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Abstract: The imbalance between resource availability and population increase requires
transformative approaches to inform policy, decision-making and practice on coherent adaptation
strategies for improved livelihoods and resilient communities. Nexus approaches are built on
an understanding that natural processes do not operate in isolation within a system; hence,
an emergent challenge in one unit obviously disturbs the whole system. This study applied an
integrated water-energy-food (WEF) nexus analytical model to holistically assess resource availability,
distribution, use and management at a local level in Sakhisizwe Local Municipality, South Africa.
The aim was to inform strategies and guidelines on improving livelihoods of resource-poor rural
communities. The calculated municipal composite index of 0.185, coupled with a deformed spider
graph, represents a marginally sustainable resource management result. The analysis simplified
the relationship between the intricately interlinked socio-ecological components and facilitated the
identification of priority areas for intervention. The process provides pathways that steer resource
use efficiencies and attainment of Sustainable Development Goals (SDGs). Unlike current linear
approaches, integrated and transformative approaches like the WEF nexus provide a multidisciplinary
platform for stakeholder engagement to sustainably enhance cross-sectoral coordination of resource
management and harmonisation of policies and strategies. The WEF nexus approach is useful for
informing decisions on improving livelihoods, enhancing resource securities, identifying priority
areas for intervention and providing transformative pathways towards sustainable development.

Keywords: climate change; resilience; risk analysis; adaptation; nexus planning; resource security

1. Introduction

Water, energy and food are essential resources that sustain life and livelihoods [1]. The three
resources are interlinked and interdependent in such a way that any disturbance on any one of the
three will affect the other two [2,3]. For example, water and energy are important requirements in food
production; energy is also important in water management (extraction, treatment and redistribution);
and energy generation needs water [2]. This intricate relationship is known as the water-energy-food
(WEF) nexus [3,4]. Nexus planning is based on a systems approach, for example, its use in understanding
socio-ecological systems as primary point of reference in understanding sustainable livelihoods [2].
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The WEF nexus is just one of the many nexuses that have been suggested in literature; the term “nexus”
means seeing and analysing different, but interconnected, components together [5,6]. For example,
one of the many nexuses is the atmospheric pollution-climate change-human health nexus, in which
the linkages in the three sectors is evident through atmospheric pollution exacerbating climate change
and causing respiratory related diseases. Thus, addressing climate change alone without attempting
to reduce atmospheric pollution does not provide the required sustainable solutions [7,8]. As WEF
sectors are interlinked, so are the challenges, so much that focusing on one sector can potentially
aggravate and/or transfer stresses to other sectors [9]. This interconnectedness, and challenges that
arise thereof, requires systemic and transformative approaches such as circular economy, scenario
planning, sustainable food systems and nexus planning to manage trade-offs and synergies and achieve
sustainability [10].

Early work related to the three-way mutual interlinkages among the WEF sectors emerged in
2008 [11]. The approach then grew in appeal after the World Economic Forum held in 2011, where it
was given prominence by the Stockholm Environment Institute (SEI) [12]. Since then, the concept has
evolved into an important and transformative approach in sustainability circles, and a search of the
term on search engines today yields a vast publication profile. The WEF nexus is increasingly being
recognised as a transformative approach that increases resources use efficiencies and informs coherent
strategies for sustainable natural resources management [10,13]. When applied as a conceptual tool,
the WEF nexus provides a framework for understanding the complex interrelations, synergies and
trade-offs among water, energy and food [14]. The WEF nexus, when applied as an analytical tool,
has evolved into a vital cog in assessing progress towards Sustainable Development Goals (SDGs),
particularly Goals 2 (zero hunger), 3 (good health and wellbeing), 6 (clean water and sanitation),
7 (affordable and clean energy) and 13 (climate action) [10,15]. In the current study, we adopt the
WEF nexus as an analytical tool for assessing progress towards achieving sustainable livelihoods at a
local scale.

Current sector-based approaches to development and service delivery in South Africa has an
influence at lower administrative scales, where each sector pursues its own strategies and policies [10].
Given this background, the management of the three sectors in Sakhisizwe Municipality, Eastern Cape
Province, South Africa, also falls under sector specific institutions, with sector-driven mandates as
is derived from the national government setting. Sectoral policies and institutions are formulated to
function in silos, an arrangement that inadvertently creates imbalances and often leads to duplication
of developmental activities, which often translates to failure due to resource use inefficiencies [3]. In the
absence of integration, intentioned sector-based approaches may actually increase the vulnerability
of communities and livelihoods due to continued resource degradation and depletion [16]. Similar
to other growing communities, the challenge of resource insecurities in Sakhisizwe Municipality
requires greater cross-sectoral coordination for sustainable service delivery and livelihoods [17]. In this
regard, nexus planning can contribute towards informing strategies for sustainable and inclusive
socio-economic development, ensuring resource securities and improving the livelihoods of vulnerable
communities [1].

We therefore applied the WEF nexus integrated analytical model [10] to understand and quantify
the interrelatedness among WEF sectors and develop adaptation strategies for sustainable livelihoods at
local level in Sakhisizwe Local Municipality in the Eastern Cape Province, South Africa. Further to this,
we also developed a contextualised municipal nexus framework to inform policy and decision-making
at a local level. The application of the WEF nexus at a local scale provides another dimension to
the applicability of the approach at various scales. Previous work has mostly focused on such at
household [18], national [10], basin [19] and regional [1] scales. The application at local level is
particularly essential as local government is at the front of service delivery of essential goods and
services. Apart from the unique application scale, this study also provides and compares two integrated
models for WEF nexus analysis. For South Africa, where service delivery is the mandate of local
municipalities, a better understanding of nexus planning at a local scale has potential to unlock



Sustainability 2020, 12, 8582 3 of 16

meaningful opportunities for achieving sustainable livelihoods, poverty alleviation and building
resilient communities.

2. Methods

2.1. Methodological Framework

The rationale of the study is based on establishing quantitative relationships among the intricately
connected, broad and multiple interactions within the water, energy and food resources at a local or
community level. Besides simplifying the intricate interactions among these interlinked resources,
the analysis provides useful insights for planning, risk identification and mitigation, and enhances
resilience (Figure 1). The aim is to enhance resource availability and accessibility, improve on resource
productivity at a local level and attain related SDGs, by understanding the socio-economic and
environmental interactions. Nexus planning is the main approach used to understand these complex
interactions and inform policy on priority interventions that enhance sustainable socio-ecological
outcomes (Figure 1) [10,20]. Figure 1 presents the methodological framework used to achieve these
aims, showing pathways towards water, energy and food security, resilience and adaptation, as well as
improved livelihoods and nutrition [21].

Figure 1. A water-energy-food (WEF) nexus methodological framework illustrating the processes and
interactions involved in achieving sustainability and resource security at local/community level.

Therefore, the focus is on (a) the drivers of change, (b) risk and exposure, (c) nexus planning, and (d)
resource security. The drivers of change (both socio-economic and environmental) affect resource
availability, accessibility and their productivity [22], and thus determine community vulnerability
and resilience, or formulation of adaptation strategies. Knowledge of these interactions is critical for
providing transformative pathways towards sustainable socio-economic development. The study
is concerned with defining, measuring and modelling progress towards sustainable development,
through a set of indicators formulated around resource utilisation, accessibility and availability [10].
The knowledge-based tools provided the WEF resources management outcomes.

2.2. Description of the Study Area

Sakhisizwe Municipality is an administrative area in the Eastern Cape Province, South Africa,
located at 26◦41′ S, 30◦55′ E (Figure 2), with an area of 2556 km2. It is comprised of gently undulating
“table land” forming the Drakensberg foothills, with elevation ranging between 750 m and 2600 m [23].
The rocky and undulating landscape makes it difficult for smallholder farmers to be productive and
be food secure. The highly variable elevation shapes the soil types, where low areas are dominated
by clay soils that are highly erodible, but the hills in the surrounding areas are made up of strong
lithosols [23]. It receives an average annual rainfall of between 600 mm and 1000 mm.
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Figure 2. Location of Sakhisizwe Municipality in South Africa and surrounding municipalities.

The municipality has a diverse and multi-racial population of about 66,097 people, of which 97.7%
are black Africans, 1.1% whites, 0.8% coloureds and 0.2% Asians [23]. The population is largely rural,
comprising of 61% rural population and 39% urban. Most of the rural communities are clustered in the
former homeland of the former Transkei area. The land use is, therefore, shaped by historical setup
with vast and fertile lands under commercial farming and the majority in unproductive lands of the
former Transkei [24]. Most of the land in the former homeland is unproductive, and the smallholder
farmers still use old farming practices that are environmentally unsustainable. As a result of these
socioeconomic inequalities, communities residing in the former homelands are persistently vulnerable
to climate change impacts. The vegetation is generally grassland, with scattered shrubs, which is
typical of a savanna land and areas where the black majority settled.

2.3. WEF Resources Endowment in Sakhisizwe Municipality

The provision of water and sanitation in the municipality remains a major challenge as 39% of
the population has no access to reliable and clean water, and 51% are without proper sanitation [23].
Although agriculture uses the bulk of the freshwater resources, crop production remains very low,
often failing to meet the food requirements of a growing population [23]. Freshwater is not always
guaranteed as most is allocated to commercial farms, and poor agricultural practices contribute to
water pollution. Rainfall has been declining due to high climatic variability and change, exacerbating
the challenge of water scarcity. Some water sources have gone dry due to drought, and groundwater
use has increased as a result. Consequently, the municipality often undertakes strict water rationing
measures, and poor communities often receive water supplies from mobile water tankers. Inequality
also manifests itself in the water sector as commercial farmers have private dams and boreholes [23].
This has been the general trend over the past years and, as such, water supply has been diminishing.

Hydro-electricity is the major source of energy in the municipality, currently accounting for
over 97% of energy supply, with 79% of households having access to electricity, and the remaining
21% relying on gas and biomass [23]. A power station at Ncora Dam provides the electricity used
for irrigation, but the frequency of droughts has been threatening electricity supply in recent years.
However, water transfers have been sustaining water supply and agriculture through inter-basin
water transfers by diverting water from nearby river basins to supplement the water shortages [16].
The threat of drought and degrading water resources requires transitioning from hydro-power to other
renewable energy sources like solar energy.

Agriculture potential is very high in Sakhisizwe Municipality as it is endowed with vast fertile
soils but remains under-utilised [23]. Approximately 40% of the land in the municipality is arable.
The combination of scattered vegetation and high rainfall makes the land susceptible to soil erosion.
Rainfed agriculture is predominant among smallholder farmers and irrigated agriculture among
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commercial farmers. Due to the increasing uncertainty in resource availability, the viability and
sustainability of rainfed cropping systems is gradually declining. Population growth raises the demand
for more space to settle and demand for food, at the same time reducing the arable land. As the
population increases, more land is cleared for new settlements and other economic activities. This is of
major concern in a municipality where farming is the major economic activity, providing employment
opportunities and a food security anchor.

Sixty-one percent of the population living in rural areas relies on natural systems for their
livelihoods, exposing them to climate change risks. Resource distribution and access is shaped by
historical imbalances. This highlights why most of the people in the municipality depend on social
grants from the government [25]. The need to reduce vulnerability from climate risks and provide
adaptation strategies to build resiliency and achieve sustainable livelihoods is high in a municipality
beset with multiple historical inequalities [17].

2.4. The WEF Nexus-Livelihoods Conceptual Framework

Livelihoods security, the basis for sustainable development, is determined by socio-ecological
interactions, which themselves are driven by population growth, urbanisation, climate change and
natural hazards [26,27]. Some of the evidence of socio-ecological changes are manifesting through
the increased frequency and intensity of extreme weather events and emergence of novel infectious
diseases with origins from wildlife [28]. These novel socio-ecological interactions are a risk to human
health and are increasing the vulnerability of communities to the vagaries of climate change [29]. Thus,
livelihoods and the environment are intricately interlinked in such a way that any disturbance on
the environment has direct impact on livelihoods (Figure 3). Addressing socio-ecological challenges,
therefore, should consider maintaining food security and universal access to freshwater, as well as
access to clean and affordable energy, and promote inclusive economic growth, whilst sustaining
key environmental systems functionality, particularly in the advent of climatic and environmental
changes [30]. The close socio-ecological interactions and the intricate interlinkages between livelihoods
and the environment suits well with nexus planning, which integrates distinct components together by
establishing numerical relationships among those components [10]. Nexus planning is essential for
livelihoods analysis as it facilitates sustainable livelihoods development.

Figure 3. The WEF nexus framework for building resilient communities at local level, integrating the
drivers of change with the elements of sustainable livelihoods to attain a sustainable balance between
natural supply and human and environmental demands.

To comprehend socio-ecological interactions in the context of sustainable livelihoods and nexus
planning, we identified six thematic areas based on literature search, which include (a) drivers of change,
(b) risk and vulnerability, (c) exposure and sensitivity, (d) transformative processes, (e) financing,
and (f) resilient communities [30,31]. The thematic areas are identified as the main drivers towards
sustainable livelihoods and are the basis for the development of the WEF nexus-livelihoods conceptual
framework (Figure 3). The WEF nexus-livelihoods conceptual framework illustrates the pathways
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towards sustainable livelihoods and healthy environments capable of supplying humans needs at all
times [1]. Sustainable livelihood is achieved when a balance between human demands and natural
supply from the environment is attained, without compromising the health of the environment [2].
The delicate and intricate socio-ecological relationship is reinforced by the concepts of environmental
security and livelihood security [32]. Thus, sustainable development and livelihoods are at the centre
of the socio-ecological interactions, and was the basis for the formulation of SDGs [9].

Socio-ecological systems are, therefore, well linked not only to the WEF nexus, but also to other
transformative approaches such as circular economy and sustainable food systems, which both form
an integral part of sustainable environment and are designed to ensure the most efficient use and
management of resources [33]. Efficient use and management of resources through informed strategies
from transformative processes leads to sustainable livelihoods, which determine the vulnerability,
outcomes and assets of a community, which in turn are determined by the natural, physical, social,
political, human and financial aspects of society [31].

Thus, sustainable livelihoods are based on comprehending available options to access assets that
typically include natural, human, social, physical and financial capital (Figure 3). In the context of
livelihoods, and particularly at local level, access to assets is analysed through (a) climate change,
population dynamics, history and macro-economic conditions, (b) institutional and social processes
that include institutions and land tenure, and (c) the livelihood strategies that are used, which include
combinations of activities people practice to achieve their livelihood goals [34,35]. This knowledge
facilitates informed interventions to improve livelihoods based on the understanding of existing coping
strategies that are designed to protect and enhance resilience and the factors that influence them [35].
The approach is suitable for Sakhisizwe Municipality, which is administratively a local area, is based on
the WEF nexus-livelihoods framework (Figure 2), and aims to provide sustainable pathways towards
sustainable human-environment interactions in the municipality and build resilient communities and
achieve related SDGs.

2.5. Mathematical Representation of Distinct Components of a System

There are two main methods to establish quantitative relationships among different but interlinked
components of a system through nexus modelling that are suggested in the literature: (a) differential
equations and (b) multi-criteria decision method (MCDM). Both methods were experimented in the
context of the WEF nexus to integrate sustainability indicators representing the securities of water,
energy and food, which represent the WEF nexus [10]. WEF nexus analytical modelling unpacks the
complex interlinkages and dynamics among sectors and mathematically represents those dynamics
between the inputs and outputs taking place within a livelihoods-environment system. The main
outcomes of a socio-ecological system include sustainable livelihoods and healthy ecosystems [36].
The numerical representation facilitates classifying a system into either sustainable or unsustainable
level [10]. The outcomes are dependent on the balance between human demands and natural supply.
WEF nexus sustainability indicators (Table 1) are the basis on which to establish the numerical
relationships among the interlinked WEF sectors as related to the livelihoods-environment system [10].

Of the two methods, MCDM and differential equations, the MCDM was preferred as it provides
indices for each indicator, which can be shown on a spider graph to give an overview of resource
management, yet the differential equation produces a single composite index that may not indicate
priority areas for intervention [10]. However, the choice of the method depends on the objective of
the work being done. In this study, we aim to provide an integrated relationship between different
components of the same system.
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Table 1. Sustainability indicators and to quantify WEF nexus interactions.

WEF Sector Indicator Units

Water
Proportion of available freshwater resources per capita (availability) m3/capita

Proportion of crops produced per unit of water used (productivity) $/m3

Energy Proportion of the population with access to electricity (accessibility) %

Energy intensity measured in terms of primary energy and GDP (productivity) MJ/GDP

Food
Prevalence of food insecurity in the population (self-sufficiency) %

Proportion of sustainable agricultural production per unit area (cereals) kg/ha

Source: Nhamo et al., 2020.

2.5.1. Integration through Differential Equations

The state of variables (x) of a system provides the least information necessary to define the state of
a system at a given time. A quantitative relationship of variables (x), together with the information
on the same variables at an original time (t0) and the inputs of the system for time (t), indicates data
to estimate future system changes and outputs for all time (t) [37]. Outcomes (y) are functions for
characterising the input–output relationships. Thus, one way to represent the processes taking place in
a system is through differential equations (with time being the independent variable). These transitional
equations are formulated in state-space form that has a certain matrix structure and is commonly
expressed as [38,39]:

yt = h(xt, ut, et) (1)

where y are outcomes, h is a vector function with n components for the n outputs y of interest.
The variables are dependent on time t. The equation is a transitional function as it models the
current state of a system into its future state [38]. In vector representation, the differential equation is
expressed as:

..
x =

dy
dt

= f (xt,ut, et), (2)

where (f ) is a vector function. The status of a system at any given (t) represents a point in an
m-dimensional state-space, and the dynamic state response xt is a trajectory traced out in state-space [38].

In addition to the differential Equations (1) and (2), other Equations (3) and (4) are essential
for accounting for feedbacks to the inputs [37]. The main challenge of parameter estimation is data
availability at a given spatial scale. However, some of the data can be modelled from remote sensing
or obtained from open data sources like the World Bank Indicators and AQUASTAT.

..
e =

de
dt

= (xt, ut, et) (3)

..
u =

du
dt

= ∅(xt, et) (4)

2.5.2. The Multi-Criteria Decision Method to Integrate WEF Nexus Sectors

An alternative method is the Analytic Hierarchy Process (AHP), a MCDM tool for structuring
and solving complex decisions and planning problems that involve multiple criteria [40]. The
MCDM facilitates the calculation of integrated composite indices between distinct but interrelated
components, using a pairwise comparison matrix (PCM). The MCDM is a cross-sectoral planning tool to
overcome the increasing demand for essential resources with a vision of sustainable development [41].
The sustainability indicators (Table 1) are useful for conveying information on the state of a system
through composite indices, represented through a spider graph, and indicate areas of priority
intervention to reduce risk and vulnerability.



Sustainability 2020, 12, 8582 8 of 16

The AHP was critical for integrating WEF nexus sectors as it was used to derive ratio scales from
both discrete and continuous paired comparisons to help decision-makers to set priorities and make
the best decisions [42–44]. As already alluded to, the AHP provides comparison matrix that allows
comparing two indicators at a time using Saaty’s scale, which ranges between 1/9 and 9 [44]. The process
calculates the indices for the indicators, through matrix A for the priority ranking. The priority ranking
is set to the right of the PCM vector w of the comparison matrix A. Therefore, the method is to calculate
the maximum value λ and its corresponding vector w such that [45,46]:

Aw = λw (5)

The matrix, A, of n criteria, is determined using Saaty’s scaling ratios, in the order (n × n) [47].
A is a matrix with elements aij. The matrix reciprocal and is expressed as:

ai j =
1
ai j

(6)

Once the matrix is generated, it is normalised as a matrix B with elements bij and expressed as:

bi j =
ai j∑

j=1 n ai j
(7)

Each weight value wi is computed as:

wi =

∑
j=1 n bi j∑

i=1 n
∑

j=1 n bi j
, i, j = 1, 2, 3 . . . , n (8)

The integrated composite index is then expressed as the weighted average of the indices and is an
indicator of the general performance of resource management within a system.

Consistency is an important component of a PCM and an acceptable consistency ratio (CR) of less
than 0.1 or 10% is always recommended [48]. The CR is expressed as [49]:

CR =
CI
RI

(9)

where: CI refers to the consistency index, RI is the random index [44]. CI is calculated as:

CI = γ−
n

n− 1
(10)

where: γ represents the main eigenvalue, and n refers to the number of criteria or sub-criteria in
each PCM.

2.6. Modelling Vulnerability and Resilience

Vulnerability can be assessed through large-scale computer simulations at local scale [50]. Such an
assessment is essential to better understand resilience from past knowledge on exposure and responses to
shocks and stressors so as to identify areas for current and future policy support [51]. Trajectory analyses
are essential for formulating policies that enhance resilience as they offer insights into temporal
livelihoods-environment interactions that consider both past and future conditions, as the present
state is defined by the legacy of the past [52]. Resilience is needed where there is vulnerability, for
where there is need of resilience, there is some degree of vulnerability [53]. Human vulnerability and
resilience to socio-ecological changes are adversely influenced and affected by changes in the physical,
natural, social, political, human and financial set-up (Figure 1).
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Vulnerability and resilience are composed of three components: exposure, sensitivity and
resilience [53]. Thus, vulnerability (V) is a function of the components’ recovery potential (RP) and
potential impacts (PI), which are expressed through exposure (E) and sensitivity (S) as [39]:

V = f (PI, PR), with PI = f (E, S) (11)

Outlining vulnerability and resilience is important to illustrate different elements of a system,
including establishing numerical relationships and calculating composite indices. The method is an
alternative approach in assessing risk and exposure and for formulating strategies to build resilience
and achieve sustainable livelihoods.

3. Results and Discussion

3.1. Integrating WEF Nexus Sectors

The WEF nexus-based PCM for Sakhisizwe Municipality is presented in Table 2. The diagonal
numbers are values of unity (i.e., when an indicator is compared with itself the relationship is always
1). Because the PCM is symmetrical, only the upper triangle (yellow shaded) is determined and the
lower triangle represents the reciprocals. As already alluded to, the matrices are established by using a
scale between 1/9 to 9 (1/9 is the lowest and most insignificant relationship and 9 is the highest and
most important relationship). Due to lack of data at a local level, the PCM was developed based on
expert advice and general knowledge of the municipality [44].

Table 2. Pairwise comparison matrix for WEF nexus indicators in Sakhisizwe Municipality.

Indicator

Pairwise Comparison Matrix

Water
Availability

Water
Productivity

Energy
Accessibility

Energy
Productivity

Food
Self-Sufficiency

Cereal
Productivity

Water
availability 1 1/3 1 1/7 1/6 1

Water
productivity 3 1 3 5 1 1

Energy
accessibility 1 1/3 1 1/2 1/3 1/5

Energy
productivity 7 1/5 2 1 3 5

Food
self-sufficiency 6 1 3 1/3 1 7

Cereal
productivity 1 1 5 1/5 1/7 1

3.1.1. Normalised Pairwise Comparison Matrix for WEF Nexus Indicators

The normalised matrix (resulting using Equations (7) and (8)) is given in Table 3. A CR of 0.09
is acceptable, and the weighted average, which is the integrated index, is classified according to the
categories given in Table 4.

The indices are ranked according to their weight, the highest being ranked 6 and the lowest
ranked 1 in order to calculate the weighted average. The composite index for Sakhisizwe Municipality
is 0.185, which classifies the municipality as marginally sustainable. The indices vary between 0 and 1,
where 0 represents unsustainable resource management and 1 represents highly sustainable resource
management (Table 4).
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Table 3. Normalised pairwise comparison matrix and composite indices.

Indicator

Normalised Pairwise Comparison Matrix

Water
Availability

Water
Productivity

Energy
Accessibility

Energy
Productivity

Food
Self-Sufficiency

Crop
Productivity Indices

Water
availability 0.053 0.086 0.067 0.020 0.030 0.066 0.053

Water
productivity 0.158 0.259 0.200 0.697 0.177 0.066 0.259

Energy
accessibility 0.053 0.086 0.067 0.070 0.059 0.013 0.058

Energy
productivity 0.368 0.052 0.133 0.139 0.532 0.329 0.259

Food
self-sufficiency 0.316 0.259 0.200 0.046 0.177 0.461 0.243

Crop
productivity 0.053 0.259 0.333 0.028 0.025 0.066 0.127

CR = 0.09
∑

= 1

Composite WEF nexus index (weighted average) 0.185

Table 4. WEF nexus indicators performance classification categories.

Indicator Unsustainable Marginally
Sustainable

Moderately
Sustainable

Highly
Sustainable

WEF nexus
composite index 0–0.9 0.1–0.2 0.3–0.6 0.7–1

Source: Nhamo et al., 2020.

3.1.2. Classification Categories for Indicators and the WEF Nexus Integrated Index

The classification categories (Table 4) represent resource management levels, which are essential
for determining the intensity on the importance of an indicator [10].

3.2. Interpretation of the Indices

The calculated WEF nexus indices are presented as a spider graph (Figure 4) to give a general
overview of the numerical relationship of the indicators in a simplified manner. The graph provides the
interactions and interdependences of the WEF sectors as seen together, giving an integrated synopsis
on the status of resources in the context of use and management. The deformed shape of the centrepiece
(Figure 4) is an indication of an imbalanced resource management. The further an index is from the
centre of the axis of the spider graph, the better the level of sustainable development, and the closest to
the axis signifies unsustainable development. The representation of the indices numerically unbundles
the complex interlinkages between WEF sectors.

Figure 4. Resource performance in Sakhisizwe Municipality in 2018.
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There is an evidently better water productivity and energy productivity (both at 0.259) in
Sakhisizwe Municipality, followed by food self-sufficiency (0.243). The better water productivity
in the municipality could be motivated by limited water resources or low water availability (0.053),
which often results in water being used sparingly and efficiently. This is a general trend in the whole
of South Africa as the country is water-scarce [10]. Although energy production is high, accessibility is
still very low at 0.058, as 21% of the population has no access to electricity. The situation is worsened
by depleting water resources due to drought and compromises hydro-electricity generation, which
is the main source of energy [23]. The effects of drought also highlight low water availability in the
municipality, which affects energy accessibility and cereal productivity. Water management is an area
that still needs to be improved in the municipality to ensure water, energy and food security, as 61% of
the population live in the rural areas and are highly vulnerable to climate change impacts [23]. Overall,
an integrated composite index of 0.185 classifies the municipality into a marginally sustainable category.

4. Way Forward

The challenges currently facing humankind are systemic, complex and interlinked, whereby
an emerging stress in one sector only exacerbates the stresses in other related sectors [54].
This interconnectedness and the need to achieve sustainability have reignited the importance and
use for integrated and systemic approaches in achieving national and global goals that are anchored
on sustainable development [55]. The importance of transformative and integrated approaches has
increased the prominence of the WEF nexus in recent years to address existing complex problems [13].
For example, the COVID-19 pandemic started as a health challenge; however, the subsequent lockdowns
triggered a chain of other challenges such as company closures, unemployment and disruptions in the
global demand and supply chain, among other challenges [56]. Thus, sector-based or system-specific
resilience initiatives such as health systems are usually accompanied with systemic risks, which
originate from strategies that lead to suboptimal efficiencies in that targeted sector at the expense of
other sectors [3,56,57]. As a result of the risks associated with sector-based approaches, there has been
an emergence of other nexuses, apart from the WEF nexus, such as the water-energy-food-environment
(WEFE) nexus, water-unemployment-migration (WEM) nexus, water-health-environment-nutrition
(WHEN) nexus and the rural-urban nexus, among others [6,58]. This underlines the urgency to address
intricate trade-offs between interlinked sectors in an integrated manner, and highlights the importance
of transformative approaches in addressing the systemic and interlinked shocks and in informing
policy on formulating coherent policies and strategies [59].

While nexus planning was initially meant to address global challenges and achieve sustainability
at a global level, it is at a local scale (household and community) and natural scale (catchment) where
nexus issues are mostly evident and where adaptation and resilience-building processes should take
place [60,61] but cascade from these local scales to natural spatial scales (catchments) and jurisdictional
scales (political units such as cities, municipalities or provinces). It is at a jurisdictional scale where
policies and governance structures that affect households and communities are formulated and
implemented [62,63]. The temporal scale is equally critical in nexus planning as it is essential in
scenario planning (an important component of nexus planning) and for interpreting future climatic and
environmental changes, resource availability or population projections at different time intervals [64].
Each spatial scale has its own dynamics, particularly when it comes to data availability [65].

Besides the envisaged importance of nexus planning, the approach has had its own share of
criticisms, particularly for lack of procedures to turn the approach into an operational framework [4].
Others have even branded it as a repackaging of the Integrated Water Resources Management
(IWRM) [66,67]. It is only recently when analytical models have been developed to provide practical
applicability in a real-life situation and guide policy and decision-making in formulating informed
strategies that lead to sustainable development [10]. The WEF nexus analytical model has been
successfully applied in Southern Africa to transform rural livelihoods, and in South Africa for assessing
resource use and management to inform policy on priority areas for intervention and study applies the
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approach at local/community level [1,10]. The model is in its early stage of application and there is still
room for improvement.

One critical limitation of the model is the complication in achieving consistency with more than
nine indicators. Future research is needed to develop scenarios that inform policy and decision-making
on achieving a circular shape of the spider graph and attain sustainable development.

Adaptation Strategies to Ensure Sustainable Livelihood-Environmental Security

Comprehending socio-ecological complexities is essential for formulating informed adaptive
responses that ensure sustainable livelihoods and healthy environments. Nexus planning is best suited
for assessing polycentric and complex systems like socio-ecological interactions as it simplifies the
interlinkages by providing numerical relationships among the diverse but connected components.
As already alluded to, the deformed shape of the centrepiece of the spider graph (Figure 4) indicates
an imbalance in resource management. A balanced and sustainable resource management is attained
when the centrepiece of the spider graph achieves a circular shape. The circular shape is best when all
the indicators reach the highest possible index. In the case of Sakhisizwe Municipality, this is achieved
when the other indicators attain the value of the best managed indicators, water productivity and energy
productivity (0.259). Thus, nexus planning informs policy and decision-making on interventional
strategies to priorities developmental initiatives. The approach is also a platform for stakeholder
engagement to harmonise strategies and policies, besides being an analytical, conceptual and discourse
framework [10]. Current sectoral approaches only exacerbate current challenges associated with
climate change and increase the vulnerability of communities.

Achieving a circular shape at 0.259 for all the indicators would not only achieve a balanced
resource management but would also assist the municipality to achieve a moderately sustainable
category (Table 4). A circular shape is, therefore, an indicator of a well-managed resource base.
The WEF nexus analytical model is a lens for decision-makers to integrate strategies and polices that
increase resource use efficiency. The WEF nexus analytical model is, thus, a decision support tool for
monitoring resource utilisation, management and performance, as it captures the interactions among
the sectors. It is essential for setting developmental targets and achieve the goals stipulated in the
Integrated Development Plan (IDP), National Development Plan (NDP) and relevant SDGs. For policy
and decision-makers, the model provides tools to:

• establish quantitative relationships and simplify the intricate interlinkages between water, energy
and food resources with livelihoods security;

• identify trade-offs and synergies within a socio-ecological system and formulate informed strategies
to achieve sustainable livelihoods and build resilience;

• guarantee the required balance between human demands and the supply of natural resource to
achieve livelihoods sustainability;

• plan timely interventions on priority areas and reduce pressures and stresses on a system
• monitor progress towards a sustainable socio-ecological system; and
• inform transformative solutions to complex socio-ecological systems from a nexus

planning perspective.

5. Conclusions

We developed a conceptual framework to illustrate the interlinked socio-ecological components
and establish the quantitative relationships of those components. This facilitated an understanding
of socio-ecological connections and sustainable livelihoods-environment co-benefits at a local scale.
This was essential to developing coherent adaptive strategies to alleviate poverty, which is a central
goal of sustainable livelihoods. Assessing the relationship between sustainable livelihoods and
environmental outcomes through nexus planning is useful to developing context-specific transformative
pathways at a local level. WEF resource securities are key to reducing poverty as they ensure
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sustainable and equitable resource availability and access. Concurrently, preserving ecosystems
is vital for sustaining healthy natural environments and maintaining the ecosystems services they
provide, which directly or indirectly provide foundations for livelihoods in rural resource-poor
communities. The applicability of the WEF nexus integrative analytical model at a local level highlights
the applicability of the WEF nexus approach at various scales, especially localised scales that are
important for informing human outcomes.
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