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Abstract: Social-ecological interactions mediate water–energy–food security in small developing

islands, but community-scale insights are underrepresented in nexus research. These interactions are

dynamic in their response to environmental and anthropogenic pressures and need to be understood

to inform sustainable land use planning into the future. This study centered on bringing together

diverse stakeholders to explore water–energy–food futures using the “Kesho” (meaning “tomorrow”

in Kiswahili) scenario tool for two of the largest islands that comprise the Zanzibar Archipelago. The

methodology comprised four core stages: (1) exploration of how past drivers of change impacted

water–energy–food security; (2) modeling of a Business as Usual Scenario for land cover change;

(3) narrative development to describe alternative futures for 2030 based on themes developed at

the community scale; and (4) predictions about how narratives would shape land cover and its

implications for the nexus. These results were used to model alternate land cover scenarios in TerrSet

IDRISI (v. 18.31) and produce visual representations of expected change. Findings demonstrated

that deforestation, saltwater incursion, and a reduction in permanent waterbodies were projected

by 2030 in a Business as Usual Scenario. Three alternative scenario narratives were developed, these

included Adaptation, Ecosystem Management, and Settlement Planning. The results demonstrate that

the effectiveness of actions under the scenario options differ between the islands, indicating the

importance of understanding the suitability of national policies across considered scales. Synergies

across the alternative scenario narratives also emerged, including integrated approaches for managing

environmental change, community participation in decision making, effective protection of forests,

cultural sensitivity to settlement planning, and poverty alleviation. These synergies could be used to

plan strategic action towards effectively strengthening water–energy–food security in Zanzibar.

Keywords: livelihoods; nexus; climate change; development; ecosystems; western Indian ocean

1. Introduction

The interactions amongst land use, climate, and socio-economic changes impact
the resilience and sustainability of social-ecological systems [1]. In small islands within
the Western Indian Ocean (WIO), shifts in these dynamics have significant impacts on
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livelihoods and resource security—particularly as they are concentrated over smaller spatial
extents [2]. Small islands in this region are undergoing rapid changes related to transitions
to industrial fishing, exploitation of gas and oil, expansion of tourism, and urbanization—all
of which degrade ecosystems and water resources that support local livelihoods [3].

Alongside social changes, climate change poses significant threats to local economies,
many of which are informal. Communities on small islands are vulnerable to impacts
such as rising sea levels, coastal erosion, drought, high wind speeds, erratic rainfall, and
changes in sea temperature and acidity. Climate change also poses a threat to the unique
biodiversity of the WIO, including its coral reefs, seagrasses, and mangroves, which are
vital for coastal protection and supporting marine life [4].

As well as facing more incremental changes associated with climate change, commu-
nities living on small islands are exposed to natural hazards that include heavy rainfall,
droughts, extremely high temperatures, storm surges, cyclones, and tsunamis [5]. All these
pressures impact people and the way they interact with their environment to meet their
needs [6].

There is a growing awareness that in these contexts’ knowledge exchange and inte-
gration of local experience into decision making is key to building adaptive capacity [2].
Participatory scenarios can be used to consider how to manage the causes and consequences
of complex social-ecological challenges, as they offer an opportunity to explore multiple
and interacting pressures alongside effects on livelihoods [1,7,8]. By simulating different
future conditions, scenarios can inform strategies, investments, and plans that are robust
under a range of potential futures [1]. They can also help to pre-empt conflicting agen-
das and prepare for external influences [9–11]. This could support building the adaptive
capacity of communities on small islands in response to social-ecological changes.

In a small island context, a water–energy–food nexus approach is critical for evalu-
ating synergies and trade-offs of different land management decisions, given that they
operate at tight spatial scales and effects can be rapid [12]. The water–energy–food nexus
recognizes that systems are interconnected and interdependent. For example, in coastal
island communities, water is essential for hydropower dams and irrigating agricultural
areas, while energy is needed to pump, desalinate, treat, and distribute water as well as
produce, process, preserve, and transport food [6,12]. Another example is forests and
their role in protecting coastlines from inundation, which results in the salinization of
agricultural soils [13] and available groundwater resources [14].

Analysis of the resource system allows the identification of effective policies for im-
proving adaptive capacity [15,16]. For instance, previous research in Zanzibar identified
solar as an important energy transition to disentangle from expensive dependencies for
electricity from mainland Tanzania and ensure consistent pumping of water [17]. An inte-
grated approach to exploring resource security across sectors could, therefore, potentially
better inform where priorities are set and shifted.

Despite this need, there are a limited number of emergent studies exploring future
options to support a sustainable water–energy–food nexus in small islands [12,18,19]. Even
then, the studies tended to focus on broad system levels and did not capture more in-depth
local interactions. This is an important gap to consider, given that social-ecological changes
have multiple impacts across the water–energy–food nexus.

Considering that several layers of understanding are needed to fully unveil opportu-
nities for addressing sustainability challenges, multiple perspectives from diverse stake-
holders across scales and levels are needed. These include power hierarchies, access to
knowledge and capacity, and can be nested across scales [20,21]. This would improve not
only the feasibility and validity but also the uptake and concreteness of scenarios [22,23].
By positioning future scenarios around the water–energy–food security nexus, this study
attempts to ensure that discussions respond appropriately to local needs.

The purpose of this research was to create scenario alternatives to address actual and
emerging challenges for water–energy–food security experienced by local communities in
a small island context. There were four core objectives: (1) to explore how key drivers of
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change operate spatially and temporally; (2) to develop a model for land cover change in
a Business as Usual scenario for 2030 based on community-based insights; (3) to develop
coherent and tangible scenario narratives using alternative themes generated by commu-
nities, Ecosystem Management, Adaptation, and Settlement Planning; and (4) to model land
cover implications of alternative scenarios for water–energy–food security towards 2030.

Findings show that drivers of change might change the land cover and its potential
impact on the water–energy–food nexus under alternative scenario trajectories. They also
unveil alignments in strategic areas of focus for responding to and preparing for change
across scenario narratives. Consequently, results could be used to help inform planned
action towards local, regional, and national poverty alleviation and sustainability agendas.

2. Methods

2.1. Study Area

Zanzibar, a semi-autonomous territory that forms a political union with mainland
Tanzania, is an archipelago in the Indian Ocean (Figure 1). Zanzibar’s population stands
at 1,889,773 [24]. Most of this population growth has been in urban areas, with growing
disparities in welfare between the islands of Pemba and Unguja. Poverty levels based on
household consumption stand at 25.7% [25].
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Members of each of these communities were included as stakeholders in this study. Coordinates

provided by the Department of Renewable and Non-Renewable Resources, Zanzibar. Pemba sites

include villages: (1) Mji Mpya, (2) Macho Mane, (3) Mfikiwa, (4) Pujini, and (5) Chumbageni. Unguja

sites include villages: (6) Kinyasini, (7) Pongwe, (8) Kizimbani, (9) Pete, and (10) Jambiani Kikadini.

The islands have a humid tropical monsoon climate with 1600–1900 mm annual
rainfall and an average annual temperature of 27.5 ◦C [27]. There are four main seasons:
“kaskazi” (hot season) between December and February; “masika” (long rainy season)
between March and May; “kipupwe” (cold season with high winds) between June and
September; and “vuli” (short rains) between October and December. However, climate
variability is changing these more predictable patterns [28].

Key livelihoods include farming, fishing, and seaweed aquaculture [29]. The islands
are experiencing fast rates of change, stimulated by population growth, migration, urban-
ization, tourism, and increased land demand for agriculture and forestry products [30].
Tourism contributed 29.2% of the 2022 GDP and resulted in investment in key services. For
some villages, high levels of tourism have resulted in the loss of access to beaches and the
sea, which has resulted in a loss of livelihoods [31].

Freshwater lenses above saltwater are the main freshwater sources in Zanzibar. Only
24% of rainwater is captured into groundwater, as approximately 44% evaporates and 32%
is surface runoff [32]. Only 1.3% is captured for domestic and irrigation purposes through
rainwater harvesting and remains underutilized on the island [33]. Recent research has
indicated that groundwater abstraction in Unguja Island is higher than the rate of recharge.
This means that groundwater is overexploited and exposed to pollution and saltwater
intrusion [34]. Seasonal imbalances occur during the dry season when recharge is at its
lowest, but abstraction rates are at their highest due to demands from tourism [34,35].
Saltwater intrusion is already widespread due to the pumping of groundwater from coastal
aquifers [36]. Water is abstracted from springs and caves and supplied to communities
through pipelines and public taps [35].

Zanzibar’s electric grid is reliant on hydroelectricity generated on mainland Tanzania,
which is carried through two underwater cables, one with a capacity of 100 megawatts to
Unguja and another 25-megawatt cable to Pemba island [12]. Each island has substations to
redistribute this electricity with significant wattage loss [17]. Demand for electricity is set to
exceed the cable capacity in the next few years, with development outpacing capacity [17].
Because Zanzibar’s electricity is generated in Tanzania, ZECO, the Zanzibari electrical
distributor, pays the Tanzania Electric Supply Company (TANESCO, Tanzania’s electrical
provider) each month for the megawattage received [17]. To lessen the reliance on Tanzania
for energy needs, Zanzibar has set a target of using 30% local renewables by 2030 [17].

Food security is a major issue in Zanzibar, with approximately 65% of households
experiencing poor food consumption and 32% being severely food insecure [37]. Many
households in Zanzibar depend upon subsistence activities, such as fishing and farming, to
meet their food needs and are highly exposed to food insecurity because of stressors such
as climate change alongside increased food demands from tourism [38].

2.2. Research Approach

The approach for research was based on principles outlined by a scenario analysis
tool called “Kesho” (meaning “tomorrow” in Kiswahili) [39]. Kesho provides a structured
framework allowing the participation of diverse stakeholders across scales to connect their
insights directly into land cover modeling. The method has been applied in the Southern
Agricultural Growth Corridor Kilombero, southwest Tanzania [23], in the Serengeti Land-
scape on pastoral transitions [1], to assess natural capital in Tanzania [40] and evaluate
mountain social-ecological system transitions in Kenya and Ethiopia [41].

In the case of this research, the objectives of working towards water–energy–food
security were developed through ethnographic research and confirmed after focus groups
with village leaders and elders (number of participants (n) = 40). Transcripts and field notes
of these discussions were inductively coded, and emergent themes were used to guide the
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rest of the research process [6]. Boundary conditions were spatially set to island level in
Unguja and Pemba and temporally to 2030 to coincide with the 17 Sustainable Development
Goals and the first-time horizon for Zanzibar’s Development Vision for 2050 [42].

In the second stage, which took place from April to August 2019, scenario themes were
co-developed by communities in community-based workshops in ten villages across the
two islands (n = 142) (see Table 1). Communities went through a process of identifying key
drivers of change and the impacts of land cover change on water, energy, and food. They
made predictions for how drivers might contribute to challenges for water–energy–food
security in the future. They then suggested several strategies that would be used to mediate
these issues. The clustering and prioritization of these strategies lead to three core themes
to frame future scenarios: Ecosystem Management, Adaptation, and Settlement Planning [13].

Table 1. Community workshop locations for the pre multi-stakeholder workshop preparation [13].

Locations represent diverse land cover types across both islands. The first five locations are on Pemba

Island, and the last five locations are on Unguja Island.

Island Workshop Group Location Main Land Cover Type Represented

Pemba Macho Mane Peri-urban
Mfikiwa Commercial farming

Pujini Commercial farming and mangrove cover
Chumbageni Coastal area with mangrove cover and some tourism

Mji Mpya Protected forest

Unguja Jambiani Kikadini Coastal with high levels of tourism
Pongwe Coastal with medium levels of tourism and some mangrove cover

Kinyasini Peri-urban and commercial farming
Kizimbani Commercial farming (spice farming)

Pete Protected forest reserve and mangrove cover

The third phase, the focus of this article, involved scenario modeling, starting with
land cover modeling of a Business as Usual scenario based on insights from the community-
based workshops to inform variable section for causes of land cover change [13]. This
was followed by two multistakeholder scenario workshops, which took place in October
2019 and involved both expert stakeholders and community representatives (n = 67).
Stakeholders created narratives for alternative sustainable scenarios andpredicted how
each of the alternative scenarios would alter land cover and the impact this might have on
water–energy–food security for 2030. Land cover predictions made by participants were
modeled to create spatially explicit visualizations of the scenarios centered on stakeholder
perspectives.

2.3. Participant Selection

Two full-day scenario workshops were undertaken with local stakeholder participants,
three Kiswahili-speaking facilitators, and the author, one in Macho Mane Pemba (n = 44)
and one in Stonetown Unguja (n = 23). Stakeholders involved community representatives
from all ten previous sites (one man, one woman, and the “Sheha” (village leader)). These
stakeholders had been originally recruited by each village leader across the village sam-
ple sites to represent a diversity of ages, genders, and occupations. In each community
workshop, participants selected two representatives to advocate for their views in the
multi-stakeholder scenarios.

Members from Zanzibar’s agriculture, forestry, environment, water, energy, and
tourism departments attended alongside two non-governmental organizations, Milele
Foundation (a sustainable livelihood organization) and Wildlife Conservation Society.
These stakeholders were recruited through the support of fieldwork facilitators based at
the Department of Forestry and Renewable and Non-Renewable Resources in Zanzibar.

At the Pemba workshop, 37% of the participants were women, and 63% were men. In
the Unguja workshop, 48% of the participants were women, and 52% were men. This was
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achieved by specifying to community leaders and ministries that we were aiming for equal
gender representation. At the village level, three out of ten village leaders were women,
suggesting a move to more equal participation of women in leadership roles.

The participants were split into three working groups in each scenario workshop.
These were organized to mix both community representatives and representatives from
institutions together. Three Kiswahili-speaking facilitators supported the groups through-
out the day, assisting those who were unable to read or write and explaining activity
instructions.

All facilitators had undergone a one-day training with the lead author during the
week preceding the workshops to become familiar with the workshop activities. During
this training, the need to identify participant needs and encourage participation across age,
gender, and background was discussed. Facilitators were asked to keep a record of any
imbalances in contributions that they became aware of during the workshops.

2.4. Water–Energy–Food Context

Timelines were produced in which drivers of land use and land cover change influenc-
ing water–energy–food were identified from 40 years ago to the present day. Participants
were asked to consider environmental, social, environmental, technical, and political drivers
of change to avoid sectoral biases. The timeline was used on a horizontal axis, and on the
vertical axis, trends in water–energy–food security were drawn. Each group discussed how
the events on the timeline contributed to these trends and made notes on points made.

2.5. Spatial Mapping of Drivers

Groups reflected on the scale at which different drivers of change might be felt across
the island (Unguja or Pemba) by 2030. Each group was given a blank map which just
detailed “Shehia” (ward) boundaries. Group one colored and labeled areas in the island
(Pemba or Unguja) where population growth would be highest and explained why. Group
two did the same for climate change, and group three for socio-economic development.

2.6. Scenario Narrative Development

The third activity focused on the development of three alternate pathway trajectories
based on themes that emerged during community-based scenario planning [13]. Group
one explored improving the adaptive capacity of communities, group two focused on
the protection and regeneration of ecosystems (including places of cultural and spiritual
importance), and group three discussed sustainable settlement planning (summarized as
Adaption, Ecosystem Management and Settlement Planning).

Participants were asked to describe what the islands would look like, how different
elements interact, and what the day-to-day implications might be. These scenarios con-
sidered drivers that were both impactful and uncertain. Narratives were plausible and
internally consistent, even when exploring extreme or unlikely futures. Each group had
several guiding questions to prompt discussion (see Table S1).

2.7. Land Cover Change Predictions

Once pathway narratives were created, participants were asked to reflect on how
pathways might influence land use and land cover by 2030. These included predictions of
land cover conversions, the possible percentage change, and the likelihood of this occurring
on a scale of 0 (not possible) to 4 (very likely), alongside explanations of where such change
might occur. Participants were given a range of photographs of land cover types taken
from the relevant island and land cover maps for Zanzibar from 2019 as guides.

Next, participants were then asked to reflect on how much land use or land cover
change might impact livelihood aspects, including water, energy, food, health, and shelter
(health and shelter added by participant request) on a scale from extremely positive to
extremely negative for the year 2030.
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3. Land Cover Modelling

3.1. Business as Usual Scenario

To model land use and land cover changes in a Business as Usual scenario, baseline
temporal scope was defined for 2015 and 2017, and a future prediction for the year 2030.
Land cover predictions for the 2030 baseline scenarios were produced using the Land Cover
Modeler in the TerrSet Package of IDRISI (v. 18.31). Towo land cover maps for the years
2015 and 2017 were used as a baseline reference for change. Land cover maps obtained
from Copernicus Global Land Service were used at a raster resolution of 100 m [43]. Land
cover classes were modified in accordance with the local community and expert knowledge
of the area. Change analysis was then applied to calculate transitions between land cover
types (see Table S2 and Figure S1).

Transitions were grouped into four sub-models for Unguja and three sub-models in
Pemba based on the learned understanding of drivers of land cover change developed
through community-based workshops [13]. Within the transition sub-model structure,
eleven independent spatial variables were included to potentially explain spatial changes
in land cover; and included elevation, slope, distance from nearest protected areas, distance
from the sea, distance from nearest roads, distance from settlements, distance from closed
forest, distance from wetlands, distance from built-up areas, and soil composition (see
Table S3). A Boolean layer was used to calculate the relative frequency of pixels that have
undergone change, i.e., the evidence likelihood transformation [44]. Transitions of less than
250 pixels were excluded from the model to improve model accuracy (see Tables S4 and S5).

Multi-layer perceptron (MLP) analysis was then performed to calibrate each sub-
model using dynamic learning rates. MLP analysis predicts the potential of a pixel to
transition based on the explanatory power of the selected independent spatial variables.
MLP then develops a model based on samples of pixels that went through the different
transitions shown in the sub-model alongside samples that were eligible for transition but
did not change [45,46]. Finally, Markov chain analysis was used to analyze the 2015 and
2017 land cover images and produce a transition probability matrix, transition areas matrix,
and conditional probability images for the specified future date of 2030 [47].

Because the transitions to the built-up land class were few between 2015 and 2017, it
was impossible to model this adequately using the MLP analysis. As settlement expansion
and increased tourism infrastructure came up as major themes for land use and land
cover change in earlier scoping research, it was decided that this needed to be sufficiently
reflected in the baseline maps to provide a benchmark of potential change for the year
2030 [6]. Therefore, the transition to built-up land cover was projected separately and
added to the BAU land cover maps (see Table S6).

Other Kesho applications explored the Business as Usual scenario in tangent to sus-
tainable alternatives during the workshop process [1,23,40,41]. In this case, the Business
as Usual model was created using insights from community-based insights [13] and then
used as a reference point for predicting land cover change in other scenarios (i.e., “30%
less built up transitions than a BAU scenario”). This was decided so that collaboration
and co-creation amongst diverse stakeholders could focus on solutions and how to work
towards positive outcomes.

3.2. Alternative Scenario Modelling

The next step involved spatially allocating land cover changes for each scenario al-
ternative based on the perceptions, likelihood, and location of change identified during
workshops. Boolean constraint maps were produced using the Reclass function in the
TerrSet Package of IDRISI (v. 18.31) using perceptions of predicted land cover transitions.
Spatial decision variable maps were created in ArcMap to include specific areas or con-
ditions where change might occur. Additional variables that could affect the location of
transitions were derived from both previous research employing scoping focus groups and
community-based workshops [6,13] as well as wider literature [17,28,29,48].
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A fuzzy module was used to convert all the decision variables into factor weights
from 0 to 1. Within the fuzzy module, the parameters of each variable (i.e., monotonically
increasing or decreasing) were specified. Using the Multi Criteria Evaluation module,
the weight of influence of each decision variable was calculated based on the authors’
understanding of the area.

The Multi-Objective Land Allocation (MOLA) function was then used to select the
most spatially viable parcels of land for predicted transitions based on both the Boolean
maps and likelihood indicators specified by communities. Within the MOLA function, the
likelihood of change is area demand predictions specified by stakeholders were applied
when calculating the objective weight of each land cover transition. The resultant spatial
allocation maps were brought into ArcMap to model land cover for 2030 under each sce-
nario using the conditional function in the spatial analyst toolbox (see Tables S7–S12). Land
classes were simplified with the guidance of the Department of Forestry and Renewable
and Non-Renewable resources to reflect local understandings of land cover types (see
Tables S13–S15).

4. Results

4.1. Past Influences on Water–Energy–Food

In both islands there were several interrelated factors that caused land use and land
cover changes, and ultimately affected water–energy–food security in the last 40 years.
Participants detailed events that mediated the wider context in which the nexus operated;
they also made specific links between their perceptions of water–energy–food and the
events on their timelines, which are summarised below (Figure 2a,b).

In accompanying timeline notes, Pemba participants wrote that from the year 2000:

“Water has raised due to strong electric power and the strengthening of the water supply
projects” (Pemba, October 2019).

They also stated that food security was variable due to drought, floods, and inflation
of imports seen from 1970 to the 1990s. Moreover, fuelwood supplies became increasingly
degraded due to poor planning for road and building developments, excavation for water
and electricity infrastructure, quarries for aggregates to make blocks for new buildings,
and the creation of salt pools between 1990 and the 2000s.

In parallel to this, from the 2000s onwards, in Pemba, agriculture, trade, tourism,
and urbanization were perceived to increase income and provide alternative routes for
attaining water–energy–food security. Formal institutions and legal instruments were also
introduced to inform land planning, which was thought to improve the sustainability
of land use. However, from 2005 onwards, climate change, decreased soil fertility, and
degradation of the natural environment hindered further improvements in nexus outcomes.

In Unguja, since the 2000s, participants commented that energy needs changed with
the increase in trade and manufacturing, which saw greater electricity provision. Also,
from the 2000s onwards, water supplies were thought to have become “more modern” as
people transitioned from well water to piped water through the addition of new water
infrastructure.

It was further mentioned that there was a lack of knowledge about water sanitation
in the past and that greater awareness has helped to promote improvements. It was
recognized that land shortages put pressure on farmers to increase yields, which led to a
focus from the government to introduce inputs such as fertilizers and pesticides. Such land
shortages also led to land conflicts and deforestation. Environmental degradation from
2005 was thought to have greatly reduced fuelwood supply (Figure 3a,b).
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4.2. Spatial Distribution of Drivers of Change

Three key drivers of change were identified in community-based workshops held
before the multi-stakeholder workshops: population increase through both migration
and internal migration, socio-economic development, and climate change [13]. In the
community-based workshops, participants focused on their locality, so to understand these
at the island scale, participants were asked to code areas of impact from low to high.

In Pemba, population increase from internal movement and economic migration
focused on urban centers, areas with natural capital for tourism, adequate land, productive
fishing, or access to the port. Socio-economic development was expected in areas adjacent
to existing urban centers, around the fishing port, and in specific sites of greater natural
capital that could attract tourism. Both were thought to contribute to deforestation:

“Increase in population leads to scarcity of land for settlement and forest area decreases.
Road constructions leads to disappearance of forest and people’s settlement” (Unguja,
October 2019).

Climate change impacts were predicted in specific coastal areas where flooding events
have been experienced previously or where there were greater levels of deforestation.
Interestingly, stakeholders graded climate change impacts as medium intensity rather than
high due to ongoing mitigation in place, including afforestation of mangroves, construction
of seawalls, establishment of community forests, increased awareness, and enforcement of
forest regulations (Figure 4a).

, x FOR PEER REVIEW 12 of 
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) Pemba drivers; ( ) Unguja drivers. Population increase refers to internal migration, 
development is associated with socio economic factors and climate encompasses sea level rise, se-
vere weather events and climate variability. Participants colored maps with their predictions and 
made notes to explain any specific connections. For development in Unguja, participants also pre-
dicted socio economic development on one of the islets, circled in red. 
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notes to explain any specific connections. For development in Unguja, participants also predicted

socio-economic development on one of the islets, circled in red.

Conversely, in Unguja, population increase from economic migration was expected to
be more intense in the north and south coastal zones, areas that already experience high
levels of tourism. This was thought to extend across the north-west coast, as coastal zones
have been steadily developed for tourism infrastructure alongside other development
projects. Development, on the other hand, was predicted to increase on the east coast
in areas with current low levels of tourism. This was because of the establishment of
development projects initiated as part of the Zanzibar Investment Promotion Authority
(ZIPA) zones.

Unlike Pemba, where climate change impacts were predicted to be quite concentrated
in certain places, participants in Unguja expressed concerns about the high intensity of
pressures associated with wave overwash and salination of water wells across the entire
coastal zone, due to deforestation on the coastline and frequent flooding (Figure 4b).

4.3. Alternative Scenario Narratives

Scenario narratives were summarised and written in Kiswahili by participants and
then later translated into English (Table 2). There are some interesting commonalities
between the three alternate scenarios. For instance, all scenarios recognize that sustain-
ability requires an integrated response, social change, and poverty reduction. As such,
water–energy–food impacts were often indirect and related to economic factors. One group
explained that:
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Table 2. Pathway narratives for 2030 scenarios based on themes generated from community-based

workshops. Narratives are based on the translation of written narratives produced by subgroups in

the multi-stakeholder workshops.

Scenario Narrative Unguja Narrative Pemba

Adaption

Adaptive capacity is enhanced through education
and training across three key areas:

entrepreneurship, cooperative group establishment,
and community development projects. Such training
recognizes how needs change over temporal scales
and explores resource scarcity across spatial scales.
This requires a coordinated response from a wide
range of stakeholders across government sectors,

development organizations, and private companies.
To support this scenario, government bodies would

review policies, laws, and guidance.

This scenario builds on existing innovative efforts to
provide new ways to obtain income and encourage
entrepreneurship and community environmental

education. Existing barriers to adaptation are addressed
through acknowledgment of the impact of poverty on

readiness. Communities and individuals are now
empowered to make changes to livelihoods to improve
their outcomes. Education for communities is practical
and involves multiple stakeholders across government

sectors, NGOs, and community-based organizations.
Policy between the health, education, and agriculture

sectors is joined up to support adaptive capacity.

Ecosystem
management

Natural forests are protected in small islands,
wetlands, and areas supporting water reserves via

gazettement involving communities from the
beginning. To support this process, policies that

connect land, forests, and fisheries are put in place,
combined with continual awareness campaigns. Due
to poverty and the current dependence on natural

forests, efforts are made to ensure access to
alternative resources and livelihoods.

This scenario emphasizes a multi-stakeholder response
to strengthen laws around conservation, environmental
education, and suitable land use planning. To conserve
natural forests and water bodies, governing bodies have

a broad overview of driving factors, such as
development activities, population increase, lack of
education, and poverty. Initiatives are underway to

address how entrenched beliefs and traditional practices
influence communities’ motivation to change.

Settlement
planning

This scenario focuses on youth employment,
industry, and local investments. A national land use

plan is developed, which considers settlement
planning guidance and how economic growth

relating to tourism coincides with settlements. This
should be developed and supported by a

coordinated team across sectors relating to land and
settlements. Sanitation is continually improved

through better access to cleaning facilities (i.e., waste
management, sewage systems, and recycling

facilities).

Settlements experience substantive changes associated
with the growth of industries of agriculture, tourism,
and extraction of gas and oil. This results in increased

employment, business opportunities, community
service, and infrastructure improvements. Spatially,

land planning considers these impacts by enforcing the
recommendations of environmental impact assessments

and encouraging multi-story homes to make efficient
use of the space available. Concurrently, this scenario
protects customs, traditions, and norms for people in
Zanzibar -to avoid disintegration, security challenges,

and lifestyles. Cooperation between stakeholders, such
as government, institutions, and civil society, is

important to navigate the transitions appropriately.

“Land is the resource which contributes much in improving people’s income through
economic activities like agriculture, industries as well as investment in tourism” (Unguja,
October 2019).

Education through continual engagement of communities was seen as important
for protecting forests and improving adaptive capacity. Settlement planning scenarios
emphasized the need to plan for how economic transitions relating to tourism might
socially impact communities.

But there were also calls for political attention to be given to certain actions; in Unguja,
participants stated that:

“We beg the government for industries and investments in the country. We beg the
government to improve cleaning facilities in our villages. The government should ensure
employment for the youth” (Unguja, October 2019).

Whereas in Pemba, participants called upon the government to

“Follow up the implementation of the policies and rules on urban planning” (Pemba,
October 2019).
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This indicates that thought needs to go not only into policy creation according to needs
but also into how that policy can be acted upon in a meaningful way.

4.4. Business as Usual and Alternative Scenario Modelling

Land cover modeling drew out the strong linkages between forests across the water–
energy–food nexus. In Pemba, land cover transitions to forested wetlands occurred in
the coastal fringes. In Unguja, transitions to wetland forest occurred on slow-draining
soils further inland. This indicates that transitions to forested wetlands are not likely to
be associated with reforestation but with flooding existing forest spaces through coastal
flooding and heavy rainfall.

Deforestation was expected across all scenarios. For Pemba, the highest occurrence of
deforestation (across natural forests) occurred in the Business as Usual scenario, followed by
Settlement Planning, Adaption, and Ecosystem Management. Unsurprisingly, the Ecosystem
Management scenario, which had the lowest expected rates of deforestation, was the only
scenario that did not reduce permanent waterbody cover.

For Unguja, the highest rates for deforestation were seen in the Business as Usual
scenario, but this was followed by Ecosystem Management, Settlement Planning, and then
Adaption. The Adaptation scenario also saw the lowest amount of losses for permanent
waterbodies.

In Pemba, the Adaptation and Ecosystem Management scenarios included the expansion
of cropland, whereas Settlement Planning involved more plantation forests. In Unguja,
cropland expansion was not demonstrated in the alternative scenarios, however there was
a focus on plantation forest expansion in both the Ecosystem Management and Settlement
Planning scenarios (see Figures 5a,b and 6a,b and Table 3).

Table 3. Predicted land cover change for the Business as Usual Scenario and the three alternative

scenarios (S1—Adaption; S2—Ecosystem management; S3—Settlement planning). The Business as Usual

scenario in Pemba predicted sea level rise and encroachment onto land. The Ecosystem Management

scenario in Unguja predicted a slight reduction in seaward extent due to mangrove reforestation.

Pemba Unguja

Land classes
2019
(ha)

BAU
(ha)

S1 (ha) S2 (ha) S3 (ha) 2019 (ha)
BAU
(ha)

S1 (ha) S2 (ha)
S3

(ha)

Shrubland 2.2 1.1 1.6 1.1 1.6 2.5 1.8 2.4 1.9 2.0

Cropland 1.4 1.7 1.5 1.8 1.4 1.1 1.1 1.0 1.0 1.0

Built up 0.8 0.9 0.9 0.8 0.8 2.3 2.4 2.4 2.4 2.4

Bare sparse vegetation 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0

Permanent water bodies 0.4 0.0 0.2 0.2 0.4 0.4 0.1 0.3 0.2 0.2

Forested wetland 4.8 8.9 5.4 5.4 5.4 3.5 8.4 4.2 5.0 5.0

Natural forest 21.5 17.8 20.9 21.2 20.4 36.3 32.3 35.8 35.4 35.5

Plantation forest 1.0 1.0 1.0 1.0 1.3 3.2 3.2 3.2 3.2 3.1

Sea (gains and losses) - 0.5 - - - - - - -0.2 -
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4.5. Overall Impacts of Scenarios on Water–Energy–Food

Considering the overall water–energy–food evaluation for each scenario, the Settle-
ment Planning scenario for Pemba came out as the most effective at supporting resource
security. In Unguja, the overall mean for water–energy–food evaluation was similar, but
the Ecosystem Management scenario was predicted to support water–energy–food security
most effectively (Table 4).

Table 4. Evaluation of how each scenario will impact livelihood aspects, starting with water, energy

and food, and additional concerns, health, and shelter, by request of the participants on a scale of −4,

very bad, to 4, very good.

Water Electricity Gas Firewood Food Health Shelter

Pemba Adaption 1 2 1 −1 1 1 1

Ecosystem Management 0 0 1 −1 0 1 1

Settlement Planning 2 3 1 −1 0 1 1

Unguja Adaption 2 3 3 1 3 3 2

Ecosystem Management 4 3 2 2 3 3 2

Settlement Planning 4 3 1 −1 3 3 1

Across nearly all the scenarios, except for the Adaption and Ecosystem Management
scenario for Unguja, the security of fuelwood supplies was thought to likely reduce. Partic-
ipants in Pemba explained that:

“Clean and affordable energy seems to be weak due to large number of people using
firewood which is its affordable and accessible” (Pemba, October 2019).

Participants predicted that as fuelwood supplies become more unsustainable, other
forms of energy use (predominantly gas) would increase. At the same time, barriers to its
accessibility were mentioned:

“Gas energy is not strong due to lack of awareness among the community as well as the
high price” (Pemba, October 2019).

Participants conveyed a wish to protect forests for ecosystem benefits, including
coastal protection, air quality, and soil structure. But they also recognized the challenge this
posed for meeting their needs for energy, construction, and extraction of other non-wood
resources, such as medicinal plants.

In Unguja, the Ecosystem Management and Settlement Planning scenarios both predicted
high levels of water security despite the loss of permanent waterbodies shown in the land
cover predictions. This potentially arises from an assumption that positive improvements
would continue from witnessing the previous introduction of water infrastructure. There
could also be a disconnect in understanding the extreme pressures regarding over-extraction
and lack of foresight about climate change impacts.

When evaluating the overall effectiveness of the alternative scenarios to meet resource
needs, participants felt it was important to consider health and shelter due to the implicit
effects resource changes have on these two factors.

5. Discussion

The Business as Usual scenario gives a strong indication that saltwater incursion is likely
to increase, as well as flooding of inland spaces where soil composition and land use do not
promote adequate infiltration. Alongside this, the spatial analysis shows deforestation and
a likely reduction in permanent water bodies. This aligns with previous research, indicating
that small WIO islands face serious freshwater shortages resulting from environmental
change and deforestation [49]. These risks are then often compounded by social factors such
as inadequate funding for adequate water infrastructure, inequality of access, and rapid
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changes to watersheds and groundwater [48]. Although all alternative scenarios envisaged
some continued deforestation of natural forests, some were more effective than others in
mediating this. As well as pointing out areas of concern, scenarios offer an insight into
where cropland expansion or plantation forest could take place, which could strengthen
water–energy–food security.

By bringing together diverse stakeholders, scenarios provide more holistic evalua-
tion strategies to secure water–energy–food into the future [1]. While no one scenario
offered an ideal set of solutions for addressing environmental challenges and meeting
water–energy–food security, several cross-cutting themes for future planning that support
resource security became apparent. These included integrated approaches for managing
environmental change, community participation in decision-making, effective protection
of forests, cultural sensitivity to settlement planning and development, and poverty allevia-
tion. Because of these emergent alignments, this discussion will focus on examining how
scenarios could support strategic action toward water–energy–food security, and, more
broadly, the 17 Sustainable Development Goals. Although the scenarios did not explore
beyond the 2030 time horizon, they offer insights that can contribute to the achievement of
Zanzibar’s Development Vision for 2050 towards their 2030 targets [42] and wider agendas
for sustainable land management, such as the African Agenda for 2063 [50].

5.1. Integrated Planning across Sectors

Within workshops, participants emphasized the value of the cross-cutting nexus
government approach, which explicitly facilitates cross-linking between water–energy–food
issues. This aligns with recommendations from the most recent SDG progress report, which
state that “epistemic communities need to reflect the diversity of society, and their interactions
will need to be far more multi-directional and multi-disciplinary, so they can effectively address
complex and interlinked challenges and goals” (p. 91) [51]. Zanzibar’s 2050 Development Vision
also sets out to develop linkages across all sectors [42]. More generally, wider research
states that an integrated approach for water–energy–food is seen as essential for future
security [52]. Efforts should, therefore, pay attention to how meaningful collaboration
happens.

Supporting collaborative practices across sectors might require the designation of
specific roles to identify overlapping areas of interest where different groups might be
able to contribute more integratively [53]. Resourcing aimed at cross-sector working
groups might also be needed to stimulate more coherent action. Further to this, multi-
and trans-disciplinary action requires critical reflections on power distribution and ac-
countabilities [54]. Consequently, reflexivity is needed to surface participants’ positionality
(including their values and beliefs) and challenge underlying assumptions and power
relations [55,56]. This can provide a more accurate and nuanced understanding of the
impacts of actions undertaken and avoid a culture of silence where fundamental issues
remain unresolved [57].

5.2. Community Participation in Decision Making

Participants advocated for participation in decision making. Integrating bottom-up
experiences of all segments of populations and subnational identities into policy decision
making has been shown to result in tangible synergistic solutions that are actionable [58]
and key for the delivery of the SDGs [51]. While horizontal linkages for cohered responses
to change can be enabled through common peer-to-peer understanding, vertical dialogues
connecting experience to policy are often limited [59]. Moreover, while community-level
insights are often acknowledged as important to developing a holistic understanding of
complex issues, they are not drawn upon directly but through advocates such as NGOs, as
in the case of the development of Zanzibar’s 2050 vision [42]. This said, there is a movement
towards people-focused processes for development; for example, the Africa 2063 vision
outlines key stakeholder groups for consultation, including women and youth [50].
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Specific to this research focus, there is an increasing awareness that social-ecological
understandings for water–energy–food systems are missing in nexus analysis, which risks
inadequate management [60,61]. But for effective elicitation, attention needs to be given
to what prevents effective participation [20,21,62,63]. For instance, communities may
lack trust in authorities due to past experiences of exploitation or broken promises. This
mistrust can lead to reluctance to participate in new initiatives. Self-esteem, capacity, gender
dynamics, and differences in education can also impact the dynamics and communication
in participatory methods [21].

In this study, preparatory work was carried out at the community level to inform
the framing of the multi-stakeholder workshops to try to enhance agency. Nonetheless,
there were still barriers to participation in the multi-stakeholder workshops, which could
have influenced the results. These were predominantly around differences in literacy and
education, which affected the confidence of individuals to participate. Facilitators were
aware of and mediated these challenges through supportive discussion and confidence
building around the value of insights from community perspectives. But, this observation
serves as a reminder that there can still be an imbalance of community voice representation
even when represented in multi-stakeholder workshops.

5.3. Protection of Remaining Forests

Scenario narratives advocated for more regulation and protection of forests, especially
those known to play a critical role in protecting coastlines from rising sea levels and the
increased frequency of severe storms [64]. Key elements in this regard include restoring
natural barriers like mangroves, which can help protect against erosion and flooding,
as well as creating buffer zones and regulating coastal development and construction
away from high water marks [65,66]. Awareness campaigns and education around certain
themes, such as deforestation, were highlighted as central to aligning communities to
land use policies. For instance, previous research in Zanzibar found that education about
the ecological links between mangrove ecosystems and resources such as fish was key to
obtaining management support [67].

Concurrently, it was recognized that alternative energy provision interventions are
needed so that people are not adversely affected by restricted access to forest resources,
which they depend on for energy needs [68]. As part of the Zanzibar Vision for 2050, there
is a focus on extracting offshore oil and gas, which has tensions with international goals for
reducing the use of fossil fuels [69]. Transitioning to gas usage for cooking also ultimately
depends on people’s capacity to afford this as a fuel source.

There are broader links to energy that need to be considered within energy security
transitions. Zanzibar’s strong dependence on mainland Tanzania remains a constraint to
development as demand is expected to exceed cable capacity within the next few years due
to the introduction of new hotels [17]. Lack of energy results in frequent power cuts and
water extraction and supply challenges. There is also a constant tension between Zanzibar
and TANESCO (Tanzania’s electrical provider) because of excessive unpaid electricity bills,
resulting in threats to cut off power supply [17]. This would have extremely negative
implications for the provision of water, which depends upon electricity for pumping.

Renewable energy has some capacity to reshape energy relationships and enhance
resilience. For instance, ZAWA (Zanzibar’s water authority) has begun installing solar
water pumps [17]. Solar is viewed as a more feasible alternative for households who cannot
afford to connect their homes to the national grid. When this research was conducted,
connection costs were variable, and the onus for expanding electric infrastructure was
placed on the user. Since then, ZENCO (Zanzibar’s electricity provider) has announced a
flat rate of 200,000 TSH (around 85 USD). While this is a fairer approach, it is still out of
reach to many citizens. As a result, solar remains a more viable option, especially for those
without land ownership, as it is an investment that could be relocated.
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5.4. Centralising Community Needs in Planning

Findings revealed a need for more consideration of diverse needs to design the most
effective use of the space. Whilst there is an acknowledgment of unplanned settlements
and challenges regarding poor sanitation and energy infrastructure, Zanzibar’s 2050 Vision
plans do not yet explicitly address this, especially in rural areas. At present, there is
a limited understanding of how the built environment impacts the water–energy–food
nexus [70]. Houses in rural settlements are mostly built without formal planning and are
socially constructed in relation to how people organize their lives [71]. More interrogation
is needed to explore how the current nature of settlements aligns with opportunities for
strengthening water–energy–food security, but also how it might constrain it.

What also came through within the research process was the concern that participants
had about development trajectories in terms of their suitability with social values and
livelihoods. There was a strong advocation for settlements to have a degree of separation
from tourism centers. Given that tourism is a vital part of Zanzibar’s economy, it is essential
to implement sustainable tourism practices that do not adversely affect the vital ecosystems
or cultural heritage that local communities value [72,73]. At present, the benefits of tourism
are not distributed amongst the local communities. Conversely, they have seen a reduction
in quality and availability, increases in the price of locally caught fish, and conflicts with
coastal zone use [31,38,72].

Looking forward, there are also several considerations that need to be made to improve
community resilience to outlined drivers. Improved drainage systems, erosion control
measures, and construction of infrastructure that is resilient to climate change impacts will
be key in adapting to and mitigating the impacts of environmental changes [8]. Building
guidelines should be revised to encourage the construction of energy-efficient buildings,
incorporating renewable energy sources such as solar and wind power, thereby reducing
dependency on non-renewable energy and forest products. Green infrastructure spaces and
rain gardens could also aid in water management, improve water and air quality, provide
local space for food production, and mitigate urban heat island effects [8].

5.5. Poverty Alleviation

Communities further sought to harness opportunities to strengthen their livelihood
outcomes and, in turn, water–energy–food security. There was a call for more support for
entrepreneurship, which could also see Zanzibari’s connection to tourism-related opportu-
nities. There was also a demand for adopting more innovation, for instance, in the farming
sector. Community development, together with education, was also seen as important for
stimulating skills and broadening opportunities from urban to rural communities. Further
to this, there were ideas around how communities could organize themselves to develop co-
operatives, which might stimulate funding streams for development activities. Zanzibar’s
Development Plan for 2050 has a strong focus on diverse income opportunities and seeks to
stimulate opportunities across agriculture, finance, trade, tourism, blue economy, creative
and digital, and oil and gas sectors [42]. It also seeks to create better links between tourism
and local produce as well as support training to increase people’s capabilities to enter the
workforce [42]. More in-depth planning is needed to ensure people can harness potential
opportunities through subsidized training programs and advisory groups to connect local
people to employment opportunities.

5.6. Limitations

Whilst findings contribute to understanding how land cover change could impact
water-energy-food security in Zanzibar, there are limitations to the research. Firtsly, the
Business as Usual scenario modeling used land cover maps over a close time series to project
land cover changes for the future. It would be more suitable to analyze changes over a
longer time interval, but this was not available at the time of analysis. The Business as
Usual map, alongside the alternative scenario maps, should not be interpreted as accurate
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representations of the future but as comparative visuals of alternative approaches for
managing drivers of change into the future to guide decision making.

Moreover, though there was a concerted effort to bring together diverse stakeholders, it
is worth reflecting on who was not involved. For instance, migratory groups from the Masai
Mara periodically travel to and from Zanzibar for work during the high tourism season.
They interact with the landscape to meet their needs and, therefore, have an influence
on the nexus—but were not included in visioning for the future. Similarly, international
migrants who have settled in Zanzibar were not involved but often have an impact on land
cover through building or tourism-related business.

Moreover, while efforts were made to reduce bias for the sampling of participants by
setting out specific guidance for the recruitment, there is some likely bias evident in the
results in using village leaders as gatekeepers. For instance, a likely over-representation of
the current political party.

Finally, ideally, all stakeholders should have had the opportunity to give feedback on
the results and further modify the land cover maps. In this case, it was not possible due to
the global pandemic in 2020.

5.7. Future Considerations

Though the research process was able to draw out planning approaches that could
support water–energy–food security through the mediation of drivers of change, there was
no one set of solutions that completely addressed resource challenges, and deforestation
was still expected to occur to some extent across all the scenarios modeled.

Whilst scenario methodologies are useful for working with the future and challenging
assumptions behind societal patterns, they can be seen as limited as they tend to focus on
plausible futures. This can mean that they don’t always sufficiently challenge systematic
failures that might require more transformative change [74]. This study focused on 2030,
but having a longer time horizon could help participants explore more ambitious interven-
tions, but at the same time, it means working with greater uncertainty. Future research
could valuably employ more “pathways”-type future approaches such as Three Horizons,
working with local participants to collectively envision their desired futures and creatively
identify necessary actions for supporting transformation [74].

Another consideration here is the lack of consideration towards global influences when
exploring water–energy–food security to local land use. Communities in small islands are
net importers of food and, therefore, are highly exposed to food price spikes [75]. While
subsistence farming is an important aspect of meeting food needs, climate change, land
use competition, and poor soil fertility contribute to reduced yield [76]. Though results are
useful for building a picture of place-based water–energy–food security understandings,
there is a need to capture global influences and their impacts across these more local scales.
This might be achieved by involving trade, geopolitical, and global conservation experts in
the workshop dialogues.

Further work is also needed to explore the wider implications of informal migrant
settlements and the social-ecological interactions of migrations within the water–energy–
food nexus. Unplanned urban sprawl from both local populations and migrant settlements
can lead to expansions into natural environments or agricultural land, as in the case of
Chuini Zanzibar [77]. Social-ecological relationships underpinning water–energy–food
security might be especially precarious for migrant populations because of land tenure
insecurity. For instance, those renting property or land can be more reluctant to invest
in infrastructure such as electricity because they could be forced to move [17]. Therefore,
what might be happening is a divergent set of social-ecological relationships for migrant
populations compared with Zanzibari communities. These need to be understood so that
they can be captured in future scenarios.
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6. Conclusions

As communities in small islands within the Western Indian Ocean have strong social-
ecological relationships within the water–energy–food nexus, they are well-positioned to
explain the implications of different types of pressures and how this mediates these relation-
ships. This study provides an example of how community insights can be integrated with
active decision makers to evaluate the impact of alternative interventions more effectively.
Findings reveal important understandings with regard to where drivers of change might
most impact water–energy–food security and offer socially acceptable interventions to
mediate such.

Results could inform near-term land use planning that can enhance climate-resilient
rural livelihoods, better conservation outcomes, and sustainable tourism development.
Specific policy recommendations arising from this work include: (1) focusing conservation
and forest regeneration efforts around areas predicting a loss in permanent water bodies;
(2) working with communities and hoteliers to reforest coastlines to provide protective
buffers against storm surges at a landscape scale; (3) invest in solar infrastructure for
water pumps to limit disruptions in supply caused power outages; (4) actively support the
establishment of woodlots for producing fuelwood at scale, while also investing in long
term sustainable energy transitions; (5) a focus on local enterprise and the development of
skills to harness emergent opportunities; and (6) enhance adaptive capacity of communities
through training in innovative agricultural methods.

As well as more specific policy outcomes, the results from the study also advise on
processes for how policy decisions should arise, with community involvement and integra-
tion between sectors being key. Enhanced participation from communities at the onset of
landscape planning was thought to provide a better opportunity for protecting community
values and culture. Productive discourse and co-development of strategic action involving
relevant organizations were thought to be important for increasing Zanzibar’s capacity to
support better water–energy–food outcomes.

Understandings from communities and experts about social-ecological interactions
within the water–energy–food nexus also indicate that scenario alternatives would operate
differently for the different islands, demonstrating the importance of understanding the
social, environmental, and economic contexts and how they might connect to national
policies.

Supplementary Materials: The following supporting information can be downloaded at https:

//www.mdpi.com/article/10.3390/land13020195/s1, Figure S1. Map of Unguja and Pemba islands

and land use and land cover for the year 2019 (when fieldwork was conducted); Figure S2. Pemba;

Figure S3. Unguja; Table S1. Guiding questions for scenario narrative formation in Pemba and Unguja

multistakeholder workshops; Table S2. Land cover class descriptions used in initial modelling process

(note these were later simplified further); Table S3. The data sources for variable land cover modelling;

Table S4. Sub model details for transition potential maps explaining land cover change between

2015 and 2017 in Unguja; Table S5. Sub model details for transition potential maps explaining

land cover change between 2015 and 2017 in Pemba; Table S6. Area of built up land cover class;

Table S7. Modelling conditions for the adaptive capacity scenario in Pemba. Likelihood of land

transition ranges from 1 (least likely) to 4 (most likely). Relationship of the influencing variables to

the pattern of transition described as monotonically increasing (the further away from the variable

the more likely the transition), monotonically decreasing (the further away the variable is the less

likely the transition); Table S8. Modelling conditions for the adaptive capacity scenario in Unguja.

Likelihood of land transition ranges from 1 (least likely) to 4 (most likely). Relationship of the

influencing variables to the pattern of transition described as monotonically increasing (the further

away from the variable the more likely the transition), monotonically decreasing (the further away

the variable is the less likely the transition); Table S9. Modelling conditions for the ecosystem

management scenario for Pemba. Likelihood of land transition ranges from 1 (least likely) to

4 (most likely). Relationship of the influencing variables to the pattern of transition described

as monotonically increasing (the further away from the variable the more likely the transition),

monotonically decreasing (the further away the variable is the less likely the transition); Table S10.
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Modelling conditions for the ecosystem management scenario in Unguja. Likelihood of land transition

ranges from 1 (least likely) to 4 (most likely). Relationship of the influencing variables to the pattern of

transition described as monotonically increasing (the further away from the variable the more likely

the transition), monotonically decreasing (the further away the variable is the less likely the transition);

Table S11. Modelling conditions for the settlement planning scenario in Pemba. Likelihood of land

transition ranges from 1 (least likely) to 4 (most likely). Relationship of the influencing variables to

the pattern of transition described as monotonically increasing (the further away from the variable

the more likely the transition), monotonically decreasing (the further away the variable is the less

likely the transition); Table S12. Modelling conditions for the settlement planning scenario in Unguja.

Likelihood of land transition ranges from 1 (least likely) to 4 (most likely). Relationship of the

influencing variables to the pattern of transition described as monotonically increasing (the further

away from the variable the more likely the transition), monotonically decreasing (the further away

the variable is the less likely the transition); Table S13. Percentage differences in land cover area

between the present day actual land cover and the predicted values for the BAU scenario for 2030

in Pemba; Table S14. Percentage differences in land cover area between the present day actual land

cover and the predicted values for the BAU scenario for 2030 in Unguja; Table S15. Details of land

cover consolidation for final map images and calculations.

Author Contributions: Conceptualisation by R.J.S.N., R.A.M., C.E., A.Y.N., T.A.H., C.C., J.P.R.T.,

C.J.C.-M., R.W.K., S.J.B., I.F. and E.S.O. Data collection R.J.S.N., A.Y.N. and T.A.H. and analysis by

R.J.S.N. Writing by R.J.S.N. Editing R.J.S.N., J.P.R.T., C.E., C.J.C.-M. and R.A.M. Supervision by C.E

and R.A.M. All authors have read and agreed to the published version of the manuscript.

Funding: This document has been produced with the financial assistance of the Economic and social

research council (Grant no. Economic and Social Research Council: ES/J500215/1) as well as the

European Union (Grant no. DCI-PANAF/2020/420-028), through the African Research Initiative for

Scientific Excellence (ARISE), pilot programme. ARISE is implemented by the African Academy of

Sciences with support from the European Commission and the African Union Commission.

Data Availability Statement: Land cover maps are available by email request to Rebecca J. S. Newman

at rebecca.newman@york.ac.uk.

Acknowledgments: Special thanks to the Department of Forestry and Renewable and Non-Renewable

Resources in Zanzibar, which supported this project. Thanks to all those stakeholders who con-

tributed, from communities, government sectors, and non-governmental organizations in Zanzibar.

Thanks also to the reviewers whose thoughtful feedback helped to improve the contribution of this

paper.

Conflicts of Interest: Authors can confirm there are no conflicts of interest with regards to this

publication.

References

1. Kariuki, R.W.; Capitani, C.; Munishi, L.K.; Shoemaker, A.; Courtney, C.J.; William, N.; Lane, P.J.; Marchant, R. Serengeti’s futures:

Exploring land use and land cover change scenarios to craft pathways for meeting conservation and development goals. Front.

Conserv. Sci. 2022, 3, 920143. [CrossRef]

2. Poti, M.; Hugé, J.; Shanker, K.; Koedam, N.; Dahdouh-Guebas, F. Learning from small islands in the Western Indian Ocean (WIO):

A systematic review of responses to environmental change. Ocean Coast. Manag. 2022, 227, 106268. [CrossRef]

3. Laffoley, D.; Baxter, J.M.; Hassoun, A.E.R.; Spalding, M.; Osborn, D.; Oliver, J.; Andrew, T.G. Towards a western Indian Ocean

regional ocean acidification action plan. In Workshop Report; IUCN: Gland, Switzerland, 2020; 29p.

4. IPCC. Climate Change 2022: Impacts, Adaption, and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the

Intergovernmental Panel on Climate Change; Pörtner, H.-O., Roberts, D.C., Tignor, M., Poloczanska, E.S., Mintenbeck, K., Alegría, A.,

Craig, M., Langsdorf, S., Löschke, S., Möller, V., et al., Eds.; Cambridge University Press: Cambridge, UK; New York, NY, USA,

2022; 3056p. [CrossRef]

5. Mycoo, M.M.; Wairiu, D.; Campbell, V.; Duvat, Y.; Golbuu, S.; Maharaj, J.; Nalau, P.; Nunn, J.; Pinnegar, J.; Warrick, O.; et al.

Small Islands. In Climate Change 2022: Impacts, Adaption, and Vulnerability. Contribution of Working Group II to the Sixth Assessment

Report of the Intergovernmental Panel on Climate Change; Pörtner, H.-O., Roberts, D.C., Tignor, M., Poloczanska, E.S., Mintenbeck, K.,

Alegría, A., Craig, M., Langsdorf, S., Löschke, S., Möller, V., et al., Eds.; Cambridge University Press: Cambridge, UK, 2022.

6. Newman, R.J.S.; Thorn, J.P.R.; Haji, T.A.; Nchimbi, A.Y.; Musa, I.; Enns, C.; Marchant, R.A. A people-centred framework for

exploring water-energy-food security in a small developing island. Popul. Environ. 2023, 45, 14. [CrossRef]



Land 2024, 13, 195 24 of 26

7. Marchant, R. Using the Past to Chart Future Pathways? In East Africa’s Human Environment Interactions; Palgrave Macmillan:

Cham, Switzerland, 2021. [CrossRef]

8. Thorn, J.P.R.; Klein, J.A.; Steger, C.E.; Hopping, K.A.; Capitani, C.; Tucker, C.M.; Reid, R.S.; Marchant, R. Scenario archetypes

reveal risks and opportunities for mountain futures. Glob. Environ. Chang. 2021, 69, 102291. [CrossRef]

9. Haasnoot, M.; Kwakkel, J.H.; Walker, W.E.; ter Maat, J. Dynamic adaptive policy pathways: A method for crafting robust decisions

for a deeply uncertain world. Glob. Environ. Chang. 2013, 23, 485–498. [CrossRef]

10. Hermans, L.M.; Haasnoot, M.; ter Maat, J.; Kwakkel, J.H. Designing monitoring arrangements for collaborative learning about

adaption pathways. Environ. Sci. Policy 2017, 69, 29–38. [CrossRef]

11. Lavorel, S.; Colloff, M.J.; Locatelli, B.; Gorddard, R.; Prober, S.M.; Gabillet, M.; Devaux, C.; Laforgue, D.; Peyrache-Gadeau, V.

Mustering the power of ecosystems for adaption to climate change. Environ. Sci. Policy 2019, 92, 87–97. [CrossRef]

12. Winters, Z.S.; Crisman, T.L.; Dumke, D.T. Sustainability of the Water-Energy-Food Nexus in Caribbean Small Island Developing

States. Water 2022, 14, 322. [CrossRef]

13. Newman, R.J.S.; Capitani, C.; Haji, T.A.; Nchimbi, A.Y.; Enna, C.; Marchant, R. Community-based scenario’s framework for

supporting water, energy, and food security in Zanzibar. Sustain. Sci. 2024. [CrossRef]

14. Barbier, E.B. Valuing the storm protection service of estuarine and coastal ecosystems. Ecosyst. Serv. 2015, 11, 32–38. [CrossRef]

15. Kurian, M. The water-energy-food nexus. Environ. Sci. Policy 2017, 68, 97–106. [CrossRef]

16. Mpandeli, S.; Naidoo, D.; Mabhaudhi, T.; Nhemachena, C.; Nhamo, L.; Liphadzi, S.; Hlahla, S.; Modi, A.T. Climate Change

Adaption through the Water-Energy-Food Nexus in Southern Africa. Int. J. Environ. Res. Public Health 2018, 15, 2306. [CrossRef]

[PubMed]

17. Dean, E. The “Department of Human Needs”: Renewable energy and the water–energy–land nexus in Zanzibar. Econ. Anthropol.

2023, 10, 246–255. [CrossRef]

18. Martin del Campo, F.; Singh, S.; Mijts, E. The resource (in)sufficiency of the Caribbean: Analysing socio-metabolic risks (SMR) of

water, energy, and food. Front. Clim. 2023, 5, 1085740. [CrossRef]

19. Crisman, T.L.; Winters, Z.S. Caribbean small island developing states must incorporate water quality and quantity in adaptive

management of the water-energy-food nexus. Front. Environ. Sci. 2023, 11, 1212552. [CrossRef]

20. Cleaver, F. The inequality of social capital and the reproduction of chronic poverty. World Dev. 2005, 33, 893–906. [CrossRef]

21. Gustavsson, M.; Lindström, L.; Jiddawi, N.S.; de la Torre-Castro, M. Procedural and distributive justice in a community-based

managed Marine Protected Area in Zanzibar, Tanzania. Mar. Policy 2014, 46, 91–100. [CrossRef]

22. Saito, O.; Kamiyama, C.; Hashimoto, S.; Matsui, T.; Shoyama, K.; Kabaya, K.; Uetake, T.; Taki, H.; Ishikawa, Y.; Matsushita, K.;

et al. Co-design of national-scale future scenarios in Japan to predict and assess natural capital and ecosystem services. Sustain.

Sci. 2018, 14, 5–21. [CrossRef]

23. Thorn, J.P.R.; Wijesinghe, A.; Tam, C.; Nakei, J.B.; Magesa, R.; Mbwambo, L.; Mtega, G.; Marchant, R. Kesho Mpya (New Tomorrow):

Envisioning a Sustainable Future for the Southern Agricultural Growth Corridor of Tanzania (SAGCOT); UNEP-WCMC, SAGCOT:

Cambridge, UK; Dar es Salaam, Tanzania, 2022. Available online: https://developmentcorridors.org/wp-content/uploads/2021

/12/SAGCOT-Brochure.pdf (accessed on 15 December 2023).

24. Office of the Chief Government Statistician Zanzibar (OCGS). Zanzibar Socio Economic Survey 2022; Preliminary Statistical Report;

OCGS: Zanzibar, Tanzania, 2023.

25. World Bank. Towards a More Inclusive Zanzibar Economy: Zanzibar Poverty Assessment 2022; World Bank: Washington, DC, USA,

2022. Available online: https://documents1.worldbank.org/curated/en/099755011022231706/pdf/P1753400df8a05024081030

7f8599187b46.pdf (accessed on 1 December 2023).

26. Leclair, M. Aquaculture and Marine Conservation: Case Study of Zanzibar. 2020. Available online: https://www.iucn.org/sites/

dev/files/content/documents/zanzibar_case_study_2020.pdf (accessed on 2 July 2022).

27. Department of Environment (DoE). The Status of Zanzibar Coastal Resources—Towards the Development of Integrated Coastal Manage-

ment Strategies and Action Plan; The Zanzibar Revolutionary Government: Zanzibar, Tanzania, 2009.

28. Makame, M.O.; Shackleton, S. Perceptions of climate variability and change in relation to observed data among two east coast

communities in Zanzibar, East Africa. Clim. Dev. 2019, 12, 801–813. [CrossRef]

29. Suckall, N.; Tompkins, E.; Stringer, L. Identifying trade-offs between adaptation, mitigation and development in community

responses to climate and socio-economic stresses: Evidence from Zanzibar, Tanzania. Appl. Geogr. 2014, 46, 111–121. [CrossRef]

30. Kukkonen, M.; Käyhkö, N. Spatio-temporal analysis of forest changes in contrasting land use regimes of Zanzibar, Tanzania.

Appl. Geogr. 2014, 55, 193–202. [CrossRef]

31. Lange, G.M. Tourism in Zanzibar: Incentives for sustainable management of the coastal environment. Ecosyst. Serv. 2015, 11, 5–11.

[CrossRef]

32. Haji, H.S. Water Balance Assessment in Unguja Island, Zanzibar, Tanzania; Faculty of Geo-Information and Earth Observation (ITC),

University of Twente: Enschede, The Netherlands, 2010.

33. The Revolutionary Government of Zanzibar. An Assessment of Rainwater harvesting Potential in Zanzibar. 2007. Available

online: https://apps.worldagroforestry.org/downloads/O1E_Assessment_of_Rainwater_harvesting_Potential_in_Zanzibar.pdf

(accessed on 3 September 2020).



Land 2024, 13, 195 25 of 26

34. Pembe-Ali, Z.; Mwamila, T.B.; Lufingo, M.; Gwenzi, W.; Marwa, J.; Rwiza, M.J.; Lugodisha, I.; Qi, Q.; Noubactep, C. Application

of the Kilimanjaro Concept in Reversing Seawater Intrusion and Securing Water Supply in Zanzibar, Tanzania. Water 2021, 13,

2085. [CrossRef]

35. Gössling, S. The consequences of tourism for sustainable water use on a tropical island: Zanzibar, Tanzania. J. Environ. Manag.

2001, 61, 179–191. [CrossRef] [PubMed]

36. Mato, R.A. Groundwater quality degradation due to saltwater intrusion in Zanzibar Municipality. Afr. J. Environ. Sci. Technol.

2015, 9, 734–740. [CrossRef]

37. Nyangasa, M.A.; Buck, C.; Kelm, S.; Sheikh, M.; Hebestreit, A. Exploring Food Access and Sociodemographic Correlates of Food

Consumption and Food Insecurity in Zanzibari Households. Int. J. Environ. Res. Public Health 2019, 16, 1557. [CrossRef] [PubMed]

38. Makame, O.M.; Richard, Y.M.K.; Layla, A.S. Climate change and household food insecurity among fishing communities in the

eastern coast of Zanzibar. J. Dev. Agric. Econ. 2015, 7, 131–142. [CrossRef]

39. Capitani, C.; Marchant, R. KESHO: A Participatory Scenario Modelling Tool. 2019. Available online: http://www.real-project.eu/

wp-content/uploads/2019/05/KESHO_English-1.pdf (accessed on 20 January 2024).

40. Capitani, C.; Garedew, W.; Mitiku, A.; Berecha, G.; Hailu, B.T.; Heiskanen, J.; Hurskainen, P.; Platts, P.J.; Siljander, M.; Pinard,

F.; et al. Views from two mountains: Exploring climate change impacts on traditional farming communities of Eastern Africa

highlands through participatory scenarios. Sustain. Sci. 2019, 14, 191–203. [CrossRef]

41. Capitani, C.; Van Soesbergen, A.; Mukama, K.; Malugu, I.; Mbilinyi, B.; Chamuya, N.; Kempen, B.; Malimbwi, R.; Mant, R.;

Munishi, P.; et al. Scenarios of land use and land cover change and their multiple impacts on natural capital in Tanzania. Environ.

Conserv. 2019, 46, 17–24. [CrossRef]

42. Zanzibar Planning Commission. Zanzibar Development Vision 2050. 2020, pp. 1–86. Available online: https://zarip.planningznz.

go.tz/handle/123456789/18 (accessed on 4 November 2023).

43. Buchhorn, M.; Smets, B.; Bertels, L.; De Roo, B.; Lesiv, M.; Tsendbazar, N.E.; Linlin, L.; Tarko, A. Copernicus Global Land Service:

Land Cover 100 m: Version 3 Globe 2015–2019: Product User Manual; Zenodo: Geneve, Switzerland, September 2020. [CrossRef]

44. Clark Labs. TerrSet Help System; Clark University: Worcester, MA, USA, 2017.

45. Civco, D.L. Artificial neural networks for land cover classification and mapping. Int. J. Geogr. Inf. Syst. 1993, 7, 173–186. [CrossRef]

46. Sangermano, F.; Eastman, J.R.; Zhu, H. Similarity weighted instance based learning for the generation of transition potentials in

land change modeling. Trans. GIS 2010, 14, 569–580. [CrossRef]

47. Takada, T.; Miyamoto, A.; Hasegawa, S.F. Derivation of a yearly transition probability matrix for land-use dynamics and its

applications, Landsc. Ecol. 2010, 25, 561–572.

48. Makame, M.O.; Kangalawe, R.Y.M. Water Security and Local People Sensitivity to Climate Variability and Change among Coastal

Communities in Zanzibar. J. Sustain. Dev. 2018, 11, 23. [CrossRef]

49. Comte, J.-C.; Cassidy, R.; Obando, J.; Robins, N.; Ibrahim, K.; Melchioly, S.; Mjemah, I.; Shauri, H.; Bourhane, A.; Mohamed, I.;

et al. Challenges in groundwater resource management in coastal aquifers of East Africa: Investigations and lessons learnt in the

Comoros Islands, Kenya, and Tanzania. J. Hydrol. Reg. Stud. 2016, 5, 179–199. [CrossRef]

50. DeGhetto, K.; Gray, J.R.; Kiggundu, M.N. The African Union’s Agenda 2063: Aspirations, challenges, and opportunities for

management research. Afr. J. Manag. 2016, 2, 93–116. [CrossRef]

51. United Nations. Global Sustainable Development Report. 2023. Available online: https://sdgs.un.org/sites/default/files/2023-0

9/FINAL%20GSDR%202023-Digital%20-110923_1.pdf (accessed on 15 December 2023).

52. Daher, B.T.; Mohtar, R.H. Water–energy–food (WEF) Nexus Tool 2.0: Guiding integrative resource planning and decision-making.

In Sustainability in the Water Energy Food Nexus; Routledge: Abingdon, UK, 2017.

53. Oborn, E.; Dawson, S. Knowledge and practice in multidisciplinary teams: Struggle, accommodation, and privilege. Hum. Relat.

2010, 63, 1835–1857. [CrossRef]

54. Comeau-Vallée, M.; Langley, A. The Interplay of Inter- and Intraprofessional Boundary Work in Multidisciplinary Teams. Organ.

Stud. 2019, 41, 017084061984802. [CrossRef]

55. Bilella, P.R.; Mulder, S.S.; Zaveri, S. To Be or Not to Be an Evaluator for Transformational Change: Perspectives from the Global

South. In Transformational Evaluation for the Global Crises of Our Times; Van den Berg, R.D., Magro, C., Adrien, M.-H., Eds.; IDEAS:

Bloomington, MN, USA, 2021; pp. 157–175.

56. Gates, E.F.; Page, G.; Crespo, J.M.; Oporto, M.N.; Bohórquez, J. Ethics of evaluation for socio-ecological transformation: Case-based

critical systems analysis of motivation, power, expertise, and legitimacy. Evaluation 2023, 29, 23–49. [CrossRef]

57. Fetterman, D. Transformative empowerment evaluation and freirean pedagogy: Alignment with an emancipatory tradition. New

Dir. Eval. 2017, 2017, 111–126. [CrossRef]

58. Pereira, L.; Asrar, G.R.; Bhargava, R.; Fisher, L.H.; Hsu, A.; Jabbour, J.; Nel, J.; Selomane, O.; Sitas, N.; Trisos, C.; et al. Grounding

global environmental assessments through bottom-up futures based on local practices and perspectives. Sustain. Sci. 2021, 16,

1907–1922. [CrossRef]

59. Pittore, K.; Debons, P. Operationalizing Food System Governance: The Case of Fort Portal Food Change Lab. Sustainability 2023,

15, 3527. [CrossRef]

60. Yung, L.; Louder, E.; Gallagher, L.A.; Jones, K.; Wyborn, C. How Methods for Navigating Uncertainty Connect Science and Policy

at the Water-Energy-Food Nexus. Front. Environ. Sci. 2019, 7, 37. [CrossRef]



Land 2024, 13, 195 26 of 26

61. Hibbett, E.; Rushforth, R.R.; Roberts, E.; Ryan, S.M.; Pfeiffer, K.; Bloom, N.E.; Ruddell, B.L. Citizen-Led Community Innovation

for Food Energy Water Nexus Resilience. Front. Environ. Sci. 2020, 8, 571614. [CrossRef]

62. Cleaver, F. Paradoxes of participation: Questioning participatory approaches to development. J. Int. Dev. 1999, 11, 597–612.

[CrossRef]

63. Brown, G.; Kyttä, M. Key issues and priorities in participatory mapping: Toward integration or increased specialization? Appl.

Geogr. 2018, 95, 1–8. [CrossRef]

64. Chunga, D.D. Including Stakeholder’s Perspectives on Mangrove Ecosystems Degradation and Restoration to Support Blue

Carbon in Jozani-Chwaka Bay National Park, Zanzibar. Master’s Thesis, World Maritime University, Malmö, Sweden, 2023;

pp. 1–17. Available online: https://storage.googleapis.com/dissertations/2023/OSGM_2023_CHUNGA.pdf (accessed on 7

November 2023).

65. Monga, E.; Mangora, M.M.; Trettin, C.C. Impact of mangrove planting on forest biomass carbon and other structural attributes in

the Rufiji Delta, Tanzania. Glob. Ecol. Conserv. 2022, 35, e02100. [CrossRef]

66. Nyangoko, B.P.; Berg, H.; Mangora, M.M.; Shalli, M.S.; Gullström, M. Community perceptions of climate change and ecosystem-

based adaptation in the mangrove ecosystem of the Rufiji Delta, Tanzania. Clim. Dev. 2022, 14, 896–908. [CrossRef]

67. Shunula, J. Public awareness, key to mangrove management and conservation: The case of Zanzibar. Trees 2001, 16, 209–212.

[CrossRef]

68. Okello, J.A.; Alati, V.M.; Kodikara, S.; Kairo, J.; Dahdouh-Guebas, F.; Koedam, N. The status of Mtwapa Creek mangroves as

perceived by the local communities. West. Indian Ocean J. Mar. Sci. 2019, 18, 67. [CrossRef]

69. UNFCCC. Conference of the Parties Serving as the Meeting of the Parties to the Paris Agreement, Fifth Session: First Global

Stocktake. United Nations Framework Convention on Climate Change, Dubai. 2023. Available online: https://unfccc.int/sites/

default/files/resource/cma2023_L17_adv.pdf (accessed on 14 November 2023).

70. Heard, B.R.; Miller, S.A.; Liang, S.; Xu, M. Emerging challenges and opportunities for the food–energy–water nexus in urban

systems. Curr. Opin. Chem. Eng. 2017, 17, 48–53. [CrossRef]

71. Myers, G.A. Social construction of peri-urban places and alternative planning in Zanzibar. Afr. Aff. 2010, 109, 575–595. [CrossRef]

72. De Jong Cleyndert, G.; Newman, R.J.S.; Cuni-Sanchez, A.; Marchant, R. Adaption of Seaweed Farmers in Zanzibar to the Impacts

of Climate Change. In African Handbook of Climate Change Adaptation; Springer: Cham, Switzerland, 2021; pp. 3–28. [CrossRef]

73. Baloch, Q.B.; Shah, S.N.; Iqbal, N.; Sheeraz, M.; Asadullah, M.; Mahar, S.; Khan, A.U. Impact of tourism development upon

environmental sustainability: A suggested framework for sustainable ecotourism. Environ. Sci. Pollut. Res. 2023, 30, 5917–5930.

[CrossRef] [PubMed]

74. Sharpe, B.; Hodgson, A.; Leicester, G.; Lyon, A.; Fazey, I. Three horizons: A pathways practice for transformation. Ecol. Soc. 2016,

21, 47. [CrossRef]

75. Connell, J.; Lowitt, K.; Saint Ville, A.; Hickey, G.M. Food Security and Sovereignty in Small Island Developing States: Contem-

porary Crises and Challenges. In Food Security in Small Island States; Connell, J., Lowitt, K., Eds.; Springer: Singapore, 2020.

[CrossRef]

76. Paddock, J.; Smith, A. What role for trade in food security? Insights from a small island archipelago. J. Peasant Stud. 2018, 45,

368–388. [CrossRef]

77. Suomela, M. Developing an Informal Settlement into a Resilient Urban Centre in Zanzibar, Tanzania. Master’s Thesis, Aalto

University, Espoo, Finland, 2019; pp. 1–184. Available online: https://aaltodoc.aalto.fi/server/api/core/bitstreams/2a71b57f-

0fbf-459f-85e8-c59bb9b01460/content (accessed on 8 November 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


	Introduction 
	Methods 
	Study Area 
	Research Approach 
	Participant Selection 
	Water–Energy–Food Context 
	Spatial Mapping of Drivers 
	Scenario Narrative Development 
	Land Cover Change Predictions 

	Land Cover Modelling 
	Business as Usual Scenario 
	Alternative Scenario Modelling 

	Results 
	Past Influences on Water–Energy–Food 
	Spatial Distribution of Drivers of Change 
	Alternative Scenario Narratives 
	Business as Usual and Alternative Scenario Modelling 
	Overall Impacts of Scenarios on Water–Energy–Food 

	Discussion 
	Integrated Planning across Sectors 
	Community Participation in Decision Making 
	Protection of Remaining Forests 
	Centralising Community Needs in Planning 
	Poverty Alleviation 
	Limitations 
	Future Considerations 

	Conclusions 
	References

