales. more nuanced aspects of the implications of proposed
resilience theory [38]. trajectories of change.
The ELS framework links
social and ecological
systems and considers the
The ELS framework sustainability of these
. . The ESL framework has been | DUy 07 Thes
integrates sustainable . . interactions on livelihoods
. . used to investigate the .
livelihoods theory with . . using a water, energy, food
environmental security of . .
water, energy and food . . . nexus lens. Whilst spatial
livelihoods in Southeast Asia . .
nexus approaches. The . . considerations are made,
and Oceania by assessing .
. approach was developed there is a lack of temporal
Environmental . water, energy, food and . .
o in response to a lack of . . . consideration and therefore
Livelihood . . livelihood interactions .
. consideration for . . ) the evaluations are based
Security (ELS) .. . spatial using geospatial e
livelihoods in nexus more on stability than
[33] assessments. The framework

thinking. It aims to
conceptualise the balance
between human water
energy and food needs
with environmental
sustainability.

was used specifically to
explore the balance between
natural supply and human
demand for water, energy
and food resources [56].

resilience over time.
Moreover, though societal
demand for water, energy
and food resources plays a
central role in nexus
considerations, the
mechanisms for community
insights to be heard is not
explicit.

Kesho (meaning
“tomorrow” in
Swahili) [12,45]

Kesho is a participatory
framework which was
developed to support
multi-stakeholder
engagement in a land use
and land cover
framework. It consists of
four main steps that
involve experts
(facilitators) and
stakeholders (those who
are affected by or can
affect socio-economic
and land dynamics): 1)
scenarios setting; 2)

The kesho scenarios
framework has been applied
to several East African
landscapes. It has been used
at the national level in
Tanzania to explore
projected land cover change
under climate change
mitigation scenarios business
as usual and green economy
alternatives [45]. It has also
been used to assess the
impacts of climate change
adaptation in farming
communities in the Taita

The kesho framework aims
to apply insights into
environmental change into
land use and land cover
models through engaging
with diverse stakeholders.
However, there are issues in
terms of power dynamics in
multi-stakeholder processes
that need to be considered.
Evaluative steps to assess
the impacts of alternative
scenarios on livelihoods
could also be added to link
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stakeholder-driven Hills, Kenya and Jimma scenarios outputs with
scenario development; 3)  rural area in Ethiopia [12]. poverty alleviation agendas.
modelling; 4) synthesis, Other applications in
feedback and consensus  pastoral systems in the
building. Serengeti and development

corridors in Tanzania are

ongoing.

3.5. New Integrative Framework for Exploring the Dynamic Environmental Sustainability of Livelihoods
(DESL) on Small Islands

Combining insights from the above approaches, we introduce a conceptual framework that
facilitates the integration of community insights into sustainable land use scenarios by drawing
together principles from social-ecological theory and sustainability to help address previous gaps.
We suggest that this framework will help to ensure that local insights are rooted in environmental
sustainability analysis. The central theme of the framework is “environmental sustainability of
livelihoods” on small islands—a water, energy and food nexus is used as the lens for evaluating these
livelihood outcomes (see Figure 1). The framework aims to explore how environmental drivers of
change (for instance climate change, population increase and socioeconomic development) shape
land use and land cover and the associated effects of this on ecosystem functions which support
water, energy and food security. The framework adopts the theory of DS and applies it to the ELS
concept which links ecosystem service flows relating to water, energy and food with livelihood
outcomes [33,38]. In doing so, this new framework enables us to explore the dynamic sustainability
of water, energy and food security under changing conditions. By incorporating a scenario approach,
this framework addresses the inherent uncertainty around long-term socio-ecological dynamics and
enables us to explore and anticipate such dynamics. Using the water, energy and food security lens,
the components of sustainability, as outlined by in the DS framework, are redefined as:

1.  Stability —the security of water, energy and food resources according to availability, access and
quality;

2. Resilience—how response strategies are used to manage perturbations which affect the security
of these resources;

3. Robustness—the extent to which shocks or stresses can be controlled either by grassroots
responses or institutional intervention;

4. Durability —openness of society to endure change, considering the diversity of circumstances
across spatial scales.

The framework incorporates a temporal scale (i.e., past, present, future) for analysing response
strategies; by including a temporal dimension, the evolving nature of social-ecological relationships
and longer-term changes can be better understood. To assess the sustainability of people’s responses,
the framework aims to identify whether such responses are reactive or proactive. When reacting to a
stress or shock ex-post (after an environmental change), there can be an interval of increased
vulnerability which pushes communities to exploit environments to try and meet their basic needs
[14]. For example, drought can result in harvest failure; coastal communities may then intensify
fishing activities to meet food security needs. Alternatively, proactive interventions might be
undertaken, this could increase preparedness and decrease vulnerability. With foresight, a farmer
may choose to invest in an irrigation system to overcome seasonal reductions in rainfall. These styles
of action (i.e., responsive and proactive) are positioned in the framework to show their relation to
temporal aspects (i.e., short-term shocks and long-term changes). In this framing, long-term stresses
are shown to depend on durability and resilience and lean towards proactive response strategies,
whereas shocks rely on robustness within both systems and livelihoods and tend to result in
responsive action to try and maintain stability. The framework ultimately tries to explore how these
styles of action impact on the security of water, energy and food.

The framework also aims to capture some tangible physical changes in land use and land cover
and link them with both drivers and implications of change in relation to water, energy and food
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security; this is especially important when trying to link to scenarios” development outputs. Drivers
of change should be identified by local communities and can be both local and global; they might
include changes in governance, institutions, political, social and economic factors as well as
environmental factors such as climate change. Including the spatial change aspect is important for
visualising future scenarios, as it gives a tangible quantitative outcome that people can use to evaluate
potential water, energy and food security impacts. The explicit connection between drivers of land
use change, spatial implications and livelihood outcomes is something that is missing from many
other frameworks. This framework intends to facilitate the identification of drivers of land use and
land cover change, assess the responses to such change and evaluate the overall implications for
water, energy and food security. In the case of future scenarios development, it could be used to
explore how perceived drivers of environmental change are likely to affect land use and land cover
in the future and to predict the resource security impacts, with consideration to past changes. In both
cases, local knowledge is fundamental to our understanding of the complex social-ecological
processes that shape resource use and ultimately livelihood security.

OF ENVIRONMENT,
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PAST PRESENT FUTURE
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Figure 1. Dynamic environmental sustainability of livelihoods (DESL) framework for exploring how
environmental drivers of change shape land use and how people’s responses to such change shape
the environmental sustainability of local livelihoods on small islands, drawing upon concepts from
dynamic sustainability, environmental livelihood security and kesho frameworks [12,33,38].

This type of framing is particularly relevant for small island contexts, where limited space and
increasing resource demands (often meaning a reliance on imports for food and fuel) result in greater
levels of resource scarcity and, therefore, a greater need for land management planning [30]. Using a
WEF nexus allows for better identification of trade-offs and synergies associated with different
response strategies; these insights could help to identify emerging vulnerabilities and opportunities.
Grassroots strategies for reducing ecosystem degradation from both land use change and climate
change are especially important given that small island communities are highly dependent on
ecosystem services to meet their water energy and food needs [16]. By linking response strategies
with land use and land cover, we are able to better identify the outcomes on such strong interactions.
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Communities living on small islands are particularly likely to experience increased vulnerability as
multiple drivers of change operate across small areas [1,57]. (For instance, population increase
resulting in mangrove deforestation in tangent with sea-level rise, or settlement expansion resulting
in less agricultural land alongside reductions in harvest due to the fact of climate change). As levels
of poverty on small islands in the West Indian Ocean remain high and existing research points to
increased levels of vulnerability to future environmental change (such as sea level rise and natural
disasters) [30], there is a pressing need to explore the sustainability of response strategies in these
strongly affected social-ecological systems. For this to occur, we suggest that there needs to be a more
in-depth understanding of how people attempt to meet their basic needs under changing conditions
and that this should involve exploring perceptions of change alongside response strategies.

4. Application: A Case Study of Zanzibar

In this section, we introduce a summary of a practical application for how the DESL framework
was applied in Zanzibar (the islands of Unguja and Pemba) and evaluate its effectiveness based on
early reflections of research outputs.

4.1. Application of DESL Framework to the Stepwise Scenarios Process in Zanzibar

In this section, we suggest how the conceptual framework might be applied to the scenario’s
development process using an example from Zanzibar (Unguja and Pemba) (see Table 2). The focus
in this integrative framework centres on the environmental sustainability of local livelihoods. We
emphasise the need for scoping work to be undertaken to get an insight into the social and cultural
context, to better understand how people utilise environmental resources to meet basic needs and to
identify shocks and stresses that impact upon on resource security (see Figure 2). This layer of
contextual research helps researchers to be aware of what people feel are the main issues and will
ensure that power dynamics are recognised and workshop planning can be sensitive to these. Scoping
research is vital to projects which rely upon a high degree of interaction and communication with
communities, as it helps to facilitate mutual respect, trust and an understanding of different
viewpoints [58,59]. In Zanzibar, focus groups were undertaken in Pemba and Unguja islands with
village leaders and elders across diverse land use types (peri-urban, coastal, farming, coastal forest
and mature forest). This was done to gain an understanding of how people utilise ecosystem services
to meet water, energy and food needs, identify perceived changes in the security of these resources
and assess how people respond to such changes. Focus groups also provided an opportunity to learn
about familial roles in managing household water, energy and food needs. These discussions helped
to generate a greater understanding of the dynamic sustainability of water, energy and food security
over time which is at the core of the DESL framework.

Table 2. Pathways approach for supporting the integration of local knowledge into problem framing
and scenarios development which supports sustainable land use and land cover management for
effective water, energy and food security. This involves a three-step research approach (i.e., scoping,
community-based workshops and multi-stakeholder scenarios workshops)

Research

Ai
Steps s

Practical Application to Zanzibar Case Study

(1) Obtain an appreciation of the ~ Ten focus groups were undertaken with village

Focus Groups

social and cultural context.

(2) Develop an understanding of
how communities interact with
the environment to meet their
water, energy and food needs.
(3) Learn about perceived shocks
and stresses and their effects on
water, energy and food security,

leaders and elders (both males and females) in ten
villages across Unguja and Pemba with a total of 36
participants. Sites represented diverse land cover
types (peri-urban, coastal forest, mature forest farming
and coastal). Focus groups used semi-structured
interviews and were carried out in Swahili with the
support of a translator. Each interview was recorded
with a dictaphone and lasted around two hours.

Community
Workshops

(1) Explore how land use and
land cover has changed over

Community-based workshops were undertaken across
the same ten sites. Focus group size ranged from
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time, the reasons for such change
and the implications for water,
energy and food security.

(2) Make predictions about key
drivers of change which are
likely to shape land use and land
cover in the future.

(3) Create pathway themes based
on grassroots land use
management suggestions.

twelve to seventeen participants, where gender was
balanced and represented a range of age groups, from
youth to the elderly. In the workshops, participants
produced land use and land cover maps from twenty
years ago to today. They identified changes and
drivers of changes and evaluated impacts on WEF
security. They then made predictions about future
changes and communicated ideas for solutions to
emerging challenges. Workshops were 1 day each and
conducted in Swahili with the support of a translator.

Multi-
Stakeholder
Scenarios
Workshops

(1) Create timelines of land use
and land cover change and
explore interactions with the
prioritised drivers highlighted in
community-based workshops
and water, energy and food
security.

(2) Develop in-depth pathway
narratives to inform future
scenario alternatives based on
themes outlined in community
workshops.

(3) Predict land use and land
cover scenarios under the
different pathway options and
evaluate potential water, energy
and food impacts.

Two one-day scenarios workshops were undertaken,
one in Pemba (44 participants) and one in Unguja (23
participants). Stakeholders involved community
representatives from all ten previous sites along with
members from the following government sectors:
agriculture, forestry, environment, water, energy and
tourism. Two NGO bodies also contributed; these
included: Milele foundation and Wildlife
Conservation Society. In these workshops,
participants created timelines of land use and land
cover change and evaluated impacts on WEF security.
They then developed pathway narratives for
supporting sustainable land use scenarios based on
themes created by communities in earlier workshops.
They predicted likely land use and land cover changes
given each pathway alternative and finally reflected
on the capacity of each framework to meet WEF
needs. Workshops were conducted in Swahili again
with the support of a translator.

ALTERNATIVE

. PATHWAYS FOR
SUSTAINABILITY

ENVIRONMENTALLY

OF LIVELIHOODS

SUSTAINABLE

LIVELIHOODS

Figure 2. Schematic diagram representing the scenarios process using a water, energy and food nexus

approach to explore the sustainability of livelihoods given identified drivers of environmental

change.

Once the scoping work was completed, we carried out local community-based workshops for
problem framing and pathway theme development using the conceptual framework (see Figure 1)
as a guide for the question set and workshop activities. Workshop activities were centred around the

participatory mapping of village areas twenty years previous to the present day, identification of
changes in land use and land cover over these timescales and evaluation of the impacts of change on
water, energy and food security. Attention was paid to social hierarchies and dynamics within local
community settings (including social structures such as village leaders and elders, patriarchal roles
and expectations, the role that age plays, religious standings and education status), and fieldwork
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facilitators encouraged equal participation. Including communities in the problem framing is an
important step in ensuring that the goals and values of key actors are demonstrated in the narrative
[60]. In this case, instead of stakeholders across all levels (institutional and community) investigating
the socio-economic and environmental trajectories of alternate alternative futures (as KESHO was
originally intended) the problem-framing and scenario pathway boundaries were developed by local
communities alone. This helped to address power dynamics related to social hierarchies and
imbalances in education levels [61]. It also increased the agency of local communities in decision
making around alternative futures, ensuring that their perceptions about environmental change and
its implications for water, energy and food security are embedded within the development of future
scenarios.

The final scenarios development stage consisted of multi-stakeholder workshops which invited
experts in water, energy and food sectors, professionals involved in land planning and ecosystem
management and representatives from the local community-led workshops. In this workshop,
groups engaged in discussions about drivers and the implications of change identified by the local
communities and developed scenarios narratives based on the proposed options developed earlier
by local communities. They then moved on to predict the potential spatial implications of the
alternative scenarios by exploring likely land use and land cover changes across spatial scales. This
provided a mechanism for participants to translate their scenarios narratives into quantitative
outputs [12]. Once such predictions were made, participants worked together to evaluate the likely
impact each scenario might have on water, energy and food security. In doing so, groups worked
towards assessing how each scenario manages to support sustainable management of ecosystems
(SDG 15), alleviation of poverty (SDG 1) and increased capacity of vulnerable people to respond to
climate change impacts (SDG 13). This stage of research allowed us to refine the spatial scales at
which alternative drivers of change operate in Pemba and Unguja and to generate quantitative results
about predicted scales of land use change across diverse land cover types, which could be used in
scenarios modelling processes. The participatory approach, combined with the nexus concept,
supported social learning between both communities and professionals as well as among institutions,
which ordinarily work in isolation.

4.2. Early Reflections from the Zanzibar Application of the DESL Framework

Early insights from empirical data collection in Zanzibar (Unguja and Pemba) using the stepwise
process (see Table 2) show that there are increased pressures on ecosystem needs stemming from
population increase, climate change and socio-economic development (especially in relation to
tourism) (see Figure 3); this is indicative of many small islands [1,2,7,8]. Deforestation of mature and
mangrove forests was a major concern in Pemba and Unguja; settlement expansion was another
major land use and land cover change, resulting in deforestation (for both space and timber
resources) and reduced area for agriculture. The increase in tourism on Unguja island had also caused
shifts in the settlement location. Reductions in agricultural land meant subsistence plots were
reduced in size and continuous farming on the same plots was thought to have reduced soil fertility.
It has previously been found that farmers in Zanzibar reduced their fallow periods to try and produce
more crops [16]. Crop rotation (specifically using legumes) is important for improving soil fertility;
therefore, such a response could be considered maladaptive [62]. Reductions in rainfall and extended
periods of drought also led to reductions and failures in crop harvest.

There were several implications for water, energy and food security as a result of land use and
land cover changes. Removal of mangroves coupled with wave over-wash caused groundwater
salinization; this contaminated well water and soils in agricultural plots. Salinization is experienced
in many coastal villages across Pemba and Unguja. The supply of piped water was not equally
distributed across villages meaning there were inequalities relating to water security, although only
occasionally there have been some major disruptions in supply (for instance when Zanzibar
experience a prolonged power cut in 2008). During such disruptions, communities accessing piped
water had to revert to using well water. In some cases, the well water quality had not been maintained
and this led to dysentery. Water quality was also thought to be compromised by inadequate
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wastewater treatment from hoteliers [63]. That said, most communities felt that water security had
increased over the last twenty years with the introduction of piped water.

Reductions in productivity and space for agriculture often meant that households could no
longer meet their food security needs through subsistence farming and had to supplement this with
bought food items, making households more exposed to market fluctuations [20]. Responses to lower
harvests also included reducing meal size, meal frequency or swapping protein sources, such as meat
and fish, for carbohydrates like maize and rice. Food security on small islands typically depends on
the ability of households to purchase imported food [64]. Small island communities” low productive
potential and reliance on food imports makes them vulnerable to food insecurity arising from shocks
and stresses (i.e., reduction in the production of crops due to the fact of extreme weather events,
exposure to spikes in food prices or a fall in wages) [65]. Overall, communities felt that there had been
a slight reduction in food security in the last twenty years with most stating that security was high in
previous years and adequate at present day.

Depletion of firewood sources caused people to either travel further to find quality firewood
(sometimes into other village community forest utilisation areas), use lower quality firewood, use
alternative fuel sources (e.g., coconut palm, sawdust, coconut shells) or buy firewood or charcoal.
Very few people used gas as an alternative fuel source due to the cost. Land shortages and rapid
exhaustion of natural resources left many communities living on small islands vulnerable to energy
insecurity [66]. Considering this long-standing recognition, failure to secure clean energy could be
seen as a policy failure [67]. The reduction in firewood security mainly impacted on women, whose
role it was to collect firewood, as they had to spend more time collecting. Communities across all
study sites agreed that energy security, with regards to firewood, had substantially decreased in the
last twenty years. That said, there is a clear need for energy transitions to take place, considering the
health implications of combustion fuels (i.e., firewood and charcoal) such as respiratory inflammation
(ARI), otitis media, chronic obstructive pulmonary disease (COPD), lung cancer, asthma,
cardiovascular disease, tuberculosis, and increased blood pressure as well as heightened risk of
preeclampsia in pregnant women [67].

Overall, the strategies used to cope with change and achieve a stable supply of resources were
chaotic. Perturbations were often managed ex-post, meaning that people felt a reduction in resource
security before implementing a coping strategy, thereby increasing vulnerability [14]. However, the
resilience of individuals and households was enhanced by the robust community connectedness
between family members and neighbours. Strong social networks and connectedness increased
household’s durability (ability to endure change). Island communities in particular demonstrate a
high degree of resilience through social networks which support collective action, norms of
reciprocity and relations of trust [30]. That said, it was felt that this connectedness had weakened
over time with resource scarcity, meaning people sometimes adopted a more individualistic attitude
when managing perturbations.

There were significant barriers which limited people’s robustness for coping with environmental
change (i.e., grassroots innovations). Poverty reduced people’s capacity to invest in irrigation
technologies and other farming inputs such as fertiliser. It also restricted people’s ability to shift to
other types of fuel such as gas. Lack of education about managing environmental change was
highlighted as a major barrier to adaptation. The enhanced provisioning of clean water meant that
shocks and stresses associated with groundwater salinization were largely buffered, but the
inadequate stability of supply meant that communities were sometimes reverting back to poorer
quality resources [63]. The general shift from subsistence to income-generating livelihoods provided
some protection from harvest failures, as people’s capacity to access imported foods increased.
However, this has altered the movement of people; in Pemba, many communities stated that younger
generations of men moved to Unguja to try and find work; whereas in Unguja, young men relocated
to Stonetown (urban district) or coastal areas in search of work. Internal migration has altered social
structures within communities and, as a result, reduced social cohesion. Employment opportunities
were unstable and people often had to defer livelihood activities (i.e., fishing, farming, construction)
to try and secure an adequate income. Opportunities in the tourism sector were generally low due to
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the lack of language and admin skills; those that worked in tourism generally secured gardening and
housekeeping roles. Coastal communities in Zanzibar are often excluded from tourism sector
employment because of poor education [28].

The participatory future scenario narratives generated centred on three defined pathways: urban
and settlement planning; ecosystem protection and management; education for enhancing capacity
for adaptation. Spatial planning concerned guidelines for how villages were spatially organised and
indicated areas where building should be avoided such as cemeteries (due to the native trees and
spiritual importance). Ecosystem protection and management concerned mature forest and
mangrove forest areas and underlined the importance of community involvement in decision making
and monitoring. Inadequate governance of resources is seen as a major barrier to adaptation [16].
Education needs highlighted focused especially on improving farming methods to overcome climate-
related challenges and productivity issues relating to soil fertility. Low educational attainment and
lack of farming knowledge are significant barriers to adaptation in Zanzibar [16]. There was an
eagerness from communities themselves to become more skilled in forest management and
regeneration. Under all three pathway alternatives, participants thought that water and food security
would increase but that firewood security would decrease due to the mounting pressures. However,
there was some confidence that the provisioning of alternative energy types would improve, and this
would bulffer the effects of firewood insecurity.
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Figure 3. DESL framework outputs for the case study of Zanzibar (islands Unguja and Pemba), highlighting drivers of change, land use changes, implications for water,
energy and food security and the responses utilised to try and achieve resource security.
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5. Discussion: Evaluation of the DESL Framework Application Based on Early Reflections of the
Case Study Application

Despite recent efforts to incorporate both social and environmental systems into
conceptualisations of environmental sustainability, existing frameworks do not always adequately
reflect local understandings of environmental sustainability and local knowledge about
environmental change. There is some progress in rural adaptation but it is insufficient for the
challenges that lie ahead for coastal communities. Essentially, social systems have been brought into
conceptual discussions about environmental sustainability in ways that overlook the knowledge of
those most impacted by climate change. Greater emphasis is needed to understand and put in place
context specific sustainable land use plans that respond to the needs of those communities at the
forefront of future adaptive challenges. This is problematic, as in addition, frequently acting as
custodians of ecosystems, local communities are typically highly dependent on natural resources to
sustain their livelihoods and, therefore, deserve voice and control when decisions about natural
resources are being made [68]. Adaptive actions need to address livelihood, food, water and energy
demands that are context specific. With this in mind, local knowledge and practice should be
considered as the foundation cornerstone for conversations on environmental sustainability and
should inform adaptation responses [54,69]. Whilst it is widely agreed that successful adaptation is
contextually dependent, few studies empirically explore how people perceive and respond to
environmental change in specific cultural contexts [54,70]. As environmental change reshapes social-
ecological relationships, more attention needs to be paid to the sustainability of response strategies
adopted to adapt to such change. Lessons of positive transformations need to be learned and their
potential of being replicated and applied explored. At the centre of these more virtuous response
strategies is the requirement for effective integration of local community insights into research
exploring the effects of change and roots to adaptation.

The DESL framework attempts to facilitate better understandings of how people respond to
environmental change to meet their water, energy and food needs. The framework includes temporal
and spatial dimensions so that the effects of change over time and space can be identified. The DESL
framework can be effective for capturing long-term transitions for how people attain water, energy
and food security. One such observation includes the shift from subsistence to income generating
livelihoods and the resulting move towards purchasing rather than producing food. This shift in food
security acquisition creates a growing reliance on human capital [71]. It is anticipated that declines in
production will continue to reduce the space available for farming and declines in production caused
by climate change, population increase and loss of soil fertility. Other changes included communities
transitioning towards using piped water instead of well water and an increase in people having
electrified energy in their homes.

The results also demonstrated that these transitions are not seamless or linear but highly exposed
to perturbations, meaning that people experience sharp changes in resource security. Therefore, there
is a strong need for responsiveness to change with community connectedness playing a vital role in
supporting peoples’ ability to cope with shocks and stresses. The findings, however, suggested that
resource scarcity and increased movement of people erode social cohesion to some extent. Barriers to
preparedness also need to be addressed; for instance, relating to the lack of weather prediction
information, modern farming skills, rainwater harvesting and irrigation facilities and forest
management skills. The results emphasise the need for strategic planning to protect and enhance
resource security considering increased populations, climate change and socio-economic
development. According the scenarios pathway narratives produced by communities, forest
management, shifts to green, clean energy supplies and enhanced farming education should be
central to such planning to reduce pressure on ecosystems and enhance crop production.

In the development of the DESL framework attention was also paid to how local voices could be
better captured and interrogated into local decision-making processes. Participatory research
methods facilitate the integration of a range of knowledge and provide an opportunity to understand
the environmental and social context and combine different expertise to assess the potential impacts
of shocks and stresses [49]. Multiscale stakeholder engagement has been used in many participatory
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processes in an attempt to synthesise diverse knowledge in sustainability research [58,59]. However,
in the context of future sustainability planning, the framing of the future trajectories is not always
rooted within societal needs but focuses on environmental sustainability. There are many obstacles
which impede the integration of local knowledge into decision-making processes around how to
manage land use and land cover to ensure environmental sustainability. Power dynamics often lead
to bias in decision making processes leading to more marginalised groups making compromises
when developing a consensus [72]. Women have been historically underrepresented in decision-
making processes, especially in traditionally patriarchal societies [73]. There has been a lack of youth
engagement in many decision-making processes around environmental management [74] which has
resulted in the impacts of environmental change on children and the youth being often
underrepresented. Education and literacy inequalities can also skew the balance of power in
participatory processes [75]. Consequently, there is a need for new mechanisms which overcome such
challenges and strengthen the agency of local voices in participatory processes exploring the impacts
of environmental change alongside routes to adaptation.

By applying the DESL model to the stepwise scenarios process and including an in-depth
scoping stage into the study, we were able to reconcile some of the barriers to local knowledge
integration. This was done in part by strengthening the agency of communities in both problem
framing and pathway theme generation in the early parts of the study. The focus groups also enabled
us to learn about social dynamics at household and village levels so that we could carefully plan
questioning styles and activities in the community-based workshops, ensuring all participants had a
role and could be heard. For instance, each participant did their own evaluations of water, energy
and food security and were able to individually rank perceived drivers of change, thereby equalising
power dynamics in consensus building activities. Inviting a range of age groups and genders also
allowed us to assess emerging vulnerabilities and opportunities, as well as social and generational
differences between these.

We found the DESL framework as able to facilitate better understanding of how people are
responding to environmental change and how this shapes social-ecological relationships over time.
However, there are practical considerations that warrant attention; the application of the framework
in the stepwise scenarios process suggested requires long periods of fieldwork to develop contextual
insights and understand the social ecological system that is inherently complex. In Zanzibar, we
found that the separate institutions did not traditionally communicate to form policies across sectors;
therefore, some thought also needs to be given to facilitate such processes in the workshop setting.
Using a nexus approach also requires knowledge and skills that span different fields (in this case,
water, energy and food). Taking such a systematic approach can mean that there is a lack of
interrogation of specific issues relating to each of these factors. In addition, the DESL framework
application to the scenarios process assumes that communities are static and do not move. For
instance, long-term insights of change were required, and there was an assumption that people were
rooted to their environment and invested in planning for its future sustainability. However, this
might be less likely considering the increased movement of people away from their traditional
livelihoods and increased mobility. This application also failed to capture the influence of migrant or
transient groups (i.e., seasonal workers) on land use and land cover despite their dependence on
natural resources to meet basic needs. Finally, though youth were involved in the scenarios planning
procedure, changing aspirations across generations could perhaps be better understood with youth-
centred specific research. We have to recognize differentiated pathways to adaptation that are
dynamic and tailored to different sectors of the population and that traditional population livelihoods
are changing often with multiple pathways in the same geography [71].

5. Conclusion

Nexus thinking is needed to understand multiple types of change and their impacts on
sustainable livelihoods on small islands, specifically due to the unique conditions they face (being
geographically isolated, highly dependent on ecosystem services and facing rapid environmental
change due to the multiple drivers operating across a small area). This review adds to the growing
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body of literature showing that nexus approaches are required to explore environmental
sustainability when facing multiple drivers of change. Where many water, energy and food nexus
approaches fail to integrate community perspectives into narratives around sustainability, we
introduce an integrative conceptual framework which links social-ecological and environmental
sustainability thinking to explore livelihood outcomes under changing conditions on small islands.
This framework emphasizes the importance of exploring adaptation to rapid environmental change
and how these responses reshape social-ecological interactions and ecosystem function and
environmental livelihood security. As these interactions are an evolving process, it is important to
consider these relationships over appropriate temporal and spatial scales in an iterative approach.
This framework can be used to integrate community perspectives into nexus approaches for tackling
sustainability challenges. It has the capacity to increase the agency of local communities within
decision-making processes and centralise poverty alleviation thinking into sustainable land use
planning. We suggest that the framework be used to support local communities to shape problem
framing around environmental change and its impacts on livelihoods within future scenarios
development using the KESHO scenarios approach. The framework was applied to Unguja and
Pemba islands in the Zanzibar Archipelago, and the empirical findings are currently being
developed. Although the framework was created with specific considerations for sustainability
challenges for small islands in the Western Indian Ocean, it could be used in different contexts that
experience constraints in terms of resources and which are highly threatened by global and local
changes that are likely to become more challenging.
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