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Abstract 

This paper sets out to show how Socio-Ecological Production Landscapes (SEPL) 
are the natural stage for the sustainable development of the Water–Energy–Food 
Nexus (WEF-Nexus) of rural inhabitants enduring insecure livelihoods and facing 
climatic changes. 
     Globally, about one billion people face water-insecurity, which is often 
interconnected with equally devastating deficiencies in energy- and food-security. 
The literature review revealed, that researchers, policy-makers and practitioners 
have shown that silo thinking, institutional mismatch, data gaps, the neglect of 
rural reality and a devaluation of local environmental knowledge block any efforts 
to improve the situation of either water-, energy- or food-security, and improved 
environmental governance and sustainable development in general. Long term 
approaches, integrative institutions coinciding with the natural systems, multilevel 
stakeholder participation and the maintenance and renewal of local, traditional 
techniques by diverse sets of knowledge have been identified as appropriate 
solutions to overcome those roadblocks. While the usual view of WEF-Nexus 
literature takes on a national and transboundary perspective, this on hand desk 
study argues that these solutions can be most effectively promoted on a SEPL scale. 
Despite rural exodus occurring in some regions, about 70% of the “bottom billion” 
still live in rural areas where their well-being and resilience depends strongly on 
the functioning of the local ecosystems and its services. Development efforts that 
recognize these dependencies and address them on the right level will result in 
sustainable and resilient livelihoods. 
Keywords: water security, energy security, food security, landscape management, 
livelihood security, resilience, multilevel stakeholder participation, environmental 
governance, sustainable development, water–energy–food nexus. 
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1 Introduction 

Throughout history, humans have settled near locations of safe water, energy and 
food supply. If the provision was not steady, roaming was practiced and with the 
developments over time techniques and technologies were invented to secure  
the provision of these basics of life over longer distances and/or in times of 
deficiency. And so began the story of altering ecosystems and whole landscapes. 
The human spirit pushed for ever more discoveries and alongside evolved 
governance structures and sciences systematizing those efforts. The organization 
of access and distribution of the given resources decided about the rise and fall of 
societies [1–3]. The complexity of the human-natural interaction kept increasing 
and reached its current global level of interconnectedness over all scales and 
spaces, a peak coined with the term anthropocene [4, 5]. Some view it as a possible 
breach of planetary [6] or at least regional boundaries [7]. At the same time, the 
world population is still growing and more than one billion people struggle daily 
to secure their livelihood [8–10]. In this world ca. 870 million people are 
undernourished [11], 1.3 billion people live without electricity access [12] and 
about 1 billion humans live without adequate access to water [13]. The projected 
global demand for water [14], energy [15] and food [16] steadily increases with 
population growth over the coming decades [17] and all of this happens in the light 
of changing climatic conditions around the globe [18]. 
     The dimension and complexity of these challenges are not fully new. The 
different UN decades, the Rio-conventions and the development cooperation 
arrangements have tried one way or the other to eradicate poverty, end hunger and 
fix the human-environmental relations. Setting out from these challenges on the 
eve of the crafting of the sustainable development goals [19] the conducted 
literature review yielded three aspects: 1) roadblocks that have hindered so far the 
(more) successful implementation of efforts to secure livelihoods and to improve 
environmental governance of public resources; 2) what needs to be done to 
overcome these roadblocks; and 3) that the Water–Energy–Food Nexus (WEF-
Nexus) approach on a Socio-Ecological Production Landscape (SEPL) scale is 
very suitable to do so. The aim of the paper is to contribute to the ongoing debates 
on the practical implementation of sustainable development, especially with focus 
on the one billion people underserved, to highlight the importance of 
multifunctional landscapes for securing livelihoods and to pin point an 
underrepresented field of research and policy, namely a local, bottom-up view, in 
the newly evolving policy- and research-field of WEF-Nexus. 

2 Roadblocks of sustainable development 

Throughout different scientific fields the literature study revealed two clusters of 
problems creating roadblocks on the way to sustainable development. One 
problem cluster is set around “silo thinking”, while the other is summed up as 
“neglect of rural reality”. 
     To approach the aforementioned challenges of livelihood security only from 
one perspective, disregarding the natural boundaries of ecosystems, horizontally 
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through one single governance level or vertically along the lines of just one topic 
or scientific discipline is ultimately an undertaking failing to improve human-
environmental relations overall and therefore not sustainable [14, 16, 20, 21]. 
Looking at the dimension and complexity of the mentioned challenges, hardly 
anyone can be expert in all of the mentioned topics at once [23]. However, coming 
with the nature of division of labor often also comes a division of views and 
institutional competencies. For example, policy reports about food or agriculture 
likely consider energy and water as mere input, while water might not be even 
mentioned as such in an energy assessment [10]. A further dimension of the silo 
thinking is the institutional mismatching, meaning that institutions` 
responsibilities often do not coincide with the scale and/or properties of the natural 
system or common pool resource they are supposed to govern. The provisioning 
ecosystem services (e.g. food, timber) depending on intact biodiversity for 
example are largely provided on a local or landscape scale but often the governing 
institutions do not reflect this level [21]. So these various aspects of silo thinking 
might make the analysis of a problem at first easier and more comprehensible, yet 
in the long term create fragmented responsibilities, leading up to legal 
inconsistencies, false incentives, and disregard of externalities. As a consequence, 
the problems would not be solved overall and can contribute to already existing 
conflicts [7, 9, 21, 23–25]. 
     In developing countries, the multipurpose utilization of water, energy and food 
from multiple sources is a reality in rural settings, but policies, research and 
development activities often neglect, oversee or ignore this [26–28]. One eminent 
result of this is a large knowledge and data gap on water, energy and food 
production and consumption especially for the livelihoods of the bottom billion 
with their variations in sources, sometimes as informal or illegal considered 
livelihood practices and reliance on ecosystem services [9, 14, 29–33]. For 
example, data about mechanical power technologies is, despite their importance 
in rural livelihood security basically non-existent [30]. Besides the data gap, there 
is also a disregard and devaluation of local ecological, traditional and indigenous 
knowledge, which have their roots in experience, inherit mostly the principles of 
sustainability and rely on the legacy of generations living at a given place [23, 34–
40]. 

3 Addressing rural realities and silo thinking 

The combination of growing demand for resources, their increasing depletion, and 
the problems created through silo thinking can create competition for water, 
energy and food between different user groups, exacerbating the exploitation and 
depletion of the ecosystems [16, 20, 24, 41]. Dialogue, trust- and consensus-
building are necessary to identify, create and utilize synergies and to manage 
socio-ecologic system (SES) and its ecosystem services effectively, efficiently and 
equitable in order to reduce conflictive dynamics. Integrative institutions play a 
fundamental role in this [9, 20, 42–44]. They are set up in accordance with the 
rural reality of multipurpose utilization of water, energy and food from multiple 
sources and the diversity of local stakeholders, and thus enhance the access to 
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resources, goods and services. Furthermore they support the strengthening, 
innovation and climate proofing of local environmental knowledge. [28, 44, 45–
47] The maintenance, re-establishment and renewal of traditional methods and
local knowledge improve the resilience of the people in “their” landscape and form 
a chance for proactive investment [34, 35, 37, 38, 48]. Stakeholder participation 
that is open for different sets of knowledge from multiple levels, yet close to the 
application of techniques, technologies and the utilization of water, energy and 
food and the provision of ecosystem services brings about meaningful, local data, 
improves social capital and results in locally applicable and therefore relevant 
activities that take the rural realities into account. This way ownership can be 
created and blind spots in policy and project design uncovered as already existing 
local coping strategies and adaptation efforts can be identified, included and/or 
improved [7, 16, 33, 37, 41, 43, 49–51]. 

4 Cutting short with the WEF-Nexus and SEPL 

To address the challenges of the roughly one billion underserved and find ways of 
how to clear the roads to sustainable development, the Water–Energy–Food Nexus 
(WEF-Nexus) concept was presented in 2011 at the Bonn Nexus Conference, held 
in preparation of the Rio+20 Summit. This approach views its three elements not 
as separate fields but as one interdependent hub and therefore underlines 
the interlinkages, synergies and trade-offs between water, energy and food. In the 
WEF-Nexus publications the focus lies especially on three fields of global growth: 
world population, urban areas and the middle-class in transitioning countries with 
their (“westerly”) consumer demands. The larger contexts and interlinkages of the 
above mentioned challenges of water-, energy- and food-security under changing 
climatic conditions are carved out and it has been widely acknowledged that 
the understanding and sustainable management of the WEF-Nexus is one of the 
keystones for establishing livelihood security, the provision of ecosystem services 
and increasing adaptive capacity. The literature underlines very well that the WEF-
Nexus approach overcomes silo-thinking and its attached problems by bringing 
multiple stakeholders together in order to create dialogue and synergies. A strong 
emphasis lies on the international, watershed and transboundary scales, as well as 
on the rising economies of Asia with their growing megacities [1, 3, 6–10, 14, 
29–31, 52–60]. 
     Yet, because about 70% of the underserved billion live in rural areas where the 
resilience, the well-being, so the livelihood security around the WEF-Nexus 
depends strongly on the functioning of the local ecosystems and their regulating, 
provisioning, cultural and supporting services, it can be questioned, if this is 
actually the appropriate scale to recognize the rural realities, the importance of 
local knowledge and appropriate technologies, the coordination and cooperation 
among conflictive user groups and to ultimately increase the productivity of all 
three water, energy and food at once [9, 27, 28, 32, 41, 49, 52, 61]. Therefore, a 
closer look is taken at the concept of Socio-Ecologic Production Landscape 
(SEPL). SEPLs are the result of humankinds’ harmonious, gradual modification 
of all ecosystems in the pursuit for safe water, energy and food sources. They are 
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complex multifunctional systems, a mosaic of different social-ecological 
subsystems consisting of biotic and abiotic components as well as anthropogenic 
structures that relate to each other. SEPLs are the locations of livelihood security 
and made up of a characteristic configuration of topography, vegetation, land use, 
and settlements determined by the social, physical, human, financial, and natural 
capital of the households. If left unmanaged, the system most likely collapses and 
seizes to provide the ecosystem services [24, 35, 36, 41, 62]. The WEF-Nexus is 
interwoven in this fabric across temporal, spatial and organizational scales and the 
SEPLs provisioning of ecosystem services is a determinant of rural livelihood 
security in developing countries. To pursue their livelihood security, which also 
includes water-, energy- and food security, people employ their capital-mix in 
activities to ultimately achieve well-being (physical, social and psychological), the 
security or increase of their capital and an improved resilience. The five different 
forms of household capital are interdependent among each other and the 
interaction of households and communities can be characterized by the various 
capital transactions between the people. If, how and when a capital is or can be 
transformed from one into another depends upon the traders` perceptions of the 
past, present and future status of the capital, as well as the trading partner(s) and 
one`s own ability to achieve the goals under the influence of anthropogenic (e.g. 
institutions, culture and economy) and natural factors (e.g. geographic conditions, 
climatic changes) from within and outside the SEPL [28, 57, 61, 63 66]. The 
livelihood strategies people take can consist of resource based (e.g. fishing, 
farming, forestry, herding) and non-resource based activities (e.g. commerce, 
public services). The capacities of people, especially in form of local ecological, 
indigenous or traditional knowledge of the landscape and its ecosystems’ 
dynamics play a crucial role in their pursuit [35, 46, 64]. The knowledge of and 
access and claims to resources, goods and services remain central determinants for 
the resilience of SEPLs and for securing the WEF-Nexus for another one billion 
people [41, 61, 63, 66]. 
     Bringing various stakeholders together on a SEPL scale in an institutionalized 
way has the advantages of dealing with water, energy and food at once horizontally 
across the silos, but also vertically across scales (household/community/province). 
This way deciding, planning and managing the WEF-Nexus in the light of climate 
change is closer to the rural realities, coincides (more) with the natural systems 
and the livelihoods of the people, promotes social learning, gives legitimacy, 
provides mechanisms of conflict resolution, minimizes bias as well as strengthens 
the factual base and meaningfully integrates the natural and anthropogenic 
dynamics of the WEF-Nexus [21, 24, 35, 43, 45, 48, 70–73].  

5 Conclusion 

With the high dependence of rural inhabitants on local ecosystems and their 
services, and thereby the stronger connection to their landscapes, the search for 
improvements of the Water–Energy–Food Nexus of the one billion underserved 
should start here. Because the presented approach recognizes the rural reality of 
livelihood diversity within a SEPL and the underlying reasons for that, policies 
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and development efforts can be tailor-made based on local data and existing social 
capital. It enables communities to participate locally in tackling water, energy and 
food related issues holistically at the scale that is relevant for them, while national, 
international or transboundary dimensions can be taken into consideration where 
necessary (and not the other way around). Clearly, there is a global unity in that 
water, energy and food are interlinked, but with the SEPLs’ different forms of 
capital, different kinds of ecosystem services and different interlinkages present, 
consequently various sets of WEF-Nexii co-exist within one country, watershed 
or region. 
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