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Abstract: Population increase is exacerbating resource insecurities due to increased demand for
already depleted resources. Coupled with climate change, they are the main drivers of both intra-
(rural-urban and urban-urban) and inter-migration (from one country to the other). We carried out
a systematic review of literature, focusing on available options to ensure water and food security,
as well as improve the socio-economic environment, highlighting the drivers of migration in southern
Africa. The aim was to develop informed adaptation strategies and build resilience in the advent of
accelerated migration. We developed a migration conceptual framework based on the nexus between
water, food and socio-economic interlinkages. Urban areas in southern Africa are under immense
pressure to accommodate climate refugees from resource stressed rural areas, a situation that is
impacting on agricultural production. Most urban areas are exceeding their ecological thresholds to
support the built environment, causing some socio-ecological challenges. Nexus planning can inform
adaptation planning on permissible migration that are aligned with regional goals such as regional
integration, poverty reduction and improved livelihoods. This would also contribute to the region’s
achievements of the Sustainable Development Goals. Furthermore, through the identification of
synergies and trade-offs, nexus planning can inform regional adaptation strategies for positively
managing migration leading to sustainable outcomes.

Keywords: adaptation; resilience; climate change; sustainability; livelihoods; vulnerability

1. Introduction

Climatic and environmental changes, coupled with population changes and migration, and their
intricate relationships with development, are among the most pressing challenges dominating global
sustainability discourses [1,2]. These unrelenting challenges are aggravating the vulnerabilities of
most developing countries as they lack resources to cope and adapt [3,4]. Monocentric and linear
approaches in resource management are no longer viable as they often promote divergent strategies
and policies as well as entrench silos, which often results in negative trade-offs. For example,
although southern Africa is endowed with vast natural resources, the region still struggles to achieve
water, energy and food security for all [5,6]. Although it is acknowledged that the challenges of
resource insecurities generally emanate from sector-based or silo, strategies in resources management,
there are other underlying drivers such as migration, population growth and rapid urbanization [7,8].
Sector based approaches often inadvertently result in inequalities, increased vulnerabilities, tensions
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among the major stakeholders and disproportionate resource distribution, often triggering migration
or concentration of populations in urban areas [5,9,10]. These factors are the main drivers of both intra-
(rural-urban and urban-urban) and inter-migration (from one country to the other) [2].

The increasing socio-economic and environmental changes, together with increased frequency
and intensity of extreme weather events such as droughts, cyclones, floods, heatwaves, among others,
are proving to be detrimental to development thus triggering migration [11]. Between 2008 and 2016,
extreme weather events, alone, displaced over 24 million people worldwide [12,13]. In addition,
estimates by the Internal Displacement Monitoring Center (IDMC) indicate that weather-related
disasters will result in 13.9 million people either being displaced or losing their livelihoods annually [13].
Elsewhere, the International Organization for Migration (IOM) projects that globally by 2050, over
200 million people will become climate migrants; this represents a ten-fold increase relative to current
figures [14]. This gloomy picture on migration suggests that by 2050, one in every forty-five people
would have been displaced by climate induced disasters. Compared with other regions, southern
Africa is regarded as both a climate and migration hotspot due to a host of socio-economic, climatic
and political challenges [15]. Of all the identified drivers of migration, climate change is recognized as
a major driver as it has made some places inhabitable [16,17].

The effects of climate change on human migration will vary among different regions depending
on several factors such as environmental and socio-economic conditions, culture, lifestyle and social
networks [18]. However, there is a general consensus among researchers that climate change will
mostly affect countries and regions whose populations depend on agriculture as a primary livelihood
activity; this is due to the impact of increasing temperature and declining rainfall on crop production
and harvest yields [17,18]. For example, increased weather variability and extremes in sub-Saharan
Africa have forced many people to leave their home countries [19], while in Pakistan and Indonesia,
the increase in temperature and heat waves have increased long-term or permanent migration [18].
Climate change also impacts on migration indirectly via socio-economic shocks or increases in food
prices [18], possibly driving migration. However, most of these forced migrations, which are themselves
a coping strategy, are unplanned hence creating challenges for both sending and receiving regions.

Migration could be an adaptation strategy, particularly when it is planned and coordinated in
an integrated manner and is part of everyone’s history as it contributed to building the societies we
are all part of today [20,21]. However, it can be a burden if the receiving area is not prepared for the
mass influx of people, in terms of stretching infrastructure such as schools, water reticulation and
health facilities and may exacerbate socio-economic challenges related to unemployment, poverty,
inequality, crime rates, among others. Even in the presence of successful strategies to mitigate and
adapt to climatic change impacts, climate change is still projected to result in migration levels above the
current levels [22]. However, as an anticipatory response to climate change, migration is an important
form of preparedness to change [23], but only in the presence of strategies that facilitate voluntary
movement of people and avoid displacement or forced migration [24].

Asrisk reduction strategies are prioritizing mitigation, adaptation and building resilience to climate
change, these strategies should also consider migration as an adaptation option [25,26]. This can be
achieved through qualitative system dynamics modeling or transformative approaches to understand
the intricately connected drivers of migration [27]. In particular, transformative approaches such as
nexus planning, circular economy and sustainable food systems are essential for developing scenarios,
which present opportunities to mitigate and adapt to the impacts of a climate change in an integrated
manner [5]. Modeling through nexus planning simplifies the understanding of complex interlinkages
between socio-economic and environmental drivers of migration, which is essential for informing
decisions and pathways towards sustainable migration. Nexus planning can provide a simplified
synopsis of the realities of migration and assist in identifying challenges and opportunities to achieve
sustainable outcomes for both sending and receiving regions [28]. Transformative approaches indicate
priority areas for immediate intervention for informed sustainable development in both urban and
rural areas [28,29]. This is particularly relevant for southern Africa because of its uneven distribution
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and transboundary nature of resources, similar climate induced challenges and disproportionate
economic wealth among regional countries [5]. Nexus planning addresses these issues by promoting
sustainable urbanization and creation of climate smart cities through climate-smart initiatives and
emergency preparedness at regional level [5,30]. However, rural-urban migration is exerting pressure
on already overstrained infrastructure in urban areas and impacting on agricultural production in
rural areas [31-33].

The aim of the study, therefore, is to provide integrated interventional solutions that can make
this a reality. The objectives of the study were to demonstrate the usefulness of nexus planning
and modelling in managing trade-offs and synergies—and as a transformative approach that links
migration and climate change and as a pathway to transform urban areas into centers of climate action
and adaptation—while at the same time maintaining and stimulating the productivity of rural areas.
This fosters a win—win strategy, which will allow for climate action, both mitigation and adaptation and
address livelihoods, income and water, energy and food security challenges in rural areas, which are
the primary drivers of rural-to-urban migration. If successful, nexus planning and modeling can
assist planners and decision-makers at regional, national and sub-national levels on how to manage
the impacts of climate change, increase the absorptive capacity of regions (countries and cities alike),
make agricultural systems more resilient and mitigate forced migration. When well-planned and
coordinated in an integrated manner, migration can be viewed as an adaptation strategy, as well as a
means of socio-economic development and regional integration.

2. Methods

2.1. Literature Review

We firstly conducted a literature review on migration and displacement focusing on southern
Africa. This included developing a database of relevant publications using search engines such as
Web of Science, Scopus and Google Scholar. The following terms were used for the search; impact
of migration on agriculture, migration as an adaptation strategy to climate change, migration trends,
drivers of migration, migration and urbanization, nexus planning, among other terms, from which
a database of published articles was developed. To cover a wide range of relevant publications,
we complemented published articles with reports related to climate influence on migration, drivers
of migration, reasons for migrating, environment and migration, future scenarios of migration and
pathways of migration. In addition. literature describing the migration-environment-displacement
dynamics from other regions was also assessed to aid in understanding how these dynamics apply to
southern Africa.

We noted that migration was well-studied, as evidenced by the quantity of available relevant
publications (over 80 publications). The dominant topics cover areas such as climate change as
an influencer of migration, impact of migration and migration trends. Of note is the existence of
organizations dedicated on migration issues such as the United Nations High Commission for Refugees
(UNHCR), International Organization for Migration (IOM), Global Commission on International
Migration (GCIM) and Internal Displacement Monitoring Center (IDMC). These organizations (IOM and
IDMC) have considerable published literature on migration, both at national and international levels.

However, from the literature review, we noted that little has been done on the role of transformative
planning, particularly nexus approaches, in mitigating migration, and in transforming migration
into an adaptation strategy in the advent of resource depletion and degradation and socio-economic
changes. Through transformative and systems planning, migration frameworks can be developed to
inform policy and decision-making on migration trends and preparedness that the projected mass
influx of people into urban areas may not end as a burden. This study, therefore, focuses on the role
of the water-food-socio-economic nexus in providing evidence on the impact of migration and in
developing pathways to ensure resource security, improve livelihoods, reduce poverty and hunger
and promote regional integration in southern Africa. Although the focus was on southern Africa,
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the method is applicable in other regions, adjusting it to particular situations. The study is informed
by the projected increase in climate refugees to about 200 million refugees by 2050 [14], an increase
expected to exert further pressure on already depleted resources [34].

2.2. Methodological Framework

The literature search assisted with identifying key thematic areas to direct the study, which included
vulnerability, mitigation, preparedness, response and recovery. The thematic areas were linked
with the main elements that drive migration which include water-food-socio-economic factors.
Water-food-socio-economic elements formed the migration nexus that was used to develop a migration
nexus conceptual framework. The approach simplified the understanding of the complex dynamics
that are involved in the migration process. After identifying the thematic areas and linking them
with nexus planning, we developed a thematic methodological framework (Figure 1) to guide
the study. The methodological framework was used to assess the impacts of climate change and
migration on resources. The conceptual framework provided a lens to aid in understanding the
performance of resource planning, development and management in southern Africa—and how they
are driving migration.

Social drivers
+ Seeking education //“\\
+ Family obligations 2
Environmental drivers g Managing migration )i
Climatic influences . ?ﬁs;re tttn hallards ) Political drivers g ﬂ]l’OUgh WEF nexus \/
. . * Fol water insecurf D EE— " - -
of migration + Energy insecurity & + Conflict, insecurity @ * Scenario planning
+Floods + Land productivity Dri f + Discrimination E + Stakeholder engagement
Tivers of * Persecution [ q o
+Cyclones migration E + Science evidence
+ Land degradation = +Response options
*+Sealevel rise e + Ensure WEF security
+Droughts o - 4.
. E *Increase investment 4
+ Temperature rise Economic driver L ] ! |
e ——— Demographic drivers @ + Adaptation strategies (
+ Job opportunities + Population density E L J
* Income c
5 + Population structure =] y
* Wellbeing ) + Disease prevalence -
+ Producer/consumer prices

Figure 1. The methodological framework showing the key areas studied in the study. The framework
highlights the Influence of socio-economic and environmental changes on migration.

The study provides an understanding of the (a) drivers of migration in southern Africa
and (b) intricate linkages between water-food-socio-economic in managing migration sustainably.
The drivers of migration were grouped into five themes: social, political, economic, environmental
and demographic [35,36] (Figure 1). An assumption was that the presence of spatial and temporal
changes in one or more of these five themes creates the drivers of migration [37]. These themes and
drivers interact or overlap differently across space, time and geography, hence can be adjusted to suit
each region’s context. As already alluded, socio-economic, climate change and associated disasters
are the major drivers of mass migration. Changes in climatic conditions in an area generally have a
direct influence on migration, as climate induced disasters directly affect over 60% of the population of
southern Africa who reside in rural areas, as they rely on natural systems for their livelihoods [28,38].
Climate change also has an influence on the economic drivers of migration such as employment
opportunities, income, conflict and well-being [39,40].

The premise is that migration can become an adaptation strategy (not necessarily a challenge)
if the receiving area has the resources and is prepared to absorb a high influx of migrants without
shacking its systems. This can be achieved through integrated and transformative planning to manage
present resources, but also mirroring into the future [41]. Nexus planning is particularly suited for
integrated management and could be a pathway for regional integration, formulation of strategies that
inform preparedness and proactive interventions [5].



Sustainability 2020, 12, 4722 5o0f 14

3. Results and Discussion

3.1. Evidence from Literature: Migration Patterns, Risks and Impacts

On a continental scale, the number of migrants on the African continent increased from 15 million
to 25 million between 2000 and 2017, representing an average increase of 2.8% per year, of which 47%
are women. Major migration hubs are Abidjan in Ivory Coast, Johannesburg in South Africa and
Nairobi in Kenya [41]. With regards to southern Africa, the region has recorded all types of migration
that include mixed, irregular, labor and displacement [42]. Other causes include conflict, natural
disasters, socio-economic inequalities and climate change [40,42]. In 2013, the region recorded over
4 million migrants (44% were female and 20% were under 19 years of age) [2]. Migration trends in the
region indicate that South Africa absorbs the largest number of migrants (2.4 million) followed by the
Democratic Republic of the Congo (447,000) and Zimbabwe (361,000) [2,43].

Southern Africa has also suffered the most from extreme weather events than the rest of the
world [44-46], largely due to socio-economic and political challenges and the region’s high dependence
on agriculture [19]. Climate change and its associated impacts have strong and direct impacts on
agricultural production [19]. Climate induced events account for the largest percentage (67%) of
natural disasters related deaths in the region [45]. Changes in rainfall patterns, cyclones and floods
are negatively impacting on agriculture and regional water and food security as most countries rely
on international aid to supplement food deficits [46]. The impacts of natural disasters on migration
and human displacement have become significant both in scale and diverse in nature [45,47]. This is
evidenced by the displacement of over 30% of pastoralists in East Africa due to climate change, and the
percentage is projected to increase to about 40% by 2040 [48]. In sub-Saharan Africa, [19] project that
anomalies in weather patterns could force 11.8 million people to migrate annually towards the end of
the 21st century every year

Cyclonic flooding and severe drought are driving both internal and cross-border migration in
the region [23]. Of all climate disasters, drought is recorded as the most widespread and devastating,
as between 1900 and 2016, there were 702 recorded drought events worldwide and 312 of them occurred
in Africa (Table 1) [46,47]. Since 1900 to-date, drought has caused about 900,000 deaths, and has affected
over 414 million people on the African continent alone [47]. The total economic damage caused by
drought is estimated at US$6.5 billion (Table 1). Thus, extreme weather events are predominantly
responsible for most of the human displacement in southern Africa, apart from political and economic
instability [49,50].

Table 1. Global drought frequency and impacts during 1900-2013.

Continent Drought Events People Killed Affected People Total Damage (“000 US$)

Africa 312 867,131 414,235,329 6428,593
Americas 152 77 109,375,181 59,671,139
Asia 167 9663,400 2107,113,716 42,718,264
Europe 42 1200,002 15,488,769 25,481,309
Oceania 29 684 1074,2019 11,586,000
Total 702 11,731,294 2656,955,014 145,885,305

Source: EM-DAT: The International Disaster Database [47] (Guha-Sapir et al., 2019).

The increasing risk of reduced precipitation, frequency and intensity of cyclones in the Atlantic
coast of southern Africa—and the continued desertification, depletion of fisheries, environmental
degradation, sea level rise and coral bleaching—over the coasts of Mozambique, Madagascar and
Tanzania are driving migration in Africa (Figure 2). East Africa and the Great Lakes region are
identified as climate change hotspots areas with increased melting of mountain glaciers and changes in
ecosystems [51]. However, countries closer to the Equator are expected to receive above normal rainfall.
Despite the negative impacts of climate change, population continue to increase, and the region will
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be moderately populated [51]. The combination of climate change and increasing population will
also result in increased migration with cities like Johannesburg, Luanda and Kinshasa growing into

megacities of more than 10 million people [51].
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Figure 2. Key climatic risks and impacts (droughts, cyclones, desertification, wildfires); consequences
(degradation of fisheries and loss of biodiversity, agriculture seasonal changes, depletion of water
resources and limited ecosystem services); as well as socio-economic changes (vulnerable communities,
major cities and densely populated regions prone to sea-level rise and other hazards) and their impacts
on migration in Africa. The map also indicates climate change hotspots. Source: The Atlas of
Environmental Migration, [51] (Ionesco et al., 2017).

The risk of extreme weather events in Africa are worsening the already strained resources—and
coupled with socio-economic and environmental changes—the continent needs to prepare for change
and adapt for the future. These changes are undoubtedly affecting the already fragile resilience and
adaptive strategies of the continent, requiring new approaches to address the challenges at hand.

3.2. Implications of Climate Refugees on Essential Resources

Southern Africa is endowed with fifteen resource rich transboundary river basins (IRBs),
which present opportunities for regional integration through cross-sectoral coordination and
management of resources. Management of resources at regional or transboundary level is a catalyst for
sustained and inclusive economic growth that could ensure socio-economic security, as the resources
are shared among countries [5,52]. Regional energy initiatives could be achieved through integrated
cooperation of existing and planned renewable energy potential, and the agriculture potential could be
achieved through cooperative flood management and irrigation development [52]. Cooperation among
countries that share the Zambezi River Basin has potential to meet regional energy and irrigation
requirements as it can generate some 30,000 Gigawatt hours (GWh)/year and unlock 774,000 ha of
irrigated land [53]. However, despite such energy potential, biomass remains the main source of energy
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as only 24% of the total population and 5% of rural people have access to electricity [53]. Water resources
are unevenly distributed as rainfall, oscillates between 100 and 2500 mm per annum [46]. Although
agriculture potential is huge, crop production remains very low failing to meet the food requirements
of a growing population [26]. Of the total land areas of about 9.9 million km?, 25% is arable and
farming occurs only on 6% of the area [54,55].

The development of these resources at regional level has potential for the development of industrial
nodes throughout the region [56]. This would provide opportunities for organized migration that
translates into regional benefits for both the sending and receiving countries, particularly as an
adaptation strategy.

3.3. Transforming Migration into a Climate Adaptation Strategy through Nexus Planning

Past experiences have shown that policies that are developed to restrict migration do not always
succeed and are often counter-productive and self-defeating, as they exacerbate costs to the migrants,
communities of origin and destination [57,58]. Nexus planning for climate-induced migration can
provide decision support frameworks to guide policymakers on informed integrated migration policies,
in the face of climate change. The approach has emerged as a transdisciplinary system for addressing
polycentric and complex issues in an integrated manner, providing alternative pathways towards
sustainable climate action and outcomes [29].

Migration becomes an adaptation strategy only when it is planned and people move from
a high-risk place to a location where they are more secure from negative impacts [59]. This is a
proactive approach as it is pre-planned and reduces risk and vulnerability. However, for this to
happen in a sustainable manner, there is a need for evidence to inform integrated policies and
decision-making. The migration nexus framework (Figure 3) illustrates the interlinkages and process
within the water-food-socio-economic system and the drivers of migration. The migration nexus
conceptual framework (Figure 3) illustrates the flow processes and nature of migration outcomes at
a given point and time and space. Migration is influenced by societal, climatic and environmental
changes, whose impacts results in either pull or push factors. The impacts determine the vulnerability
of a place to change and inform whether to migrate due to resource availability, exposure and sensitivity.
The migration nexus serves as a lens to understand the complex migration processes, simplifying
the relationships between the components of the nexus that include water, food and socio-economic
factors. The premise is to develop sustainable migration adaptation strategies and ensure inclusive
region development and integration.

Nexus planning is oriented towards providing integrated solutions to complex systems through
transformative and polycentric methods, other than linear or monocentric methods [28]. In developing
the water-food-socio-economic nexus framework, we considered the complexity of integrating
interlinked water and food security, climate action, social safety and stability and better opportunities
and their heterogeneity over space and time and societal feedback (Figure 3); climate change was
considered as a driver. Thus, nexus planning is preferred as it addresses complex relationships and
their multi-causality within a nexus framework [60]. The approach provides pathways to achieve
regional integration, respond to climate change, improve livelihoods, reduce poverty and offer better
opportunities through sustainable migration. It simplifies the understanding of the critical drivers of
change and factors that cause certain outcomes or the interactions that govern specific behaviors that
exacerbate risk and vulnerability (Figure 3).

To achieve sustainable economic development at regional scale and ensure sustainable migration
policies, a set of sustainability indicators related to water and food security, safety and stability and
better opportunities are defined (Table 2). Sustainability indicators provide quantitative relationship
among different components. The use of sustainability indicators in nexus planning is based on
achieving sustainable development [61]. Sustainable development is meant to balance different and
competing socio-ecological necessities [62]. A sustainable system provides for human needs and at the
same maintaining a healthy environment [63,64]. Thus, sustainability indicators are simplified tools to
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unbundle the complex interrelationships among interdependent components of a system and turning
those relationships into simple formulations that make assessments simpler [65]. The indicators given
in Table 2 were derived from Sustainable Development Goals (SDGs) indicators and thus the approach
can be used to assess progress towards SDGs.
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and the factors involved in transforming migration into an adaptation strategy.

Table 2. Sustainability indicators to establish relationships among migration nexus planning.
The indicators are the same with SDG indicators and thus, can be used to assess progress towards SDGs.

Component Sub-Component Indicator SDG Indicator

Proportion of available freshwater

. 6.4.2
Water Water security resources per capita
Proportion of crops produced per unit
6.4.1
of water used
Prevalence of moderate/severe food 210
Food Food security insecurity in the population
Proportion of sustainable agricultural 241
production per unit area o
Conlflict-related deaths per 100,000 1612
Societal factors Safety and stability populatlon
Proportion of population satisfied with 16.6.2
public service experience o
Proportion of population living below 121
Economic factors Better opportunities the poverty line
Proportion of population living in 141

households with access to basic services

The sustainability indicators (Table 2) were used to establish numerical relationships between
WEEF nexus sectors through the Analytic Hierarchy Process (AHP), a multicriteria decision-making
method (MCDM) [29]. Through the pairwise comparison matrix (PMC) method of the AHP, indices for
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each indicator were defined as described by Nhamo et al. [29]. The indices were used to develop the
spider graph (Figure 4) that established integrated quantitative relationship among the indicators [28].

Water availability
0.400
0.350
0.300
0.250
Cereal productivity 0.200 Water productivity
0.150
0.100
0.050
0.000

Food self-sufficiency Energy accessibility

Energy productivity

Figure 4. Current resources management in southern Africa, resembling an imbalanced development.
The irregular shape of the yellow centerpiece indicates an unsustainable resources development in the
region, which often leads to migration. Source: Mabhaudhi et al., 2019 [28].

The deformed and irregular shape of the centerpiece of the spider graph (Figure 4) is an indication
of a poorly managed resource base, which normally leads to unsustainable development, which then
triggers migration. Nexus planning thus becomes important for establishing the numerical relationships
among the indicators, to indicate areas for priority intervention. In southern Africa, there is much focus
on food self-sufficiency at the expense of other resources. The region needs to equally develop other
sectors, achieve a circular shape of the centerpiece and create an environment for planned migration.

Nexus planning facilitates an integrated analysis of closely linked elements determining migration
and the societal feedback (Figure 3). The key point is to manage climate-induced migration and gain
mutual benefits in both receiving and sending areas. As a resilient and adaptive management approach,
nexus planning for migration informs decisions in the face of uncertainty and unpredictable feedback
and reduces risk and vulnerability that is caused by unpreparedness that may be caused by migration.
Thus, the migration as an adaptation strategy focuses on thematic areas of vulnerability, mitigation,
preparedness, response and recovery. Nexus planning in migration can reduce population pressure
and exposure in high risk areas, while increasing the absorptive capacity of receiving areas. In terms of
economic implications, mobility can represent an income diversification strategy, and it can play a
key role in poverty reduction, mainly due to the remittances that are used for long-term investments
in health and education opportunities. Therefore, nexus planning for climate-induced migration is
win-win strategy which allows for climate action, including mitigation and adaptation, and the solving
of numerous socio-economic challenges that southern Africa is currently facing. The migration nexus
is thus a decision support framework that provides evidence-based intervention strategies to transform
migration into a mitigation and adaptation strategy.

4. Recommendations

Southern Africa is facing several challenges that include climate change, rural to urban migration,
population growth, food and nutrition insecurity, excessive water withdrawal, land degradation and
deforestation, anthropogenic gas emissions, among others. These challenges are the major drivers
of migration in southern Africa, and they require transformative approaches like nexus planning to
transform migration into a mitigation and adaptation strategy. Nexus planning has the potential to
reduce economic risk and enhances the mutual benefits of migration in both receiving and sending
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areas. There is need of relevant and coherent policies that link the adaptive strategies of migration
in migrant communities to labor deficits in host nations. Circular migration schemes are a better
option as they to allow seasonal labor migration. The challenge is regional and thus, requires regional
approaches and strategies to turn migration into an adaptation strategy.

Despite the presence of regional legal and institutional frameworks, there is little evidence
of their implementation to reduce the risk of migration [14]. The Southern African Development
Community (SADC) has ratified the following regional legal frameworks on migration, but with little
implementation: (i) SADC Protocol on Employment and Labor, (ii) Regional Labor and Migration
Policy, which was adopted in 2014, (iii) Labor Migration Action Plan 2013-2015, (iv) Labor Migration
Action Plan 2016-2019, (v) Draft Protocol on the Facilitation of Movement of Persons, adopted in 2005
and (vi) The Decent Work Program 2013-2019, adopted in 2013 [66,67]. There is a need to actively
find solutions to climate migration as it threatens to cause devastating consequences on development,
livelihoods and adaptation. However, focus was on political and economic migration, leaving behind
climate migration.

Migration should no longer be viewed as a problem, but as an adaptation strategy as well as
a policy for economic development. In this regard, migration can translate into economic growth
through increased income tax revenues and skilled labor to the receiving area, especially if it is planned
migration. The United States of America (USA) and the European Union (EU) have benefited from
planned migration [68]. The bi-dimensional solutions of migration include addressing the drivers of
migration in places of origin and formulating adaptation strategies that prepare the receiving place to
accommodate migrants. Addressing the drivers of migration, should be accompanied by the enhancing
the resilience in both receiving and sending areas in a holistic manner. Nexus approaches are best
suited for such planning, particularly in fast-changing environments in which we live. We propose the
following action areas to achieve sustainability through migration:

a.  There are great opportunities to benefit from leveraging and enhancing the flow of intra-regional
labor migrants in southern Africa through exchange of scarce skills. Free movement of skilled
labor in the region presents opportunities for inclusive economic development and regional
integration, especially taking a cue from the USA and the EU;

b.  Planned migration presents triple benefits as the migrants themselves, the communities from
where migrants come from, as well as the receiving area benefit economically [69]. This positive
perspective does not consider migration as a burden on destination areas or lost brain drain on
sending region;

c.  Coordinated regional migration has potential to enhance development strategies and could be
poised to witness regional development nodes or industrial belts that could create employment
opportunities through resource sharing as most of resources in the region are shared by
countries [5];

d. The region needs to collect disaggregated migration data in a systematic way, which may be
used to inform policy decisions on addressing the drivers of migration through nexus planning.
This will enable the formulation of context-based migration adaptation strategies. The analysis of
such data provides long-term solutions to the challenges posed by migratory patterns such as
demographic transitions and structural transformation in the society as driven by climate change.

5. Conclusions

Current trends and indications point to migration and other global challenges like climate change
and rapid urbanization shaping the future of the world. Migration is projected to become more
widespread and prevalent due to worsening impacts of and vulnerability to, environmental stressors.
This study development a water-food-socio-economic nexus conceptual framework to illustrate the
drivers of migration and the factors involved in transforming migration into an adaptation strategy.
We also used a nexus planning model to establish numerical relationships among migration indicators
to identify priority areas for intervention. This is relevant given the impact of climate change on
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agriculture-dependent livelihoods and resulting migration. Increasing temperatures have contributed
towards a reduction in crop yields in the rainfed agricultural sector, reducing the contribution of
agriculture to nations’ gross domestic products. This has already resulted in loss of livelihood
and incomes for many, food and nutrition insecurity and health impacts, forcing people to move.
Climate-induced migration is increasing pressure on already depleted water and energy resources
in urban areas. Incorporating the migration nexus and nexus planning into developmental plans
could go a long way in building resilience and adapting to future changes, resource insecurity and
instability in southern Africa. Nexus planning has the potential to promote equitable development
and resource distribution and improve the livelihoods of marginalized urban and rural communities,
thereby building their resilience. Improving the response capacity and resilience of these communities
could also provide incentive for migrants to stay in their homes and potentially decrease the rate of
intra- and inter-migration.

Author Contributions: Conceptualization, S.M., L.N. and T.M.; methodology, L.N. and S.H.; validation, D.N.,
S.L., ATM. and TM,; formal analysis, S.M., L.N. and S.H.; investigation, S.M., S.H. and L.N.; resources, S.M.; data
curation, L.N. and S.H.; writing—original draft preparation, L.N.; writing—review and editing, S.M., SH.,S.L.,
D.N., ATM. and T.M.; visualization, T.M.; supervision, D.N. and T.M,; critical review and redrafting, L.N., S.H.
and T.M.; funding acquisition, S.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Water Research Commission (WRC). The Sustainable and Healthy Food
Systems (SHEFS) programme supported by the Wellcome Trust’s Our Planet, Our Health program [Grant Number:
205200/Z/16/Z] is acknowledged for supporting S.H., A.T.M. and T.M. The APC was funded by WRC’s Research
Development Branch.

Acknowledgments: This study is as a result of the WEF nexus research initiative by the Water Research
Commission’s (WRC) WEF Nexus Lighthouse in partnership with the Center for Transformative Agricultural and
Food Systems at the University of KwaZulu-Natal.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Hugo, G. Migration, Development and Environment; International Organization for Migration (IOM): Geneva,
Switzerland, 2008; p. 68, ISBN 9211036658.

2. Opitz Stapleton, S.; Nadin, R.; Watson, C.; Kellett, J. Climate Change, Migration and Displacement: The Need for a
Risk-Informed and Coherent Approach; Overseas Development Institute (ODI): London, UK; United Nations
Development Programme (UNDP): New York, NY, USA, 2017; p. 36.

3. Thomas, K.; Hardy, R.D.; Lazrus, H.; Mendez, M.; Orlove, B.; Rivera-Collazo, I.; Roberts, ].T.; Rockman, M.;
Warner, B.P.; Winthrop, R. Explaining differential vulnerability to climate change: A social science review.
Wiley Interdiscip. Rev. Clim. Chang. 2019, 10, e565. [CrossRef] [PubMed]

4. Field, C.B,; Barros, V.R.; Mastrandrea, M.D.; Mach, K.J.; Abdrabo, M.-K.; Adger, N.; Anokhin, Y.A,;
Anisimov, O.A.; Arent, D.J.; Barnett, J. Summary for policymakers. In Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change; Cambridge University Press: London, UK,
2014; pp. 1-32.

5. Nhamo, L.; Ndlela, B.; Nhemachena, C.; Mabhaudhi, T.; Mpandeli, S.; Matchaya, G. The water-energy-food
nexus: Climate risks and opportunities in southern Africa. Water 2018, 10, 567. [CrossRef]

6.  Alexandratos, N.; Bruinsma, J. World Agriculture towards 2030/2050: The 2012 Revision; Food and Agriculture
Organisation of the United Nations (FAO): Rome, Italy, 2012; p. 154.

7. Hagemann, N.; Kirschke, S. Key issues of interdisciplinary NEXUS governance analyses: Lessons learned
from research on integrated water resources management. Resources 2017, 6, 9. [CrossRef]

8. Lee, B.; Preston, F.; Kooroshy, J.; Bailey, R.; Lahn, G. Resources Futures; Chatham House: London, UK, 2012;
p- 234.

9. Tacoli, C. Urbanization, Gender and Urban Poverty: Paid Work and Unpaid Carework in the City; United Nations
Population Fund (UNFPA); International Institute for Environment and Development (IIED): New York, NY,
USA, 2012; p. 48, ISBN 184369848X.


http://dx.doi.org/10.1002/wcc.565
http://www.ncbi.nlm.nih.gov/pubmed/31007726
http://dx.doi.org/10.3390/w10050567
http://dx.doi.org/10.3390/resources6010009

Sustainability 2020, 12, 4722 12 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Hugq, N.; Hugé, J.; Boon, E.; Gain, A. Climate change impacts in agricultural communities in rural areas of
coastal Bangladesh: A tale of many stories. Sustainability 2015, 7, 8437-8460. [CrossRef]

Ashrafuzzaman, M.; Furini, G.L. Climate change and human health linkages in the context of globalization:
An overview from global to southwestern coastal region of Bangladesh. Environ. Int. 2019, 127, 402—411.
[CrossRef]

Kolmannskog, V. Climate Change, Disaster, Displacement and Migration: Initial Evidence from Africa; United
Nations High Commissioner for Refugees (UNHCR): Geneva, Switzerland, 2009; p. 18.

Anzellini, V.; Desai, B.; Fung, V.; Ginnetti, J.; Milano, L.; Montandon, R.; Ponserre, S. Global Disaster
Displacemenr Risk: A Baseline for Future Work: Thematic Report; Internal Displacement Monitoring Centre
(IDMC): Geneva, Switzerland, 2017; p. 40.

Pinto-Dobernig, I. Migration and Climate Change; International Organization for Migration (IOM): Geneva,
Switzerland, 2008; p. 64.

Pillay, S.; Barolsky, V.; Naidoo, V.; Mohlakoana, N.; Hadland, A. Citizenship, Violence and Xenophobia in South.
Africa: Perceptions from South. African Communities; Human Sciences Research Council (HSRC): Pretoria,
South Africa, 2008; p. 59.

Levy, B.S; Sidel, V.W.; Patz, J.A. Climate change and collective violence. Annu. Rev. Public Health 2017, 38,
241-257. [CrossRef]

Pasini, A.; Mastrojeni, G.; Tubiello, EN. Climate actions in a changing world. Anthr. Rev. 2018, 5, 237-241.
[CrossRef]

Cai, R;; Feng, S.; Oppenheimer, M.; Pytlikova, M. Climate variability and international migration:
The importance of the agricultural linkage. J. Environ. Econ. Manag. 2016, 79, 135-151. [CrossRef]
Marchiori, L.; Maystadt, J.-F.; Schumacher, I. The impact of weather anomalies on migration in sub-Saharan
Africa. ]. Environ. Econ. Manag. 2012, 63, 355-374. [CrossRef]

Black, R.; Bennett, S.R.; Thomas, S.M.; Beddington, J.R. Climate change: Migration as adaptation. Nature
2011, 478, 447. [CrossRef]

Bhugra, D.; Becker, M. A. Migration, cultural bereavement and cultural identity. World Psychiatry 2005, 4, 18.
[PubMed]

Bohra-Mishra, P.; Oppenheimer, M.; Hsiang, S.M. Nonlinear permanent migration response to climatic
variations but minimal response to disasters. Proc. Natl. Acad. Sci. USA 2014, 111, 9780-9785. [CrossRef]
[PubMed]

Raleigh, C.; Jordan, L. Climate change and migration: Emerging patterns in the developing world. In The
Social Dimensions of Climate Change: Equity and Vulnerability in a Warming World; Mearns, R., Norton, A., Eds.;
World Bank: Washington, DC, USA, 2010; pp. 103-133.

Renaud, EG.; Dun, O.; Warner, K.; Bogardi, J. A decision framework for environmentally induced migration.
Int. Migr. 2011, 49, e5-e29. [CrossRef]

Nhamo, L.; Mabhaudhi, T.; Magombeyi, M. Improving water sustainability and food security through
increased crop water productivity in Malawi. Water 2016, 8, 411. [CrossRef]

Mpandeli, S.; Naidoo, D.; Mabhaudhi, T.; Nhemachena, C.; Nhamo, L.; Liphadzi, S.; Hlahla, S.; Modi, A.
Climate change adaptation through the water-energy-food nexus in southern Africa. Int. J. Environ. Res.
Public Health 2018, 15, 2306. [CrossRef]

De Haas, H. The Determinants of International Migration: Conceptualising Policy, Origin and Destination Effects;
International Migration Institute (IMI), Oxford University: London, UK, 2011; p. 35.

Mabhaudhi, T.; Nhamo, L.; Mpandeli, S.; Nhemachena, C.; Senzanje, A.; Sobratee, N.; Chivenge, P.P;
Slotow, R.; Naidoo, D.; Liphadzi, S. The Water-Energy-Food Nexus as a Tool to Transform Rural Livelihoods
and Well-Being in Southern Africa. Int. . Environ. Res. Public Health 2019, 16, 2970. [CrossRef]

Nhamo, L.; Mabhaudhi, T.; Mpandeli, S.; Dickens, C.; Nhemachena, C.; Senzanje, A.; Naidoo, D.; Liphadzi, S.;
Modi, A.T. An integrative analytical model for the water-energy-food nexus: South Africa case study.
Environ. Sci. Policy 2020, 109, 15-24. [CrossRef]

Biggs, E.M.; Bruce, E.; Boruff, B.; Duncan, ].M.; Horsley, J.; Pauli, N.; McNeill, K.; Neef, A.; Van Ogtrop, F.;
Curnow, J. Sustainable development and the water—energy—food nexus: A perspective on livelihoods.
Environ. Sci. Policy 2015, 54, 389-397. [CrossRef]

While, A.; Whitehead, M. Cities, urbanisation and climate change. Urban Stud. 2013, 50, 1325-1331.
[CrossRef]


http://dx.doi.org/10.3390/su7078437
http://dx.doi.org/10.1016/j.envint.2019.03.020
http://dx.doi.org/10.1146/annurev-publhealth-031816-044232
http://dx.doi.org/10.1177/2053019618794213
http://dx.doi.org/10.1016/j.jeem.2016.06.005
http://dx.doi.org/10.1016/j.jeem.2012.02.001
http://dx.doi.org/10.1038/478477a
http://www.ncbi.nlm.nih.gov/pubmed/16633496
http://dx.doi.org/10.1073/pnas.1317166111
http://www.ncbi.nlm.nih.gov/pubmed/24958887
http://dx.doi.org/10.1111/j.1468-2435.2010.00678.x
http://dx.doi.org/10.3390/w8090411
http://dx.doi.org/10.3390/ijerph15102306
http://dx.doi.org/10.3390/ijerph16162970
http://dx.doi.org/10.1016/j.envsci.2020.04.010
http://dx.doi.org/10.1016/j.envsci.2015.08.002
http://dx.doi.org/10.1177/0042098013480963

Sustainability 2020, 12, 4722 13 of 14

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Boyd, E.; Juhola, S. Adaptive climate change governance for urban resilience. Urban Stud. 2015, 52, 1234-1264.
[CrossRef]

Docquier, F.; Rapoport, H. Globalization, brain drain, and development. J. Econ. Lit. 2012, 50, 681-730.
[CrossRef]

Wei, Y,; Huang, C.; Lam, P; Sha, Y.; Feng, Y. Using urban-carrying capacity as a benchmark for sustainable
urban development: An empirical study of Beijing. Sustainability 2015, 7, 3244-3268. [CrossRef]

Van Hear, N.; Bakewell, O.; Long, K. Drivers of Migration; University of Oxford: London, UK, 2012; p. 44.
Castelli, F. Drivers of migration: Why do people move? |. Travel Med. 2018, 25, tay040. [CrossRef] [PubMed]
Johnson, K.M.; Voss, P.R.; Hammer, R.B.; Fuguitt, G.V.; McNiven, S. Temporal and spatial variation in
age-specific net migration in the United States. Demography 2005, 42, 791-812. [CrossRef]

Morton, J.E. The impact of climate change on smallholder and subsistence agriculture. Proc. Natl. Acad.
Sci. USA 2007, 104, 19680-19685. [CrossRef]

Heslin, A.; Deckard, N.D.; Oakes, R.; Montero-Colbert, A. Displacement and resettlement: Understanding
the role of climate change in contemporary migration. In Loss and Damage from Climate Change; Springer:
Berlin/Heidelberg, Germany, 2019; pp. 237-258.

Ptivara, A.; P¥ivarova, M. Nexus between Climate Change, Displacement and Conflict: Afghanistan Case.
Sustainability 2019, 11, 5586. [CrossRef]

Purvis, B.; Mao, Y.; Robinson, D. Three pillars of sustainability: In search of conceptual origins. Sustain. Sci.
2019, 14, 681-695. [CrossRef]

Flahaux, M.-L.; De Haas, H. African migration: Trends, patterns, drivers. Comp. Migr. Stud. 2016, 4, 1.
[CrossRef]

Abubakar, I.; Aldridge, R.W.; Devakumar, D.; Orcutt, M.; Burns, R.; Barreto, M.L.; Dhavan, P,; Fouad, EM.;
Groce, N.; Guo, Y. The UCL-Lancet Commission on Migration and Health: The health of a world on the
move. Lancet 2018, 392, 2606-2654. [CrossRef]

Matlin, S.A.; Depoux, A.; Schiitte, S.; Flahault, A.; Saso, L. Migrants’ and refugees’ health: Towards an
agenda of solutions. Public Health Rev. 2018, 39, 1-55. [CrossRef]

Davis, C.L.; Vincent, K. Climate Risk and Vulnerability: A Handbook for Southern Africa, 2nd ed.; CSIR: Pretoria,
South Africa, 2017; p. 18.

Nhamo, L.; Mabhaudhi, T.; Modi, A. Preparedness or repeated short-term relief aid? Building drought
resilience through early warning in southern Africa. Water SA 2019, 45, 75-85. [CrossRef]

Gubha-Sapir, D.; Below, R.; Hoyois, P. The International Disaster Database. Centre for Research on the Epidemiology
of Disasters (CRED): The CRED/OFDA International Disaster Database; Université Catholique de Louvain:
Brussels, Belgium, 2019.

CARE. Fleeing Climate Change: Impacts on Migration and Displacement; CARE International: Copenhagen,
Denmark, 2016; p. 50.

Besada, H.; Werner, K. An assessment of the effects of Africa’s water crisis on food security and management.
Int. J. Water Resour. Dev. 2015, 31, 120-133. [CrossRef]

Atapattu, S.A.Y. A New Category of Refugees? In Climate Refugees; ROUTLEDGE in association with GSE
Research: Abingdon, UK, 2018; Volume 34, pp. 34-51.

Ionesco, D.; Mokhnacheva, D.; Gemenne, F. The Atlas of Environmental Migration; Routledge: London, UK;
New York, NY, USA, 2017; p. 71.

Mabhaudhi, T.; Mpandeli, S.; Madhlopa, A.; Modi, A.T.; Backeberg, G.; Nhamo, L. Southern Africa’s
water—energy nexus: Towards regional integration and development. Water 2016, 8, 235. [CrossRef]

Bank, W. The Zambezi River basin a multi-sector investment opportunities analysis. In Modeling, Analysis
and Input Data; The World Bank Washington, DC: Washington, DC, USA, 2010; Volume 4, p. 158.
Mabhaudhi, T.; Mpandeli, S.; Nhamo, L.; Chimonyo, V.G.; Nhemachena, C.; Senzanje, A.; Naidoo, D.;
Modi, A.T. Prospects for improving irrigated agriculture in southern Africa: Linking water, energy and food.
Water 2018, 10, 1881. [CrossRef]

Chilonda, P; Minde, I. Agricultural growth trends in Southern Africa. In Policy Brief: Regional Strategic
Analysis and Knowledge Support System for Southern Africa (ReSAKSS-SA); International Water Management
Institute (IWMI): Pretoria, South Africa, 2007; p. 4.

Grillitsch, M.; Hansen, T. Green industry development in different types of regions. Eur. Plan. Stud. 2019, 27,
2163-2183. [CrossRef]


http://dx.doi.org/10.1177/0042098014527483
http://dx.doi.org/10.1257/jel.50.3.681
http://dx.doi.org/10.3390/su7033244
http://dx.doi.org/10.1093/jtm/tay040
http://www.ncbi.nlm.nih.gov/pubmed/30053084
http://dx.doi.org/10.1353/dem.2005.0033
http://dx.doi.org/10.1073/pnas.0701855104
http://dx.doi.org/10.3390/su11205586
http://dx.doi.org/10.1007/s11625-018-0627-5
http://dx.doi.org/10.1186/s40878-015-0015-6
http://dx.doi.org/10.1016/S0140-6736(18)32114-7
http://dx.doi.org/10.1186/s40985-018-0104-9
http://dx.doi.org/10.4314/wsa.v45i1.09
http://dx.doi.org/10.1080/07900627.2014.905124
http://dx.doi.org/10.3390/w8060235
http://dx.doi.org/10.3390/w10121881
http://dx.doi.org/10.1080/09654313.2019.1648385

Sustainability 2020, 12, 4722 14 of 14

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

De Haas, H.; Czaika, M.; Flahaux, M.L.; Mahendra, E.; Natter, K.; Vezzoli, S.; Villares-Varela, M. International
Migration: Trends, Determinants, and Policy Effects. Popul. Dev. Rev. 2019, 45, 885-922. [CrossRef]
Barnett, J.; Webber, M. Accommodating Migration to Promote Adaptation to Climate Change; Commission on
Climate Change and Development (CCDC): Stockholm, Sweden, 2009.

Schwan, S.; Yu, X. Social protection as a strategy to address climate-induced migration. Int. J. Clim. Chang.
Strateg. Manag. 2018, 10, 43—64. [CrossRef]

Albrecht, T.R.; Crootof, A.; Scott, C.A. The Water-Energy-Food Nexus: A systematic review of methods for
nexus assessment. Environ. Res. Lett. 2018, 13, 043002. [CrossRef]

Hoff, H. Understanding the Nexus: Background Paper for the Bonn2011 Conference: The Water, Energy and Food
Security Nexu; Stockholm Environment Institute (SEI): Stockholm, Sweden, 2011; p. 52.

Meadows, D.H.; Meadows, D.H.; Randers, J.; Behrens, WW., IIL. The Limits to Growth: A Report to the Club of
Rome. A Report for the Club of Rome on the Predicament of Mankind; Universe Books: Washington, DC, USA,
1972; p. 211.

Breslow, S.J.; Allen, M.; Holstein, D.; Sojka, B.; Barnea, R.; Basurto, X.; Carothers, C.; Charnley, S.;
Coulthard, S.; Dolsak, N. Evaluating indicators of human well-being for ecosystem-based management.
Ecosyst. Health Sustain. 2017, 3, 1-18. [CrossRef]

Shilling, F.; Khan, A.; Juricich, R.; Fong, V. Using indicators to measure water resources sustainability in
California. In Proceedings of the World Environmental and Water Resources Congress 2013: Showcasing the
Future, Cincinnati, OH, USA, 19-23 May 2013; pp. 2708-2715.

Ciegis, R.; Ramanauskiene, ].; Startiene, G. Theoretical reasoning of the use of indicators and indices for
sustainable development assessment. Eng. Econ. 2009, 63, 33-40.

Maunganidze, O.A.; Formica, J. Freedom of Movement in Southern Africa: A SADC (Pipe) Dream? Institute for
Security Studies (ISS): Pretoria, South Africa, 2018; p. 24.

Nshimbi, C.C.; Fioramonti, L. The will to integrate: South Africa’s responses to regional migration from the
SADC region. Afr. Dev. Rev. 2014, 26, 52-63. [CrossRef]

Zimmermann, K.F. European labour mobility: Challenges and potentials. De Econ. 2005, 153, 425-450.
[CrossRef]

Satterthwaite, D. The impact of urban development on risk in sub-Saharan Africa’s cities with a focus on
small and intermediate urban centres. Int. J. Disaster Risk Reduct. 2017, 26, 16-23. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1111/padr.12291
http://dx.doi.org/10.1108/IJCCSM-01-2017-0019
http://dx.doi.org/10.1088/1748-9326/aaa9c6
http://dx.doi.org/10.1080/20964129.2017.1411767
http://dx.doi.org/10.1111/1467-8268.12092
http://dx.doi.org/10.1007/s10645-005-2660-x
http://dx.doi.org/10.1016/j.ijdrr.2017.09.025
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Literature Review 
	Methodological Framework 

	Results and Discussion 
	Evidence from Literature: Migration Patterns, Risks and Impacts 
	Implications of Climate Refugees on Essential Resources 
	Transforming Migration into a Climate Adaptation Strategy through Nexus Planning 

	Recommendations 
	Conclusions 
	References

