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Preface

In the last two centuries, there has been rapid industrialization with the use of
electrical energy in all fields, including agriculture, following the discovery of new
inventions like steam-powered machines that convert potential energy into kinetic
energy. This process has led to great changes in the residential areas of the world’s
population, especially in developed industrial societies, reflected by a change in
the distribution of the population from rural to urban areas.

The rapid increase in the world’s population (estimated to reach 10 billion in 2050)
necessitates increasing food production on a global scale. According to the United
Nations Food and Agriculture Organization (FAO), world food demand will increase
by 70% by 2050. In addition to food insecurity, the world is experiencing climate
change and global warming. The predicted effects of global warming will affect
settlements, lifestyles, and production systems. As such, new production systems
that are compatible with increasing temperatures brought about by global climate
change should be developed.

Agriculture is vitally important to humanity. Climate change, environmental pollution,
global warming, and the COVID-19 pandemic have highlighted the importance of
food safety and food security. Although awareness of these challenges is greater today
than it has ever been, there is still much work to be done to increase sustainable food
production. Today’s existing agricultural production systems are not sufficient to
ensure food security and overcome the negative effects of supply chain issues. Thus,
new production approaches and technologies in agriculture, such as Industry 4.0 and
Society 5.0, are imperative.

Sustainability is a concept that is spreading widely to various fields and industries. It
encompasses notions of zero waste, renewable energy, and green, circular, and blue
economies. This book discusses sustainability in terms of rural activities.

Orhan Ozgatalbas

Department of Agriculture and Economics,
Institute of Natural and Applied Sciences,
Akdeniz University,

Antalya, Tiirkiye
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Chapter1

An Evaluation of the Transition
from Linear Economy to Circular
Economy

Orhan Ozcatalbag

Abstract

The agriculture sector and food industry have always been essential sectors of
the economy and countries. Factors such as limited resources in the face of a grow-
ing population as well as climate change and even the COVID-19 pandemic, and
between Russia with Ukraine conflict have maximized the strategic importance of the
agro-food industry on a global scale. Since it is a global issue affecting almost every
country adversely, especially the fight against climate change requires institutional
establishment of international cooperation. The aim of this study is to evaluate the
current dynamics of existing economic theories and economic models, highlighting
the transition from linear economy to circular economies. To do this, the concept
of the circular economy and the economy is discussed in relation to the SDGs to
better understand the problem. To evaluate the transition from a linear economy to
a circular economy, again, the sustainability publications were searched using bib-
liometric methods. Mostly four concepts related to sustainability, sustainability and
rural development, circular economy, and green economy were analyzed by using
VOSviewer software. These four concepts are closely associated with sustainability.

Keywords: sustainability, linear economy, green economy, green deal, circular economy

1. Introduction

With its vital functions for humanity, the agro-food industry has always been
an essential sector of the economy. Factors such as limited resources in the face of a
growing population as well as climate change and even the COVID-19 pandemic have
maximized strategic importance to the agricultural industry on a global scale, thus
the sustainability of development and rural life.

Sustainability stands out as a concept whose frequency of use is constantly
increasing in academic literature and socioeconomic life and which remains to be
one of the major agenda items because it represents an important approach to the
future of the world, humanity, and the ecosystem. With its respective methodology in
almost all fields, sustainability has been considered a go-to approach for the earth.

International agreements based on sustainability have been concluded in order to
leave a habitable planet to future generations, given the adverse impact of the global

3 IntechOpen



Sustainable Rural Development Perspective and Global Challenges

climate change. In this context, in September 2000, the United Nations announced
the Millennium Development Goals (MDGs) consisting of eight items, highlighting
“eradication of extreme poverty and hunger” as the first goal. The remaining seven
goals are as follows: promote gender equality and empower women; reduce child mor-
tality; improve maternal health; combat HIV/AIDS, malaria and other diseases; ensure
environmental sustainability; and develop a global partnership for development [1].

Later, the Millennium Development Goals were restructured in 2015, increasing the
number of goals to 17. The first two goals among the Sustainable Development Goals
(SDGs) announced by the UN in 2015 are no poverty and zero hunger. The SDGs went
into effect in January 2016 and will guide UNDP’s policies and financing until 2030.
UNDP, the leading development agency of the United Nations, represents a crucial
potential for the implementation of these goals as it carries out its operations in more
than 170 countries and regions. Although sustainability has not dominated all sectors
in all of the 17 goals of the UN, efforts are underway to be successful at the interna-
tional level. In particular, some important studies and applications need to be carried
out in the field of combating inequality and injustice, especially to “eradicate extreme
poverty (no poverty and zero hunger)” on a global scale. Note that the sustainability
of rural life and production in rural areas, which is still of vital importance for food
production, and thus the increase in welfare in rural areas remain to be major political
agenda items [2]. To achieve the Sustainable Development Goals, the UN Development
Programme (UNDP) needs the involvement of governments, the private sector, civil
society, and citizens. However, unfortunately, it seems that it will not be possible to
achieve these goals until 2030 due to the impacts of the COVID-19 pandemic.

It is clear that it concerns all countries and industries. Therefore, it is no doubt
that it would be appropriate to relate the SDGs to the current realities of sustainable
development.

2. Development, climate change, and agricultural policies

The position of communities in the development process can be defined to
a significant extent by sociocultural, environmental, and economic indicators.
Undoubtedly, the initial phase of the social and economic development of humanity
was dominated by rural and agricultural production. The transition from this initial
phase, namely, agrarian society, to industrial society was not easy, whereas the transi-
tion from industrial society to information society has been far more complicated.
The transition from agrarian society to industrial society began in the second half
of the 18th century when the steam engine was invented and started to be used as a
source of energy. Therefore, in the last two centuries, there has been a rapid industri-
alization process with the use of electrical energy in all fields, including agriculture,
following the advent of new inventions, especially steam-powered machines that
convert potential energy into kinetic energy [3].

This process has led to great changes in the settlement areas of the communities
around the world, particularly in developed industrial societies. Skyrocketing popula-
tion growth has brought with it urbanization and new economic activities, resulting
in alteration and diversification of consumption patterns. This, in turn, has increased
the pressure on the environment and natural resources and the rapid development
process has led to new social and environmental challenges.

Even the projections for the world population keeping on rising and reaching
10 billion by 2050 entail expansion of food production on a global scale. According
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to the estimations of the Food and Agriculture Organization (FAO) of the United
Nations, the global demand for food needs to be increased by 70% by 2050. Hence,
would require raising overall food production by some 70% between 2005/2007 and
2050 [4] related another study; the total global food demand is expected to increase
by 35 to 56% between 2010 and 2050, while the population at risk of hunger is
expected to change by —91 to +8% over the same period. Moreover, if climate change
is taken into account, the ranges change slightly (+30 to +62% for total food demand
and — 91 to +30% for the population at risk of hunger) but with no statistical differ-
ences overall [5]. As shown, the anticipated changes will be so great that they will
affect the settlements, lifestyles, and production and consumption systems.

The fact that all these challenges threaten human life and our planet at a global
scale and the threats of climate change and global warming have made the agri-
cultural industry central to life and production sectors. Considering it from the
perspective of climate change, it is expected that global warming will lead to global
temperature increases every year, resulting in extinction of one quarter of (or more
than 1 million) plant and animal species [6] by 2050. According to the United Nations
Intergovernmental Panel on Climate Change (IPCC) report, each country will be
affected by global climate change at varying levels [7]. This is why the issue of global
warming has been addressed not only conceptually, but also concretely by govern-
ments, economic sectors, and communities. In this context, the UN Framework
Convention on Climate Change (UNFCCC) was adopted in 1990, through which
the signatory countries agreed to reduce the emissions of carbon dioxide and other
greenhouse gases [8].

Considering the climate change projections, the risks posed by global climate
change entail measures for increasing production and productivity in the face of
population growth as well as the development of novel technologies and production
systems based on adaptation to increases in temperature [3]. In this framework,

R&D and technology policies and research and extension (R&E) policies need to be
highlighted.

As is known, worldwide experience shows that new technologies have been the
driver of social and economic development. As shown in Figure 1, “Cumulative
Adoption of Technology” refers to the sum of all countries. Generally speaking, coun-
tries compete to take, use and utilize the technology by their own means (locally) or
under the influence of international scientific research. Naturally, countries’ ability
to produce technology and adoption of innovations lead to faster utilization of the
positive effects of such technologies, but not all countries have the capacity to develop
and transfer from outside and uphold the technologies they need [9]. Therefore, it is
necessary to define a new approach in which the technologies produced for climate
change are considered, in a sense, the “common property of humanity” for countries
that are unable to produce or transfer technology and have no means to compete
with others. It is a fact that the creation of such a culture of sharing will serve all of
the 17 Sustainable Development Goals set forth by the UN. So, in order to reduce the
effects of climate change, which is a global threat to the earth, it will be important
that the UN develops a mechanism that will ensure the exchange of existing and new
technologies to be developed among countries, regardless of their ability to produce
technology.

It is clear that the global climate change will disrupt the current balances, resulting
in adverse impacts on the sustainability of agro-food industry and rural development.
Hence, the UN specifically addresses this issue in its SDG 13 (Take urgent action to
combat climate change and its impacts) and highlights SDG 17 (Partnerships for the
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Figure 1.
Processes and factors determining the divection of change in development and technology.

goals: Strengthen the means of implementation and revitalize the global partner-
ship for sustainable development) as a solution [2]. Since it is a global issue affecting
almost every country adversely, the fight against climate change requires institutional
establishment of international cooperation.

3. Conceptual history of sustainability

In academic circles, there is agreement that sustainable development requires
simultaneous improvement of environmental, social, and economic outcomes [10].
Overall, sustainable development takes a global and long-term perspective for a
prosperous, just, and secure future [11]. Sustainability science has been defined as
“an emerging field of research dealing with the interactions between natural and
social systems, and with how those interactions affect the challenge of sustainability.
Sustainability is one of the most used concepts in almost every field today. This
situation is related to today’s global and local conditions. Here, we look at the histori-
cal background of the concept and discuss the current situation. The derivation of
technical and academic terms and concepts relates to a use, application or invention.
When concepts express approaches, they reflect deeper content, so is the concept of
sustainability [10].

Looking at the past, it can be predicted that there were practices within the scope
of sustainability in different civilizations in the past centuries, although they do
not exactly overlap with today’s terminology and content. This area is a subject of
a separate study, and it is possible to find various examples that can inspire today
when researched. However, when the available sources are examined, the first use
of the term and concept of sustainability dates back to the 18th century. Historically,
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depletion of natural resources is not new and hits renewable resources first. The
scarcity of wood was the concern of feudal Europe and led to the introduction of sus-
tainability principles in forest management. It was in order to preserve wood supplies
for the Kingdom of Saxony where in 1713 it was for the first time clearly formulated
that forestry had to be “sustainable”, which meant that logging and reforestation had
to be in balance. Similar concepts arose in France and Japan [12].

In the same sense as today’s literature, the term “sustainability” itself was used for
the very first time in 1953 by JL. Fisher [13, 14]. However, as an original idea “limits to
growth”, which underlies the whole concept of sustainability and sustainable develop-
ment, and which would later take the form of the contemporarily well-known multi-
dimensional sustainability idea, was expressed much earlier by Malthus’s population
growth theory, in the end of the 18th century. The United Nations Conference on the
Human Environment was an international conference convened in 1972, and brought
the industrialized and developing nations. It was the UN’s first major conference on
international environmental issues and marked a turning point in the development
of international environmental politics [15]. The present and modern understand-
ing of this concept have been though fully and explicitly articulated for the first
time in 1987, within the frame of the so-called Brundtland Report on Sustainable
Development, which is sometimes termed shortly “Our Common Future”. As the term
sustainability is considered not only a scientific idea, but a moral value, a normative
goal based on this value, and a pathway for the international policy or social move-
ments as well [14]. Generally in its most widespread perception, sustainability is
defined as “a development that meets the needs of the present without compromising
the ability of future generations to meet their own needs” [11]. In this context, sus-
tainability stands out as a concept whose frequency of use is constantly increasing in
academic literature and socioeconomic life and which remains to be one of the major
agenda items because it represents an important approach to the future of the world,
humanity, and the ecosystem.

So, the concept of sustainability has been in use for more than three centuries.
Therefore, after emerging out of necessity, it has made its way to today’s lexicon, get-
ting enriched in content and being used in conjunction with different concepts.

4. Towards sustainability and circular economy

During the industrial revolution, the increasing demand for inputs and the
production factors put into commercial use paved the way for the development of
economics and new economic models. The journey that started with the classical
economics still continues. However, in addition to factors such as the scarcity of
resources, challenges related to resource utilization efficiency, misuse of natural
resources, limitedness of production factors and unjust distribution of resources,
threats such as climate change have also paved the way for discussions around new
models as an alternative to linear economy. This has, in a sense, rendered the SDGs
central to sustainability discussions, and the developments that support the SDGs,
such as the green economy, circular economy, and bioeconomy have become popular
narratives in macro-level sustainability discussions in policy, scientific research, and
business. The 17 Sustainable Development Goals set forth by the United Nations in
2015 have renewed a global vision to address sustainability challenges and empha-
sized the urgency for concerted efforts by multiple societal actors. Over the past
decades, “[s]ustainability science” has attracted tens of thousands of researchers,
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practitioners, knowledge users, teachers, and students from diverse institutions and
disciplines from across the world [16]. However, circular economy (CE) is currently a
popular concept promoted by the EU, by several national governments and by many
businesses around the World [17]. Therefore, the process of change that we have
experienced demonstrates the UN will play a key role in achieving the Sustainable
Development Goals. According to Velenturf and Purnell [10], economic growth is still
part of the goals, e.g., SDGs 8 and 9, which relate economic growth to resource effi-
ciency, and the main mechanism proposed to achieve a balance is through decoupling.
SDG 12 does not mention circular economy literally, but it does cover the sustainable
management and efficient use of natural resources, reducing and preventing wastes,
uptake of reuse etc., and changes in lifestyles, procurement policy and business
reporting, all of which are closely aligned with circular economy principles. Targets
under sixteen out of the seventeen SDGs are related to a circular economy (Figure 2).

However, the circular economy can contribute positively to most of the sustain-
able development goals, but sustainable development and circular economy are on
diverging pathways. While the sustainable development agenda puts people front and
center with economic prosperity recognized as a means for living fulfilling lives in
harmony with nature, circular economy remains fixated on technological solutions,
the implementation of which is driven by a promise of traditional economic growth.
Circular economy also must be fully integrated with sustainable development.
Circular economy should be understood as an emerging practical ideology that lacks
an evidence-based theoretical framework to guide implementation. It lacks an eco-
nomic theory that can pragmatically guide the transition from the prevailing neoclas-
sical model toward one that would drive the transition toward a sustainable circular
economy and be palatable for governments. The critique on circular economy should
be understood as much as a critique on sustainable development itself, and both
require research and constant learning to ensure progress towards sustainability [10].
It is an inevitable necessity to manage the process taking into account the contribution
of local and international cooperation efforts to sustainability.

As is known, circular economy is an economy constructed from societal production-
consumption systems that maximize the services produced from the linear nature-
society-nature material and energy throughput flow. This is done by using cyclical
materials flows, renewable energy sources and cascading'-type energy flows. Successful
circular economy contributes to all three dimensions of sustainable development.
Circular economy limits the throughput flow to a level that nature tolerates and utilizes
ecosystem cycles in economic cycles by respecting their natural reproduction rates [17].

Previous research shows that Circular Economy (CE) is a concept that stems
from the need to address environmental degradation, social unrest and inequalities,
institutional instability, resource scarcity, and economic challenges caused by the
linear nature-society-nature systems that a large portion of society operates on [18].
In this framework, the acceptance of circular economy on a global scale gives rise to a
need for novel technologies such as renewable energy generation technologies, which
will be among the major topics of discussion in the medium term. It would be appro-
priate to explore academic research to clarify this issue. The following sections deal
with the extent to which topics such as sustainability, green economy, and circular
economy are addressed and what other topics are highlighted in scientific research
and publications. It is of particular importance in that it shows the direction of change
in scientific studies with respect to the concepts in the specified fields. Therefore, a
bibliographic assessment of sustainability is provided below.
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Figure 2.

Circular economy can enable a significant number of targets under the UN sustainable development goals
(legend: Fraction of tavgets under each goal that would be strongly (red) and partially (ovange) enabled by the
implementation of circular economy measures).

5. An assessment of sustainability approach

Bibliometric analyses provide a big and profound picture of the current knowl-
edge base. Also known as science mapping, bibliometric analyses have been applied
in a variety of fields and disciplines. However, studies on the concepts of circular
economy and sustainability are also being conducted. Therefore, this section analyses
the global knowledge base on sustainability and new concepts associated with it.

The concept of sustainability has been used continuously in academic literature
and socio-economic life on a global and local scale since the day it was introduced.
Pollution and the threat of global climate change, especially as a result of industri-
alization, led to controversies surrounding classical economics and the search for
alternative methods. In this context, they paved the way for the emergence of circu-
larity-based concepts and approaches as an alternative, such as green and blue econo-
mies. To provide a better understanding of this development process, the concepts of
sustainability, green economy, circular economy, and green deal are addressed.

6. Material and methodology

In the bibliometric analysis, VOSviewer was used to retrieve the publications
on sustainability. VOSviewer is a software tool for constructing and visualizing
bibliometric networks. At the same time, it can be used to construct maps of authors
or journals based on co-citation data or to construct maps of keywords based on
co-occurrence data [19, 20]. To identify the most commonly used themes associated
with the theme of the research, an analysis of the networks was conducted based on
the keywords. There are several network techniques used for this purpose. Among
them, researchers usually employ methodologies based on distance, graphs, and
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timelines [21]. Keywords refer to the basic concepts used in a study. They are the core
and essence of a document, which is a high-level summary of the article content [22].
In this paper, the bibliometric data come from Scopus, one of the world’s leading
academic databases. What is conducted here is network of fractional order research
on the scientific literature concerning sustainability, green economy, and circular
economy. The figure shows the distribution of hot keywords in fractional order
research, and different colors in the figure represent different clusters of research
hotspots. Figures are mainly composed of nodes and connecting lines. The larger

the keyword node, the higher the frequency of occurrence, and the thicker the line
between nodes, the higher the co-occurrence frequency. Moreover, the distribution
of the distance between nodes is positively correlated with the relevance of keywords
[23]. Accordingly, the analysis of the keywords provides strong data about the content
of the subject discussed in the research articles.

7. Bibliometric analysis of keywords
7.1 The concept of sustainability with related main keywords

A keyword search carried out on the subject of “TITLE-ABS-KEY (sustainability)”
generated almost 286,025 keywords in the Scopus database. From this database, by
specifying exclusively the articles, a collection of 188,662 documents was listed using
the command TITLE-ABS-KEY (sustainability) AND (LIMIT-TO (DOCTYPE, “ar”).
Finally, from this list of articles, the first 2000 articles were considered for keyword
analysis. VOSviewer was used to generate the keyword maps. Figure 1 below shows all
the keywords according to the topics covered in this presentation.

As shown in Figure 3, the major concepts found to be associated with the concept
of sustainability in the articles published between 2015 and 2017 include keywords
such as corporate sustainability, sustainability assessment, sustainability indicators,
sustainability reporting, urban sustainability, higher education, sustainability educa-
tion, life cycle sustainability, energy, decision making, and sustainability criteria. In
addition, new concepts such as COVID-19, firm performance, organizational sustain-
ability, theory building, waste, and bio-based products have been commonly used in
2020s. It suggests that the research on sustainability keeps on developing by deriving
new concepts.

7.2 The concepts of sustainability and rural development with related main
keywords

For “Sustainability and Rural Development”, the same collection procedure was
used. A document search was carried out in the Scopus database. The finding was
7047 documents from which almost 5179 documents were extracted by the following
command: TITLE-ABS-KEY (sustainability AND rural AND development) AND
(LIMIT-TO (DOCTYPE, “ar”)). Among these articles, the first 2000 were selected for
analysis. A total of 5169 keywords were counted, with a minimum occurrence of one.
The graph above presents the occurrence of keywords by year. Thus, words that have
made up the lexical field of the topic before 2010 (environment, climate, biodiversity,
etc.) are colored darker. The recent keywords are colored yellow (agritourism, circu-
lar economy, etc.). The keywords’ importance is measured by the size of the diameter
of their circle. The larger the circle is, the more the keyword is used. Sustainability
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appears to be the most used keyword with a larger diameter. Table 1 shows the top ten
keywords for this category.

The analysis shows what concepts are most widely used by publications in which
years (Figure 4). Accordingly, the major concepts used in association with the
concept of “sustainability and rural development” in the articles published between
2015 and 2017 include keywords such as sustainability, rural development, sustain-
able development, rural tourism, rural areas, China, rural, agriculture, development,
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Figure 3.
Sustainability main keywords based on Scopus data.
Topics Sustainability Sustainability and Circular Green deal
rural development economy
Keywords Sustainability Sustainability Circular economy Green
Sustainability Rural development Sustainability economy
assessment Sustainable Sustainable Sustainable
Sustainable development development development
development Rural tourism Recycling Circular
Sustainability Rural areas Waste economy
indicators China management Sustainability
Corporate Rural Industry 4.0 Green growth
sustainability Agriculture Resource Climate
Social sustainability Development efficiency change
Environmental Rural electrification Waste Renewable
sustainability Business model energy
Sustainability Environment
reporting Green jobs
Economic China
sustainability
indicators

Table1.
Top keywords according to the topics.
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Figure 4.
Sustainability and rural development.

rural electrification, regional development, India, social sustainability, sustainability
assessment climate change, agricultural sustainability, sustainable tourism, and food
security. Furthermore, concepts such as SDGs, agritourism, ecotourism, sustainable
development goals, smart village, loyalty, and landscape pattern have been introduced
in the 2020s. It suggests that the research on sustainability and rural development
keeps on developing by deriving new concepts.

7.3 The concepts of circular economy with related main keywords

A keyword search on the circular economy was conducted through 15,098 docu-
ments retrieved by the string TITLE-ABS-KEY (circular AND economy). The Scopus
database was used to collect the large number of keywords. A random selection of
2000 words was made from nearly 9606 documents generated by the search TITLE-
ABS-KEY (circular AND economy) AND (LIMIT-TO (DOCTYPE, “ar”)). On this
basis, and with the assistance of VOSviewer, the keyword map depicted above was
generated. The top keywords include circular economy sustainability, sustainable
development, recycling, waste management, industry 4.0, resource efficiency, waste,
and business model (Figure 5 and Table1).

The analysis shows what concepts are most widely used by publications in which
years (Figure 5). The major concepts used in association with the concept of circular
economy in 2019 include circular economy, sustainability, sustainable development,
recycling, waste management, industry 4.0, resource efficiency, waste, business
model, linear economy, and environment. Moreover, concepts such as industry 4.0,
Covid-19, digital twin, posthumanism, food supply chain, circular cities, and goals
were used in association with the concept of circular economy. It is important in
that it shows the new concepts that are increasingly used in association with circular
economy are the topics of scientific research.
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Figure 5.
Mapping the circular economy with main keywords based on Scopus data.

Figure 6 shows the frequency of use of the keywords when circular economy is
selected as the main concept. Accordingly, the top six concepts that are most used
with circular economy are sustainability, sustainable development, recycling, waste
management, industry 4.0, and resource efficiency In addition, other related key-
words that are used with it, including in the studies discussing linear economy, are
also given. The period in which other keywords are used with circular economy is
again 2015-2021. What we see here is that the top five keywords that are most used
with circular economy are in the period 2018-2021. The keywords that are often
used with circular economy as of 2020 include resource efficiency, business mod-
els, reverse logistics, industrial symbiosis, and zero waste. It is important in that it
provides information about the topics of new research.

7.4 The concept of green economy with related main keywords

A total of 8191 documents were listed by the search TITLE-ABS-KEY (green
AND deal) on Scopus database. By searching only articles, 5036 articles were listed.
VOSview helps to generate the network of keywords. The most used keywords are in
Figure 5 below. The period from 2016 to 2018 seems to be the one where the keyword
“green deal” was most used. To date, it is the most used keyword given its size through
the node. The network represents this period in green color for nodes (Figure 7).

With regard to what concepts are most used in which years (Figure 5), the analy-
sis shows that the keywords that are most used with the concept of green economy
in 2014-2015 include low-carbon economy, green chemistry, green supply chain,
green building, green economics, atom economy, well-being, and Rio + 20. Among
the other major concepts used in conjunction with the concept of green deal in the
period 2016-2018 are keywords such as green economy, sustainable development,
circular economy, sustainability, green growth, climate change, renewable energy,
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environment, green jobs, and China. Moreover, concepts such as green economic
efficiency, pollution, Russia, Croatia, ports, lifelong learning, spatial econometric
model, regional cluster, and green reagents have been widely used in the 2020s. It is
important in that it shows the number of studies involving new concepts related to
the concept of green deal and their frequency of use has increased.

8. From linear economy to circular approaches

Rising demand for food on a global scale remains to be a challenge due to the
increase in world population. However, factors such as global climate change and
the COVID-19 pandemic as an extreme threat have led to a strong perception of
the importance of agricultural production by all societies. It is understood that the
demand for agricultural products that are healthy, high in nutritional quality and
produced in an environment-friendly manner will increase gradually.

Today, development policies at the international level are focused on sustainabil-
ity. They are usually aimed at establishing the conditions that will ensure the sustain-
able use of resources and the sustainability of human life in the future. Efforts are
underway to end poverty and improve and expand fundamental rights and freedoms
by reducing welfare differences between countries and between segments of societies,
especially through the adoption of a sustainability approach on a global scale [24].

9. Evaluation of the top keywords according to the topics

The results of the conceptual analysis are given in Table 1. Accordingly, the four
concepts that are addressed here are closely associated with sustainability. All of the
keywords related to sustainability are accompanied by the concept of sustainability.
The analyses carried out concerning the concepts of sustainability and rural develop-
ment, circular economy, and green deal involve the concept of sustainability twice for
each of them. It is important in that it shows the concept of sustainability continues
to be used in conjunction with emerging concepts. It suggests that although new
concepts are derived and new approaches are put forth, the concept of sustainability
maintains its place in the literature.

While the ‘take-make-dispose’ model suggested by the classical economics (i.e.,
linear economy) has dominated all economies for the last two centuries, the sustain-
ability approach has always existed despite the fact that it does not fit well with the
assumptions of classical economics and its level of effectiveness is low.

Accordingly, the linear “take-make-dispose” model relies on large quantities of
easily accessible resources and energy, and as such is increasingly unfit for the reality
in which it operates. Working towards efficiency alone—a reduction of resources and
fossil energy consumed per unit of manufacturing output—will not alter the finite
nature of their stocks but can only delay the inevitable [25]. As is known, circular
economy, as opposed to the current linear economy, can be seen as a sustainable
economic system where economic growth is decoupled from resources use, through
the reduction and recirculation of natural resources. The circular economy concept
attracts increasing attention of governments, scholars, companies, and citizens as a
necessary step to achieve sustainable development [26]. Again according to The Ellen
MacArthur Foundation [25], the circular economy draws a sharp distinction between
the consumption and use of materials: circular economy advocates the need for a
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“functional service” model in which manufacturers or retailers increasingly retain the
ownership of their products and, where possible, act as service providers—selling the
use of products, not their one-way consumption. This shift has direct implications
for the development of efficient and effective take-back systems and the proliferation
of product and business model design practices that generate more durable products,
facilitate disassembly and refurbishment, and where appropriate, consider product/
service shifts. As circular economy thinker Walter Stahel explains, “The linear model
turned services into products that can be sold, but this throughput approachisa
wasteful one. In the past, reuse and service-life extension were often strategies in
situations of scarcity or poverty and led to products of inferior quality. Today, they
are signs of good resource husbandry and smart management.” As a result, circular
economy is also an industrial system that is restorative or regenerative by intention
and design. It replaces the “end-of-life” concept with restoration, shifts towards the
use of renewable energy, eliminates the use of toxic chemicals, which impair reuse,
and aims for the elimination of waste through the superior design of materials,
products, systems and, to develop within this, business models.

Again, considering the European Green Deal (EGD), it is clear that at the heart
of the main components of the Deal is the aim of transforming the EU economy for
a sustainable future. In line with this, the EGD is intended to reduce greenhouse gas
emissions within a certain program in order to make the EU climate-neutral by 2050.
In order to reduce carbon leakage from the EU, efforts are underway to develop a
new system built with new taxes and non-tariff barriers in trade through the border
carbon adjustment (BCA) mechanism. Again, by 2030, the EU aims to transform 25%
of the agricultural lands in its territories into organic farming land. Organic produc-
tion in the fresh fruit and vegetable industry and dried and frozen products industry
is expected to increase in the coming years. In addition, organic products will be in
demand in other agricultural product markets such as medicinal and aromatic plants
and mushrooms, so plans are being made to ensure product safety. Another impor-
tant aspect of the European Green Deal is that it gives priority to energy saving and
renewable energy sources. In general, renewable energy sources such as solar energy
are supported. The Green Deal also aims to increase the amount of fruit and vegetable
consumption in human nutrition by regulating the consumption habits of consumers
and combating obesity and diseases such as cancer, thereby eliminating the serious
economic burden on the healthcare system [27].

Reaching and indeed exceeding national or EU GHG reduction targets, such as
those proposed by the EU Green Deal, is not an easy task. However, many municipali-
ties across Europe are aware of their crucial role and are developing strategies toward
carbon neutrality by 2050. The experience of those cities that have already joined the
CoM 2030 initiative with ambitious GHG reduction targets could serve as an example
for others [28].

The EU countries have taken the lead in the transition to a sustainable food sys-
tem, and this process will affect many countries. The technical and financial support
of the EU instruments such as harmonization funds and the European Agricultural
Fund for Rural Development will facilitate this transition.

10. Conclusions

While the journey that started with linear economy still continues, challenges
related to resource utilization efficiency, misuse of natural resources, limitedness of
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production factors as well as threats such as climate change have given rise to discus-
sions around new models as an alternative to linear economy. In particular, circular
economy is addressed frequently. Circular economy is a concept that stems from the
need to address environmental degradation, social unrest and inequalities, institu-
tional instability, resource scarcity, and economic challenges caused by the linear
nature-society-nature systems that the large portion of society operates on [18]. The
acceptance of circular economy on a global scale will probably be among the major
topics of discussion in the medium term, as there is need for novel technologies such
as renewable energy generation technologies.

In this framework, this paper deals with the conceptual developments in academic
studies in a bibliometric fashion. It shows that the concepts have both varied and
increased. The use of the concepts of sustainability, green economy and circular
economy in academic studies has been more widespread. Therefore, it is seen that
the process of transition from linear economy to circular economy is supported by
academic studies, which derive new concepts that are addressed as further research
topics by new studies. In conclusion, it can be said that the process of change in this
field will contribute to the achievement of the Sustainable Development Goals of the
UN. With the global cooperation efforts that are being carried out and expansion
of practices focusing on sustainability, academic studies will play a key role in, and
accelerate, the transformation in question.
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Blending Climate Action and Rural
Development in Africa’s Sahel

Paul L. Woomer, Dries Roobroeck and Didier Yelognisse Alia

Abstract

This paper describes the opportunity for combining climate action and improved
food and nutritional security as mutual elements of rural development projects, with
particular reference to the situation in the African Sahel. This progress is achieved by
identifying climate-smart agricultural production technologies and bundling them
into solutions for inclusion within larger projects and programs. Seventeen (17) such
technologies are offered in this chapter that represent genetic innovations, improved
soil and water management, and directed improvement across landscapes. Examples
of the efficacy of these technologies are presented based on results from the African
Agricultural Transformation Program (TAAT) with specific reference to improved
cereal production. An example of the deployment of TAAT technologies for millet
and sorghum involving 83,620 households managing 123,863 ha led to nearly 200,000
MT of increased food production worth about $42 million. This effort led to an
estimated annual increase of 177,279 MT CO,e in biomass and soil worth $3.9 million,
assuming buyers could be found. The relationship between three principal drivers of
agricultural transformation, the public, private, and farming sectors, is considered in
terms of how these different technologies are mobilized and deployed. The potential
for increasing food supply and carbon gains under current agricultural investment
levels across the Sahel by International Financial Institutions, about $683 million per
year, is described. This chapter then offers recommendations in how improved rural
development projects combining climate action and food security in the Sahel may be
designed in the future.

Keywords: African drylands, cereal crops, climate change, IITA,
soil and water management, TAAT Program, technology deployment,
transferable assets

1. Introduction

Adaptation to climate change by small-scale farmers is considered an important
part for the climate solution agenda [1, 2]. This is specially the case in the Sahel
where food security is tenuous and becoming more so due to rising temperatures
and more episodic precipitation [3, 4]. Awareness of this situation is not new, and
several farming technologies were identified and modified that allow rural households
to cope with increased risks through reliance upon improved crop varieties, more
efficient water harvesting, protection of soil quality and participation in well planned,
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systems-level improvements to their agro-ecosystems [5]. Indeed, isolated cases
of successes are documented and used as the basis of designing larger, subregional
projects [6] intended for the joint purpose of increasing food and nutrition security in
ways that constitute climate action by legions of small-scale farming households [7, 8].
All rural development projects require inclusive and active participation by the
public and private sectors, and the client farmers themselves, because local organiza-
tions acting through public works and as customers of proven production inputs
represent a complete package toward change. Rural development projects are often
financed by sovereign loans from International Financial Institutions (IFIs). It is
the design and implementation of these projects that prove difficult. In some cases,
countries receiving sovereign country loans rely upon suboptimal, existing technolo-
gies and are reluctant to involve what they perceive as overly expensive international
partners. In other cases, it is not the technologies that are flawed, but rather the man-
ner that they are bundled as solutions, because effective interventions seldom require
only one new technology but rather balanced sets of accompanying production
inputs and innovative practices [9]. In yet other cases, it is not the solutions that are
inadequate, but rather their manner of deployment, often in expectation of too rapid
adoption [10]. Complicating this arena is the growing recognition that small-scale
farming households are both victims of climate change yet offer the means to effect
corrective actions when offered the opportunity and incentive to do so [1].

2. The Sahelian situation

Dryland farming is the dominant mode of livelihood across the Sudano-Sahelian
zone of Africa, a transition zone about 400-600 km wide that stretches from the
Atlantic Ocean in Senegal to the Red Sea in Djibouti and Indian Ocean in Somalia [11].
Climate-smart solutions and modernization of technologies are critical to improv-
ing agriculture in the zone. The Sahel is home to a population of about 110 million
persons, the majority of whom rely upon agriculture through the cultivation of about
30 million ha. Landscapes are flat to gently undulating and rainfall at theses latitudes
is concentrated in a single growing season between June and September, with a total
annual precipitation of only 150-600 mm that is often deposited by only a few heavy
storms. Daytime temperatures often exceed 40°C. The natural vegetation ranges
from semi-desert in the north to woody grassland in the south. Millet is widely grown
in the Sahel and Sudanese zones, but so too is sorghum and maize. New varieties of
wheat can be grown too, particularly during the cooler months [12]. Semi-nomadic
pastoralism is widely practiced and overgrazing has led to extensive land degradation
and desertification. Rice cultivation is possible in some areas, most notably the valleys
of major rivers, and represents an important crop in household diets and livelihoods.
The adjoined Sudanese Zone receives greater rainfall (600-1200 mm per year) but is
confined to a 2-3 month window and its farmers are faced with similar challenges to
crop production as their neighbors in the Sahel [5].

Agricultural production in the Sahel is perilous because of severe and cyclical
droughts [13]. Other soil limitations exist due to low water-holding and nutri-
ent retention capacities and soils are often sandy and acidic [14]. Because of their
unfavorable soil physical properties and low nutrient reserves, soils of the African
drylands present a challenge to farmers [15]. Clearly, farmers in the Sahel are acutely
aware of drought as a chronic risk and are prepared to adjust their cropping strategies
accordingly. Population densities in the agricultural areas remain relatively low, with

24



Blending Climate Action and Rural Development in Africa’s Sahel
DOI: http://dx.doi.org/10.5772/intechopen.103817

0.5-1.5 ha available per capita. Land availability alone does not assure rural prosper-
ity in the Sahel owing to the poor crop productivity resulting from low rainfall and
chronic risk of drought. Despite the severe conditions experienced by farmers in
the Sahel, large opportunities are available for employing improved soil and water
management technologies, including those important to climate actions [5].

The Technologies for African Agricultural Transformation Program (TAAT)
deploys proven technologies to African farmers, including those in the Sahel. TAAT
arose as a joint effort of the International Institute of Tropical Agriculture (IITA) and
the African Development Bank (AfDB) and is a crucial component of the latter’s Feed
Africa Strategy [10]. It is organized around 15 “Compacts” that represent priorities
and partnerships to achieve food security in Africa and advance its role in global
agricultural trade [16]. TAAT operates a Regional Technology Delivery Infrastructure
that offers a menu of tested and proven food production technologies for nine priority
commodities to program partners and stakeholders. These technologies are bundled
into “technology toolkits” [17] that are included within country projects and deployed
through extension campaigns. These technologies include improved crop varieties,
seed systems innovations, accompanying soil fertility and pest managements, harvest
and postharvest handling, digital applications, and value addition processes [18], pro-
viding Regional Public Goods that attract broad public interest and recognizable ben-
efits. TAAT offers a unique collaborative platform where government, international
donors, private actors, and nonstate actors committed to advancing transformative
agricultural technologies connect with those who need them most, particularly
within programs addressing agricultural production and rural development. It offers
a mechanism for the development community to buy into proven technical advances
[19]. This paper describes how TAAT's technologies are of benefit to the Sahel and
how they may be better integrated within climate action efforts.

3. Appropriate solutions

Solutions are available that assist farmers in the Sahel to increase productivity
and achieve food security while also being able to tackle environmental challenges
posed by drought, land degradation, and climate change. The solutions are based on
greater access to proven technologies that remain under-recognized, inadequately
delivered or too difficult to access. Once mobilized, however, key technologies may be
bundled into toolkits offering solutions to those seeking to modernize and transform
dryland agriculture by combining improved crop varieties, more effective water
conservation practices and proven approaches for soil fertility management [9, 17].
Cereal improvement in the Sahel focuses upon millet, sorghum, maize, and wheat
that are both drought- and heat-tolerant [20]. Better water management achieves
water storage from contour bunds, water harvesting within zai pits, diversion of
seasonal floods, and small-scale irrigation schemes [21, 22]. Practices for integrated
soil fertility management involve rotation with legumes, fertilizer micro-dosing,
strategic timing of nitrogen application and effective use of organic resources [14].
Larger-scale impacts are achieved through transition from open fields to agroforestry
parklands, improved rangeland management and other climate actions specifically
targeted to semiarid agro-ecologies. It is essential that these technologies become
incorporated into larger rural development projects, but first they must be readily
understood by development planners, extension supervisors, and business persons
seeking to enhance the lives and livelihoods of farmers. The Sahel is one of the areas
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of the world that is unfairly penalized by industrial polluters in developed countries,
and the impacts of climate change it suffers are not of its own making. Inclusion of
these technologies into rural development projects, including those financed with
sovereign loans from International Financial Institutions, and embedding them into
country-level climate actions serve to correct this disparity.

TAAT offers 17 technologies useful to both rural development and climate action
(see Table 1). These technologies are grouped according to their relationship to
improved field crop varieties (four crops), better management of water resources (four
technologies), relationship to integrated soil fertility management (four technologies),

Technology objective TAAT holder' Approach Mechanism

New varieties

Improved pearl millet ICRISAT Conventional breeding Community-based seed
ducti

Improved Sorghum ICRISAT Conventional breeding production

Drought-tolerant maize AATF/IITA Conventional breeding Commercial hybridization

Heat-tolerant wheat ICARDA Conventional breeding Public-private partnership

Water management

Bund walls IFDC Soil & water Community-based action
conservation

Zai pits IFDC Soil & water Farmer action
conservation

Spate irrigation IWMI Seasonal water Community-based action
harvesting

Small-scale irrigation IWMI Year-round cultivation Commercial suppliers

Soil quality

Fertilizer micro-dosing IFDC Better fertilizer Extension information
placement

Strategic timing of N IFDC Improved fertilizer Extension information
timing

Inoculation and BNF IITA Symbiotic N fixation Commercial suppliers

Organic resource IITA Farmer-available Farmer action

management resource

Systems transformation

Control insect invasions IITA Combat episodic pests Public project leadership

Overcoming striga AATF/IITA Eliminate soil Public project leadership
infestation

Transition to parklands IITA Agroforestry Public project leadership
intervention

Improved range ILRI Combat land Public project leadership

management degradation

Local biogas Clearinghouse Alternative rural Commercial suppliers
energy

"TAAT lead partner organization (see TAAT website https://taat-africa.org).

Table 1.
A summary of TAAT's 17 climate-smart dryland technologies.
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and possibilities for system-level improvement (five technologies). Not considered
among these technologies is rice (Oryza sativa), an important irrigated crop of Sahelian
river basins, and animal enterprises that are extremely important across the Sahel but
beyond the scope of this paper.

3.1Improved field crop varieties

These technologies relate to four cereal crops with unrealized potential in the
Sahel: millet, sorghum, maize, and wheat.

3.1.1 Improved millet

Pearl millet (Pennisetum glaucum) is the staple cereal in the harshest of the world’s
major farming areas: the arid and semiarid region extending between Senegal to
Somalia. Withstanding hot, dry, sandy soils, it is adapted toward survival under harsh
conditions [20]. It is amazingly drought-tolerant and able to germinate at high soil
temperatures and in crusted soil, it withstands “sand blasting” and grows under low
soil fertility, and it resists pests and diseases such as downy mildew, stem borer, and
parasitic striga. It also grows well in both acidic and saline soils. But its most rugged
land races are characteristically low yielding and may not respond well to inputs, and
for this reason there is need for improved varieties and their accompanying seed sys-
tems. Breeding efforts have led to increased micronutrients (e.g. iron and zinc), and
some improved “sugary” types can be harvested at the milk stage, and roasted and
consumed like sweet corn. The International Crops Research Institute for the Semi-
Arid Tropics (ICRISAT) is responsible within TAAT for millet improvement, offering
many new varieties for testing by national systems or release to development efforts.

3.1.2 Improved sorghum

Sorghum (Sorghum bicolor) is a physiological marvel; it is extremely drought tolerant
and light efficient, with one of the highest dry matter accumulation rates among culti-
vated crops [20]. It is versatile in its use with some types boiled like rice, others cracked
like oats, others malted for brewing, and some milled and baked. The whole plant may be
used as forage or hay. ICRISAT is also responsible for sorghum improvement, including
in the Sahel. Currently available improved varieties and land races have several favorable
characteristics including good seedling emergence and rapid early root development,
rapid tillering leading to multiple heads, and long growing cycles to make the best of
favorable rains. It can be manufactured into a wide variety of foods and used to substi-
tute for imported grains. These properties combined with sorghum’ use as an animal
feed suggest that national planners are well advised to regard sorghum as more than a
drought-hardy subsistence food.

3.1.3 Drought-tolerant maize

Considerable gains in maize (Zea mays) improvement have been achieved in the
area of drought tolerance that now make this crop less risky in the southern reaches of
the Sahel. Drought tolerant maize varieties have a 20-35% larger grain harvest under
moderate drought conditions but may not respond as favorably to occasional years of
excellent rains due to their shorter maturity times [23]. Hybrid varieties are marketed
under commerecial license, while open pollinating varieties can be multiplied and sold
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free of royalty by farmers and community-based producers. The African Agricultural
Technology Foundation has sublicensed 22 seed companies to produce Drought
TEGO™ for commercial distribution, and more will follow [18]; but these hybrids
have been slow to reach West Africa.

3.1.4 Heat-tolevant wheat

The trait of heat tolerance is now incorporated into improved varieties of wheat
(Triticum spp). Heat stress and drought are among the most predominant constraints
affecting wheat across Africa [24], especially at the reproductive stage during flower-
ing and grain filling, leading to low grain yield or even crop failure [25]. Wheat pro-
duction has increased significantly in the Sahel over the past several years due to the
rapid increase of area planted to these newly released heat-tolerant varieties. Varieties
that can withstand temperatures up to 4°C greater than previous lines are available.
As a result, farmers are achieving higher and more stable yields, reaping up to 6 t ha™".
The success also has policy implications by convincing country decision-makers that
domestic wheat production is a solution to reduce the massive dependence upon
wheat imports.

3.2 Improved water management

These technologies relate to different forms of water management, including the
design of small-scale irrigation systems.

3.2.1 Combined soil and water conservation

Bunds refer to a micro-catchment technique where low raised walls are arranged
in specific patterns on farmlands to collect and conserve water and to reduce soil
erosion and gully formation [26]. Bund walls are constructed with soil and/or rock,
either by hand or tractor. Designs of bund walls are adjusted to local conditions and
sociocultural contexts, but the two main types are contour bunds (or contour ridges)
and semicircular bunds (or half-moons). Contour bunds are suitable for uniformly
sloping terrains with even runoff, and the retaining walls can stretch hundreds of
meters across landscapes. Semicircular bunds operate in a more localized manner
[21]. Installing contour bunds can increase grain yields of sorghum by 80% and
maize by 300% compared to traditional land management without micro-catchment.
Community works that stabilize slopes and better harness seasonal rainfall by
constructing and reinforcing bunds are an important element of agricultural develop-
ment projects in the Sahel.

3.2.2 Water harvesting with zai pits

Micro-catchment approaches to water harvesting in the Sahel include planting pits,
locally known as zai [15]. Zai pits also rehabilitate crusted and degraded lands. These
structures are made by digging shallow basins of 20-40 cm diameter and 10-20 cm
deep into the soil. The pits are prepared during the dry season by farmers allowing the
shallow holes to collect water, wind-driven soil particles, and plant debris [5]. Moisture
becomes collected inside and below the pits that also serve as localized targets for soil
fertility improvement. The technique can improve millet and sorghum production by
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60-90% depending on precipitation and soil fertility. When properly managed, these
pits become a permanent feature of the field that collects off-season or early rainfall.

3.2.3 Spate management of seasonal water

Exploiting water from rivers and streams during the rainy season to fill channels and
direct them to adjacent fields by construction of spates is a strategic small-scale irriga-
tion system. Spate is an ancient approach but under some circumstances, it remains
relevant today [5]. This system diverts water from normally dry riverbeds at the onset
of seasonal rains and directs it to croplands, converting them into seasonal flood plains.
Community consensus assures equitable distribution of these floodwaters, including
those further downstream that also rely upon the same water. Managing floodwater is
inherently difficult because of the power they hold, but the rewards to managing these
waters in arid and semiarid areas are great, and for this reason, the opportunity exists in
public support of spate irrigation as a localized civil engineering challenge.

3.2.4 Small-scale irrigation schemes

Irrigation assures that the water requirements of crops are met and the development of
community-based irrigation schemes is an essential component of agricultural develop-
ment in the Sahel [5]. Irrigation consists of two phases, the first where water is diverted
from its source and delivered to the vicinity of croplands, and the second where it is
applied to fields in a scheduled and calculated manner. Application strategies vary with
the volumes, quality, and pressure of water delivery and may be grouped into flood, fur-
row, sprinkler, and drip irrigation. Irrigation presents a key solution to addressing present
and future crop production constrains due to the effects of climate change on weather
patterns. Within the context of practical rural development, a focus upon small-scale
irrigation schemes in addition to larger, more centralized schemes should be considered.

3.3 Improved soil management

These technologies relate to more efficient use of mineral fertilizers, maximizing
symbiotic biological nitrogen fixation and improved use of farmer-available organic
resources.

3.3.1 Fertilizer micro-dosing

Fertilizer micro-dosing is based on the application of small amounts of mineral
fertilizer in a shallow hole about 5 cm away from the crop stem [15]. Micro-dosing is
as simple as applying one bottle cap filled with 3-5 g of fertilizer to each planting hole
and is best combined with the addition of organic materials, particularly composts
and manures. The total amount of fertilizer used in micro-dosing can vary signifi-
cantly depending on the planting density, ranging from 50 to 100 kg of fertilizer per
ha. This addition results in healthier crops that are better able to counteract mid- and
late-season drought as a means to adapt to increased climate variability. A well-timed
dose of fertilizer results in increased crop yields ranging from 40% to 120%, provid-
ing high returns to modest investment. The micro-dosing technique significantly
increases the use efficiency of nutrients and water, particularly when combined with
other climate-smart practices such as zai pits [5].
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3.3.2 Better timed nitrogen application

The key to achieving high crop yields and maintaining soil fertility is to apply the
right fertilizers at the correct rate and time. Too often, timing is ill considered, par-
ticularly in relation to nitrogen (N) topdressing of field crops. Typically, N fertilizer
is added to soils once or twice over the season, first as a pre-plant addition and second
as a single topdressing, but more frequent and smaller doses are more efficient [27].
The basic principle of this approach is to apply a small quantity of N at planting and
progressively add moderate amounts as topdressing during periods with sufficient
rainfall when plant nutrient demand is largest. Farmers can top-dress N using readily
accessible types of fertilizers such as urea and calcium ammonium nitrate, and the
total application rate is based on yield targets and regional recommendations [5]. In
some cases, N can be added just prior to, and worked into the soil during weeding,
resulting in more efficient combined field operations.

3.3.3 Nitrogen fixation from field legumes

Legumes are very important to the rainfed cropping systems of the Sahel,
particularly cowpea (Vigna unguiculata) and groundnut (Arachis hypogaea) [20].
Intercropping is best practiced by farmers during years of favorable rainfall by
growing understory grain legumes between cereal rows at very low densities. More
common is crop rotation of cereal and legumes, with a few (e.g. two—four) cycles
of cereals punctuated by legumes [15]. Legumes access atmospheric nitrogen
through symbiosis with rhizobia, a process that provides both additional protein
to the household and residual nitrogen to the land [28]. The rhizobia needed for
biological nitrogen fixation of these crops are often native, but their populations
may be suppressed in hot, dry soils [14]. When well nodulated, nitrogen fixation
is sufficient to secure a grain legume harvest and contribute about 50 kg or so
organic nitrogen to the following crop. Unfortunately, legume inoculants contain-
ing elite strains of rhizobia are not widely available across the Sahel, so need exists
to develop the capacity to manufacture and distribute them through commercial
channels [5].

3.3.4 Organic resource management

A majority of soils in the Sahel are characterized by low water holding capacity
and limited availability of plant nutrients because of their low clay and high sand
content [15]. Farmers across these cereal-based drylands must better manage organic
resources in ways that optimize limited rainfall and costly inputs of mineral fertilizer
[13]. The maintenance of soil organic matter and carbon stocks is strongly determined
by the amount of crop residues available for addition to soils and the competing need
for livestock feed and stalks as cooking fuel and building material. Mulches that cover
soil surfaces greatly reduce soil erosion, runoff, and evaporation, leading to about
70% increased cereal harvest. Incorporating fresh plant materials or animal manure
is another option to compensate for unfavorable soil physical properties. At the same
time, mineral fertilizers applied in conjunction with organic resources have greater
nutrient use efficiencies. These examples of Integrated Soil Fertility Management
illustrate the need for farmers to make best and balanced use of crop residues and
other available organic resources [14].
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3.4 Systems-level improvements

Several systems improvements result in more resilient agricultural landscapes and
are best implemented at the community or landscape levels including the control of
insect invasions, elimination of parasitic striga, introduction of trees to open crop-
lands, improvement to rotationally grazed lands, and the local production of biogas.

3.4.1 Controlling insect invasion

The Sahel is characterized by major invasions of insect pests such as the yellow
desert locust (Schistocerca gregaria) and fall armyworm (Spodoptera frugiperda). These
outbreaks pose a major threat for farm households and undermine larger efforts to
strengthen food systems [29]. Locusts are notoriously difficult to control once large
swarms accumulate and spread over expansive areas. Following favorable rains,
vegetation is sufficient for multiple generations of locust to spread across agricultural
landscapes, devouring everything in their path. Early warning and preventative
control are keys to stopping locust populations from reaching epidemic proportions.
Spraying with chemical insecticides controls desert locust but to be most effective,
insecticides must be applied directly onto migrating swarms. Spraying interventions
for smaller areas can be performed by teams on foot with knapsacks, whereas for
larger areas there is need for vehicle mounted nebulizers or specialized spray planes.

The invasion of fall armyworm across cereal croplands throughout Africa, includ-
ing the Sahel, also represents a major threat to food security [30]. TAAT offers a rapid
response kit consisting of a custom-built cargo tuktuk, power sprayers, safety equip-
ment, commercially recommended pesticides, farmer information, and communica-
tion materials [5]. Early control of armyworm is also achieved through maize seed
treatment with Syngenta’s FORTENZA DUO, offering protection to maize crops up to
4 weeks after germination. Authorities in countries worst affected by fall armyworm
are encouraging all maize seed producers to treat their seed with this product.

3.4.2 Overcoming striga infestation

Striga is a parasitic weed-attacking cereal and other grass and invading cropland
of the Sahel. The damage inflicted by striga begins underground where its roots enter
the host, feeding on its nutrients and moisture and releasing toxins into the plant
causing twisted, discolored, and stunted growth [31]. After feeding below ground
for 4-5 weeks, a fast-maturing shoot emerges that produces attractive spikes of
violet (Striga hermonthica) or red (Striga asiatica) flowers that mature into capsules
containing abundant, tiny, long-lived seeds. Parasitism greatly reduces crop yields.
Striga attacks millet and sorghum, but these crops show some tolerance to its effects;
maize is more severely affected. Farmers respond to striga by hand weeding and, less
often, burning affected fields, but the efficacy of these practices remains questionable
considering the large numbers of tiny seed that a single, mature plant produces and
returns to the soil.

The agricultural community has responded by developing several new approaches
to striga control. These approaches involve crop resistance to systemic herbicides,
striga-tolerant cereal varieties, and striga suppression by nonhosts and trap crop-
ping [32]. Farmers must become aware that striga infestation is a solvable problem
and gain experience in the use of breakthrough technologies. Local and national
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authorities must fully recognize the threat posed by striga and prioritize efforts
to overcome it within rural development agendas. By attacking this plant parasite
through a combination of approaches, it is now a solvable problem and offers an
important element of comprehensive rural development packages wherever this
parasitic weed occurs.

3.4.3 Transition to agroforesty

Great potential for agricultural transformation exists through the conversion of
open-field cropping to agroforestry parkland [33]. These parklands appear as well-
spaced trees that protect the soil and contribute to soil fertility renewal. Because of
these benefits, the crops that grow near or below these trees often perform better than
those in an open field. Parklands also sequester significantly greater carbon stocks than
open croplands in a way that mitigates emissions of greenhouse gasses. These increased
carbon stocks may be 20 or 40 MT C per ha greater than that retained by open crop-
land and hold potential to sequester carbon into deeper soil horizons [34]. The agrofor-
estry parklands that appear in the cultivated drylands are often the result of clearing
trees rather than planting them, and this creates difficulty in carbon accounting, but
when open cropland is purposefully transitioned to agroforestry parkland, the carbon
gains are clear and attributable to the efforts from tree planting and protection [5].

Afforestation of open croplands is best practiced at the community level because
of the demand for quality tree seedlings, the need to plant them at scale, and the
collective responsibility to protect them until these trees are well established.
Transitioning from degrading open cropland to productive agroforestry parkland
should be considered within agricultural development efforts as sound from both the
food security and climate action perspectives, noting that success also involves capac-
ity development at the community and extension advisory levels.

3.4.4 Improved range management

Raising livestock is a critical enterprise across the Sahel but overgrazing has
resulted in extensive land degradation [35]. Cattle, sheep, and goats are regarded as
assets among pastoralists living in areas too dry for reliable farming, and strategies are
available to improve the grazing and forages that these lands provide. Water harvest-
ing technologies presented in this paper may be practiced on noncultivated lands
planted with improved grasses and browse species, particularly near watering holes
where animals are likely to concentrate during the dry season. Stover and stubble
of cereal fields are grazed following the harvest of millet, sorghum, and maize, and
these lands are then fertilized by the manure that is deposited. While this system is
robust as long as rotational intervals are of sufficient length, these systems begin to
degrade if cropping becomes to frequent. One means to strengthen the crop-livestock
system is to improve these rotational pastures using either annual or perennial
grasses. These grasses not only provide feed for livestock, but they provide ground
cover that resists wind and water erosion.

Improved rangeland management falls into four general categories that are best
applied in packages. Agronomic measures are associated with annual cropsina
rotational sequence and are impermanent and of short duration. Vegetative measures
involve the use of perennial grasses, shrubs, or trees and are of longer-term duration.
Structural measures reduce erosion and capture water and may result in a permanent
change in landscape. Management measures involve a fundamental change in land use
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and may be directed through policy intervention [35]. Improved rangeland manage-
ment is best conducted at the community level where lands are collectively managed.
This participation reduces the risks of conflicts between farming and livestock that
often lead to larger social misunderstandings.

3.4.5 Local production and use of biogas

This technology refers to the production of combustible gas within small-scale digest-
ers at the household level. It is based on the utilization of plant and animal residues as
organic wastes that are decomposed in anaerobic tanks, forming methane and a digested
slurry byproduct useful as an organic fertilizer and soil amendment [36]. Gasses rise and
collect through an outlet for burning as cooking fuel and the sediments sink into sludge
for later collection. Gasses may be produced in a variety of vessels located above- or
belowground. These reactors may be fashioned from metal tanks, built from concrete,
or purchased as complete units. Attraction to this technology is growing across the Sahel
because of its socioeconomic and environmental benefits, and it has a proven ability to
improve the lives of rural households that would otherwise burn wood and charcoal,
or cook using purchased kerosene [5]. The diversification of energy supply creates
economic opportunity to those who build and equip these digesters, and it reduces local
air pollution and deforestation due to firewood collection and charcoal making, and
increases sequestration of carbon into soils amended with the digested organic sludge.
Carbon sequestration is also achieved by the substitution of renewable energy produc-
tion from methane as compared to reliance upon fossil fuels. Biogas generation is best
considered among a suite of rural development options that are designed to educate
stakeholders and supply the hardware and infrastructure it requires [37].

4. Impacts from technology deployment

Table 2 presents findings for millet and sorghum from the TAAT Program in seven
countries of the Sahel [18]. ICRISAT coordinated this effort based on the delivery of
“technology toolkits” through national programs. Millet and sorghum yields were
improved by 133% and 140%, respectively, and reached nearly 84,000 households

Parameter Millet Sorghum Units

Average increased productivity 1.00 175 MT dw increase ha™

Yield improvement over baseline 133% 140% MT increase/MT baseline

Number of technology adopters 12,403 71,217 Households adopting technologies

Innovation coverage 23,765 100,098 Total ha

Total increased production 23,765 175,172 MT on harvest weight basis

Total increase value 4,515,361 37,662,005 Value of increased production in US$

Average adoption area 192 141 ha household ™"

Increased food supply 1.92 2.46 MThhyr?

Increased revenue per household $364 $529 Total return US$ hh " yr™!
Table 2.

Benefits from adopting improved technologies for millet and sorghum in the Sahel between 2018 and 2020.
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managing about 124,000 ha and leading to the increased production of 199,000 MT
of grain worth US $42 million. Individual households greatly benefited in terms of
food security, and the average increase income from participating in the technology
delivery effort was about US $504 (calculated as a weighted average from Table 2).
Activities involved 16 partnerships and delivered 1391 MT of improved certified seed.
The right technologies taken to scale can deliver benefits to partnering farming com-
munities that rely upon millet and sorghum as a staple crop.

Investment in TAAT technologies results in economic gain across a wider selection
of commodities as well. Table 3 provides information on the increased yields of five
cereal crops (rice, wheat, maize, sorghum, and millet), increased cost of production
and economic returns to that investment. The average increased productivity was 1.3
MT ha ! worth US $333 resulting from $136 increased investment, mostly as fertil-
izers. This results in an average increased value of US $197, ranging from $85 (for mil-
let) and $299 for rice. Note that except for rice, these crops were grown under rainfed
conditions. The partial benefit to cost ratio ranges between 1.8:1 (for millet) and 3.2:1
(for maize), suggesting that economic returns are solid but not spectacular.

Table 4 shows projections of carbon sequestration resulting from TAAT
interventions to cereal production including system gains, values, and household
contributions. These projections are based on reports of increased yield, coverage,
numbers of adopters (see Table 2), and assumptions concerning biomass, moisture
content, Harvest Index, crop carbon content, CO,e:crop C ratio, planning horizons,
and the price of CO,e. This approximation allows for the estimation of realizable
gains of CO,e associated with increased biomass and residual benefits in terms of
COse gain per ha and as total average gain per project-year and household [18].
Realizable gains were achieved based on increased focus upon climate-smart field
practices and products within the technology toolkits employed by participating
farmers and development projects. This approach results in estimated CO,e gains
averaging 4.4 MT ha ™' across these five cereals and a total of 2.1 million MT of CO,e
per year worth about US $65 million. When the number of adopters is considered,
this amounts to per capita emissions reductions of 1.5 MT CO,e per household per
year, similar to the targets established by Branca et al. [38] and Lipper et al. [39].
This analysis is incomplete, as it does not take into account carbon losses from other
farming practices; rather it focuses on peak seasonal increases.

The feasibility of organizing small-scale African farmers into a force devoted to
carbon sequestration is an exciting opportunity, but one that does not greatly benefit
individual climate-smart practitioners from the standpoint of direct financial ben-
efit as their gains are worth only $16 household per year at current prices of COse.

Commodity Units Rice Wheat Maize Sorghum Millet  Mean (+ SEM)
Increased productivity MTha 12 19 0.7 17 1.0 131+0.19
Increased fertilizer cost US$ha' 91 200 69 146 103 122 +20
Total increased cost US$hat 153 203 73 148 105 136 + 19
Increased crop value US$ha' 452 418 231 376 190 333+ 44
Increased partial netreturn ~ US$ha™ 299 215 158 229 85 197 30
Partial benefit: cost ratio Us$usS$t 295 2.06 317 2.55 181 2.51+0.22
Table 3.

Economic returns to technology investment in cereals based on TAAT toolkit packages (2018—2020).
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TAAT commodity Increased Annual Value of annual Annual reduction

compact system CO,e increased CO,e' increase in CO,e” per adopter’
(MTha™) MTy! $y'x10° MTCOsey™*

Rice 1.06 186,882 41 0.08

Wheat 292 1,753,606 38.6 19

Maize 31 869.284 191 15

Millet 5.71 22,611 0.5 18

Sorghum 9.27 154,668 34 22

Total (mean) 4.41 2,118,636 65.7 1.50

"Mean weighted by coverage from Table 2, + standard error of the mean.
2Based on US $22 per MT CO.e.
3Based on the annual increase of CO,e and overall mean weighted by beneficiary households from Table 2.

Table 4.
Estimated carbon offsets from the adoption of TAAT technologies by African ceveal producers (based on [18]).

The benefits of climate-smart technologies are perhaps better advanced in terms of
improved livelihood and agricultural resource quality and then factored in terms
of realizing national commitments at the landscape level; rather than presented to
farmers as an income generating opportunity.

5. A transformational model

The TAAT Clearinghouse is developing a conceptual and mathematical model use-
ful in understanding and managing agricultural transformation in Africa. This model
has both qualitative and quantitative features.

5.1 Transformational realms

These realms are based on the roles and responsibilities of three interacting driv-
ing sectors: policy, markets, and farmers. It assumes that policies drive public works
and rural development programs, markets determine the scope and appeal of com-
mercial products and related investments, and farmers undertake individual and local
collective actions. When these roles are depicted along three triangular coordinates, a
conceptual model emerges that contains different transformational realms, many of
them widely recognized. Grassroots actions occur where farmers dominate adoption
processes (Figure 1), commerce is conducted where businesses buy and sell agricul-
tural technologies, and government-led parastatal operations exist where government
controls agricultural opportunities and trade. Other familiar blended realms exist
including agricultural extension, public-private partnerships, and farmer-commer-
cial alliances (e.g. out-grower networks). At the center of these activities, we identify
complex alliances, where all three drivers meet on equal terms to pioneer progressive
change. Each of these seven realms is briefly described.

5.1.1 Grassroots actions

Grassroots actions (upper center) are localized in scope and conducted by farmers
and their communities as opposed to being guided by those in more centralized

35



Sustainable Rural Development Perspective and Global Challenges

Progressive
Complex
Alliance

Public-Private
Partnership

commercial products and investment
Market Driven:

Figure 1.
Rural development realms resulting from policy-, market-, and farmer-driven interests.

positions of power. Farmers belonging to grassroots organizations rely on individual
and collective action to effect desired local change and often receive guidance from
local agrodealers and extensionists.

5.1.2 Business-led development

Business-led development (lower left) incorporates a range of strategies aiming to
establish markets and provide economic opportunities that drive rural growth and
employment opportunities. In more advanced settings, the private sector plays the
lead role in research and development as well, translating breakthrough technologies
into useful products and services.

5.1.3 Farmer-business alliances

Farmer-business alliances (center left) allow small-scale producers to transition
into commercial agriculture by providing information, inputs, and markets, usually
based on a focus commodity. This alliance can operate as out-grower schemes and is
further advanced through digital services and e-commerce platforms. The “farm to
fork” approach relies upon such alliances.

5.1.4 Public-private partnership

Public-private partnership (center bottom) is an agreement between the public and
private sectors for the purpose of accelerated delivery of products or services beyond
the reach of either. In some cases, it increases the efficiency of public services, and
in others it is intended as an accelerated pathway to privatization. It may be based on
contracts where government assigns some of its responsibilities to a private partner
and often involves joint investment under terms attractive to business.
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5.1.5 Agricultural extension

Agricultural extension (center right) applies new knowledge to agricultural
practices through farmer education and advisory services, leading into increased
productivity and improved livelihood. It relies on farm visits, group interactions (e.g.
demonstrations and field days), and mass information campaigns and is increasingly
reliant on digital devices and linkage to education systems. The effectiveness of cur-
rent extension systems in Africa is often questioned.

5.1.6 Parastatals

Parastatals (lower right) are organizations operating under political authority,
often as a state-capitalistic form of agricultural production. They are often criticized
for being inefficient, corrupt, and for underpaying producers but at the same time
have a proven ability to transfer modern farming techniques and new commodities to
small-scale producers. Parastatals are increasingly targeted for privatization through
public-private partnership.

5.1.7 Progressive complex alliances

Progressive complex alliances (center triangle) represent a difficult to achieve form
of stakeholder partnership that effectively balances the interests of rural communities
and the private and public sectors. In many cases, the loans from development banks
are focused on combined actions involving these stakeholders through their com-
bined participation and investment, although formula for success remains ambiguous
as it involves complex, knowledge-rich problem-solving across competing interests
and site-specific settings.

5.2 Sector interactions

Successful partnership within rural development programs striving for agricultural
transformation, particularly within the realm of progressive complex alliances, requires
effective communications between sectors (Figure 2). Between farming communities
and the public sector, these communications involve advocacy on behalf of agricul-
tural producers and their workers, and effective response from agricultural extension
services. This dual mechanism ensures that public investment in advisory services is
demand-driven. Unfortunately, rural communities often find it difficult to express their
needs, and those that do so on their behalf may behave opportunistically. At the same
time, public agricultural extension services are too often understaffed and under-
resourced, yet it is this communication that can lead to more efficient performance by
extension specialists and project designers.

Communication between farming communities and the private sector is more
direct. Businesses stream input products through agrodealer networks to farming
communities and later purchase their surpluses through buyers. Accompanying these
input products is information about them that is intended to achieve or maintain
various competitive advantages. Farmer feedback on the availability, efficacy, and
affordability of these input products is mainly felt in terms of seasonal purchases.

At the same time, businesses seek direct feedback from potential customers to
guide their selection of product lines and advertising campaigns. One difficulty in
this dual mechanism is the inability of poorer farmers to purchase the full suite of
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Figure 2.
Key interactions between the public, private, and farming sectors that velate to the design and implementation of
rural development projects.

recommended input products proven to maximize their production. There is also the
risk that unless accompanying technologies are properly bundled, the returns to any
one technology may be disappointing. This communication mechanism can lead to
alliances between farmers and businesses in terms of bulk purchase of production
inputs and better coordinated marketing of produce.

Interactions between the private and public sector are focused on regulatory
approval of products and steering financial incentives, often in ways designed
to maximize profits or taxation and that often bypass farming communities.
Nonetheless, the opportunities for co-investment into modernizing technologies
through these dealings are enormous and can lead to the formulation of needed
public-private partnerships that indirectly benefit farmers. One risk of this dialog,
however, is where haphazard or opportunistic privatization may result in parastatal
inefficiencies being replaced with private sector excesses.

Clearly, the optimal situation is where tripartite communication leads to the
design and successful implementation of rural development projects that engage
and benefit all three parties: rural communities, the private sector, and govern-
ment (Figure 2). These complex alliances require problem-solving with clear
agreement of which difficulties exist, how to merge possible solutions within
everyone’s best interests, and how different options most appealing to those
different interests may be blended or pursued simultaneously. From the program-
matic perspective, it is also important to establish how resulting activities may be
accurately and continuously monitored within the context of contingencies and
corrective adjustment. This level of communication as it relates to the deploy-
ment of modernizing agricultural technologies in Africa has proven to be no easy
matter.
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Figure 3.
Selected climate-smart technologies important to the Sahel as positioned within the Agricultural Transformation
Triangle.

5.3 An example from the Sahel

Technologies may be positioned within the agricultural transformation triangle
assuming that the relative importance of the three different drivers can be assigned
(Figure 3). This positioning is based on the relative importance of each driver in the
deployment of technologies and development outcomes, recognizing that all of them
must ultimately be acceptable to rural households to become widely adopted, whether
as technology customers or management practitioners. This approach, applied to the
17 technologies appearing in Table 1, results in clusters of technologies including those
that are mainly achieved through grassroots efforts (upper center), or by private sector
investment (lower left). Note that the positioning of new cereal varieties depends largely
on whether they are hybridized or open pollinated, as the latter allows for community-
based and farmers-own seed production. Also note that systems-level changes (e.g.
containment of insect invasions, elimination of Striga, agroforestry parkland establish-
ment) require greater involvement of the public sector. One advantage of this approach is
that technologies appearing in different clusters and within realms (see Figure 1) can be
considered mutual objectives within a program’s operational framework.

6. Investment volumes

Substantial if not ample investment in the agriculture of the Sahel occurs
(Table 5). Researchers at the Policy Analysis and Research Group at of Evans
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IFI annualized investment Sahel All sub-Saharan Africa Percentage (%)
In smallholder agriculture $590,213,920 $3,408,245,800 173

In rural infrastructure and $92,362,308 $2,834,768,443 33
commercialization

In agriculture as a sector $682,576,228 $6,243,014,242 10.9

Into all development $3,393,963,264 $28,331,013,684 12.0
Population (2019) 111,121,173 1,045,204,638 10.6

Per capita investment $30.54 $2711 112.7
Cultivated lands (ha) 41,883,700 226,540,000 18.5

Per ha investment $16.30 $27.56 59.1

Evans School of Public Policy and Governance (EPAR), University of Washington (Project #411).

Tables.

Annual investment in African agriculture and natural resource management by three major International
Financial Institutions: The African Development Bank, The World Bank, and the International Fund for
Agricultural Development (based on EPAR”).

School of Public Policy and Governance (University of Washington) recently
compiled data from three major International Financial Institutions (The World
Bank, the African Development Bank, and the International Fund for Agricultural
Development) to provide insights into the “Investment Landscape” in Africa [40].
The database contains all investments in 46 sub-Saharan African countries from
the three IFIs as of May 2021 and includes “active” or “implementation” projects,
loans, grants, or other financial investments [40]. To make funding by country
more comparable, investments were annualized by dividing the total financial
commitment per project by the number of years of implementation. Codes were
applied that allowed summation for Sahelian countries including Burkina Faso,
Chad, Mali, Mauritania, Niger, Senegal, and South Sudan, but not those with a
small portion falling within the Sahel (e.g. Benin, Cameroon, and Nigeria). Annual
investment in agricultural development across all of sub-Saharan Africa totaled
US $6.24 billion in 2019, with 11% of it (=$0.68 billion) directed to the Sahel. This
amount is proportionate in terms of population (+0.3%) and represents 20.1% of
total IFI investment. Considering the importance of agriculture in the Sahel, this
percentage seems somewhat low.

Overall, the per capita annual investment from the three IFS in the Sahel zone is
about $30. What can be done with this resource and how may it best be leveraged
toward greater benefit? Table 3 suggests that the cost of modernizing Sahelian farm-
ing is about $136 per ha, so these funds are only sufficient for improved production
on only 0.22 ha on a household basis. This intervention results in an additional 288 kg
food production and revenues worth $73. These modest gains can lead to substantial
improvement in lives. If 50% of the funds earmarked to smallholder agriculture in
the Sahel (about $295 million, calculated from Table 5) was directed to the delivery
of TAAT cereal technologies, this is sufficient to “jump start” improved production
across 2.17 million ha (calculated from Tables 3 and 5) resulting in 2.8 million addi-
tional tons of cereal and profits of over $560 million per year from improved agri-
culture. A similar analysis may be performed based on funds directed to cultivated
lands rather than households (Table 5). About $16.30 per ha is invested by IFls in
the Sahel, considerably less than the average across sub-Saharan Africa. This level of
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investment is sufficient to modernize production on 0.34 ha, producing about 445 kg
of additional cereal, leading to a huge improvement in food security (calculated from
Tables 3 and 5).

These same gains would lead to an estimated additional 3.3 million MT of sequestered
CO,e across the Sahel worth $71 million (calculated from Table 4), assuming that buyers
for that offset due to climate adaptation can be found. One complication, however, is
that the costs of directly quantifying carbon offsets on a smallholder farm may well be
greater than the value of those offsets themselves ($33 calculated from Table 4). Clearly,
potential exists for combined agricultural development and climate action given the
current level of development investment, and the challenge is to better realize these gains
so that even more investment will follow.

7. Conclusions

Modernizing technologies literally bring scientific breakthroughs to life in ways
that reduce risks and better manage cause-to-effect relationships. Technology transfer
determines how this modernization occurs as a process involving a wide assortment
of stakeholders from government, the private sector, financial institutions, and
research, civil, and educational institutions [41]. This process intends to work on
behalf of both the holders of technologies and those who stand to benefit from them
most. In the case of climate action through the deployment of agricultural technolo-
gies, these users are primarily land managers directed toward larger global needs
through practical self-interest, mainly acquisition of more secure harvests and greater
protection of farm resources. Policies may set the stage for change, but ultimately
environmental gains are achieved through combinations of purchased inputs and
improved management practice, with each category representing a different type of
technology holder. Input delivery is largely the concern of the private sector in terms
of commercial distribution; and management practices are influenced by agricultural
service providers, including public extension. Change is quickest when the two work
in conjunction, and this forms both a challenge and opportunity to the design of rural
development projects.

Two large regional programs of the African Development Bank are well positioned
to benefit from the technologies and deployment approaches described in this chapter,
The Programme for Integrated Development and Adaptation to Climate Change in the
Niger Basin (PIDACC [6]) and The Horn of Africa Project. PIDACC is funded through
the Niger River Authority and TAAT is one of its funded partners. It covers nine coun-
tries in the Niger River Basin: Benin, Burkina Faso, Cameroon, Chad, Cote D’Ivoire,
Guinea, Mali, Niger, and Nigeria. Its activities include climate-smart technologies
related to rice, maize, wheat, as well as soil and water management applied at the field,
household, and landscape levels. It operates under the premise that farmers who adopt
and exchange improved crop varieties, proactively manage pest outbreaks, better
utilize water resources, and maintain soil fertility are in a much stronger position to
secure food and income for their families and protect their agricultural resource base.

Horn of Africa is an AfDB regional project at an advanced stage of preparation. Its
partner countries will deploy proven, climate-smart agriculture technologies across
Djibouti, Ethiopia, Kenya, Somalia, South Sudan, and Sudan from 2022 to 2028.

The objective of the project is to build resilient food and nutrition insecurity and
climate change response, engage women and youth, and reinforce peace and security
across the Horn of Africa. Specifically, it aims to (1) improve agro-sylvo-pastoral
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productivity, (2) increase incomes from that production, and (3) enhance the adap-
tive capacity of the populations to better prepare for and manage climate risks.
Clearly, the right technologies, including those featured in this chapter, are required
to achieve these goals. AfDB is also leveraging co-financing from major climate funds
in ways that can impact upon UNFCCC Nationally Determined Commitments.

There is a strong relationship between dryland soil and water management
technologies available to small-scale farmers and the need for climate action in the
Sahel and elsewhere [19]. Within the context of risk reduction, many of the technolo-
gies appearing in this chapter are intended to adapt to climate extremes, particularly
higher temperatures, moderate drought, and erratic and intense rainfall. These adap-
tive technologies are particularly important at the field and household level. Farmers
that better capture rainfall or protect their cropland soils from wind and water ero-
sion are better able to feed their families. The same is true for communities that adopt
and exchange improved seed of open pollinated cereals such as millet and sorghum.
In this way, adaptation to climate extremes offers a “drawdown” of greenhouse gasses
that are accumulating in the atmosphere.

The most direct mitigative effects are to increase standing biomass and to manage
that biomass in ways that become sequestered into soil organic matter and woody
biomass. This is readily feasible using improved soil and water management practices
across large areas of land over sufficient times to realize these gains. In general, about
50% of increased productivity is carbon and a small proportion of that enters the soil
as residues for longer-term retention. One means to greatly increase standing biomass
is to move from rainfed to irrigated agriculture, and another is to rehabilitate lands
that are degraded and overgrazed. It is possible to combine adaptive and mitiga-
tive technologies as when bunds intended to capture water and reduce erosion are
planted with perennial vegetation. Also, the same contour structures used to protect
croplands may be constructed in adjacent rangeland to assist in the re-establishment
of native vegetation. At the same time, carbon gains in rangelands must be weighed
against the increased livestock carrying capacity and the methane they release
through digestion.

Substantial opportunity for carbon gains across landscapes exists through the
steady transition from open-field cultivation to managed parklands, often through
the introduction of economically useful trees. The agroforestry techniques to achieve
this transition are well described. Re-vegetation has a transnational dimension
through the ambitious Great Green Wall for the Sahel and Sahara Initiative to actas a
barrier to further desertification [42]. Another proactive mitigation response occurs
through bio-digestion in terms of fossil fuel replacement. One huge advantage of
mitigation over adaptation is that quantified carbon gains may then be offered for sale
and traded with polluters as a condition of their continued emissions. Another is that
they can be applied to the Nationally Determined Contributions of countries within
climate agreements [43]. Ultimately, rural development projects and climate actions
must be viewed as one and the same.
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Chapter 3

The Linear and Nonlinear
Relationship between
Infrastructure and FDI in India

Nenavath Sreenu and Kondru Sunda Sekhar Rao

Abstract

The study examines the linear and nonlinear relationship between Infrastructure and
FDI, to understand whether there is a significant difference or not concerning the FDI
equity inflows to infrastructure projects. The ARDL and Granger causality methods to
cointegration; propose the existence of long-run function in two-directional causalities
between foreign direct investment and infrastructure, whereas the nonlinear
autoregressive distributed lag (ARDL) validates the asymmetries in the relationship
between FDI and Infrastructure. The outcomes of the study are that foreign direct invest-
ment inflows are significant to improve the infrastructure projects in various sectors, in the
short-run and long run. As enlightening infrastructure is dynamic to attract FDI, outcomes
will be predominantly valuable to policymakers and related to the emerging markets.

Keywords: infrastructure, FDI, GII, ARDL and market

1. Introduction

The secondary information has extensively recognized the key role of infrastructure
growth in fascinating FDI inflow. A sound developed infrastructure strategy boosts mar-
kets integration and entices FDI inflow in any nation [1], whereas the deficiency of
comprehensive infrastructure interrupts markets relationship and herewith slowdown
the foreign direct investment (FDI) inflow in particularly developing countries [2]. The
obtainability of advanced infrastructure principally decreases the cost of trade, boosts the
ease of doing business and invites the foreign direct investment (FDI) inflow. Infrastruc-
ture tool is used in this paper as an engine for economic growth and facilitate a compara-
tive advantage to a developing nation in terms of foreign direct investment inflow [3].
Additionally, the secondary data has shown evidence that the nation with good infra-
structure engrossed more foreign direct investment inflow [4], whereas the nation’s
deficient with infrastructure development are stereotypically unsuccessful to attract the
FDI inflow [5] and those nation economies also shown that the poor condition [6].
Moreover, it also determined that the impact of the infrastructure development on FDI is
positive and significant in a growing economy, preceding research [7] assessed that a
deficiency of Infrastructure castigates FDI inflow. The significance of the infrastructure
plays a vital role in the promotion of foreign direct investment inflow. The research data
extensively explore the query of how the nonexistence of infrastructure can affect foreign
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direct investment inflow along with the different results of foreign direct investment in
the host nation. Though the literature review has given little concentration to examine the
role of FDI in improving the obtainability and quality of infrastructure in developing
nations’ economies. According to Pradhan et al. [8] illustrated that the foreign organiza-
tions carried progressive technology and skills to the host nation herewith encouraged
new technological dissemination in the nation along with investment. FDI inflow also
facilitates home organizations with an unintended opportunity to learn from the foreign
firms by studying and permeating an intelligence of plenteous needed competition [9]:
which develops a cumulative output of the ant nation economy. Foreign direct investment
plays a significant role in economic growth [10], the positive impact of FDI inflow is not
only inadequate to the transfer of better technology, in circumstance, it also needs any
nation to develop the quality infrastructure [11]. As a developing nation economy like
Indian have enough resources but do not advance technology to effective utilization of the
resources, to improve the infrastructure facilities in India, advanced technology is
required, it is required the support of overseas capital to improve their infrastructure
facilities. Foreign companies cooperate in R&D in enhancing innovative technology and
development of any nation, specifically in infrastructure development to bond up with
various markets in the different nations. The literature review broadly examined the
various determinants factors of FDI like population, political stability and institutional
quality etc. [12]. As this critical point lacks in review, this paper aims to examine the causal
two functional relationships between total FDI and total infrastructure and enhance the
literature review on this vital singularity. Furthermore, the literature discloses that
prevailing research articles on the subject matter hurt from numerous data limitations
[13]. The original paper on infrastructure focuses on variables representative of infra-
structure for a large nation sample during 1990-2018 but it does not formulate an index of
cumulative infrastructure. Likewise, extensively the review on infrastructure projects in
different sectors depend on a very inadequate description of infrastructure while exam-
ining its stimulus on different economic indicators are investment, trade, and growth.
Gnangnon (2018) assessed the impact of the telecommunication infrastructure on eco-
nomic growth in a developing nation like India. Chakraborty and Nunnenkamp [14] uses
ITC (international telephone circuits), the inclusive road infrastructure length and the
number of airways as a proxy for the infrastructure development to examine the rela-
tionship between public infrastructure and foreign capital. Hall et al. [15] investigated
broader insight and apprehension of the various infrastructure components to assess the
association between transportation cost and infrastructure growth.

As for the given information limitations, this research paper employs a recently
established inclusive using global infrastructure index 2020 which comprehends numer-
ous infrastructure extents for India to overcome statistics limitations in secondary infor-
mation. Predominantly the global infrastructure index 2020 is grounded on an annual
wide-ranging of minimum 15 indicators datasheet of the obtainability and quality of
infrastructure during 1995-2018 formulated by Khan et al. [16, 17]. In this research paper,
the following infrastructure parameters (like power sector, construction, transportation,
telecommunication, health, finance and energy) are used. UCM (Unobserved Compo-
nents Model) is employed expedient infrastructure from the sub-parameters of infra-
structure development. Additionally, the paper highlights some important points
According to the Reserve Bank of India, infrastructure covers the following sectors also
Power, Telecommunications, Railways, Roads including bridges, Seaport and airport,
Industrial parks, Urban infrastructure, Mining, exploration and refining, and Cold storage
and cold room facility, including for farm level pre-cooling for the preservation or storage
of agricultural and allied produce, marine products and meat.
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2. Infrastructure and FDI inflow in India

India, among the worldwide five major countries in the emerging economy, has
significant potential to improve rapidly and thus made up to be an appropriate end-
point for FDI inflow. Despite all difficulties, India has attracted reasonable FDI inflow
comparatively with other developing economic developed issues. In the 20th
century’s, policy reforms, Indian performed better and received comparatively greater
FDI inflow [18]. The FDI inflow for the financial year 2009-2010 was 37,745 US
million dollars, and over the ensuing period of 10 years, the FDI inflows have recov-
ered stable growth in each year. For the year 2019-2020, the inflow was $27.1 billion
higher than the annual inflows in previous years from 2010 to date. The FDI inflows
reduced during the year 2011-2012 and 2013-2014 where they fell by 8 per cent and
26 per cent respectively due to some reason like slowdown of economic development
issues in India. Table 1 has explained the input of specific sector FDI out of total FDI
inflow in the Indian sector. The table illustrates the evocative variations in the infra-
structure sectoral composite of FDI inflow in India from the last 20 years. An inclusive
investigation of sector-wise FDI discloses that external investors favored in
Manufacturing sectors throughout 2000-2020. The manufacturing sector has
accounted for more than US$ 89.40 billion from April 2000 to March 2020. During
2020 the Government of India increased FDI in manufacturing under the automatic
route from 49-74%.

Similarly, the FDI inflow has significantly contributed to the above-mentioned
three sectors and has shown the reforms of sectoral-FDI also account for significant
variation for the time-to-time period. The distribution of the service sector out of total
FDI inflow has increasingly and expansively improved in the same period. FDI equity
inflow amount for services sector India FY 2015-2020. In the financial year 2020, the
foreign direct investment equity inflow in the services sector in India was worth
approximately 7.86 billion U.S. dollars. The foreign investment inflows have been
consistently increasing over the last five years in this sector. To assess the post- and
pre-reform of sector-wise FDI performance in the economy of India, this paper
calculated the FDI performance index sector level that indicates the share of FDI
sector-wise, comparative to its influence to aggregates of the India GDP. A value
higher than 1 presents that the specific sector has recognized additional FDI inflow
than its comparative economic size while a value less than 1 suggests that the specific
sector received less FDI- inflow than its relative contribution; the below method was
also used by Shah et al. [19].

Years Service sector Manufacturing sector Primary sector
2000-2005 0.086 0.983 27.341
2005-2010 0.193 0.671 18.037
2010-2015 1.386 1.472 24.726
2015-2020 1.047 1.057 9.163

Source: Calculations of authors’.

Table 1.
Index of sector-level FDI performance.
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2.1 Rural infrastructure

Rural infrastructure in the country is crucial for agriculture, agro-industries and
poverty alleviation in the rural areas. Rural infrastructure provides essential produc-
tion conditions which are required for social and economic growth and for promoting
the quality of life in rural areas. As per the government statistics clean tap water is
available to only 24% rural households. About 56% of rural households had electricity
connections. Centre and state government have over all estimated a total capital
expenditure of Rs. 7,73,915 crore between fiscals 2020 and 2025 on rural infrastructure
development in India.

According to the Department for Promotion of Industry and Internal Trade
(DPIIT), the Indian food processing industry in rural has cumulatively attracted
Foreign Direct Investment (FDI) equity inflow of about US$ 10.24 billion between
April 2000 and December 2020.

In the year 2021 infrastructure activities accounted for 13% share of the total FDI
inflows of US$ 81.72 billion. The government invested US$ 1.4 trillion in infrastruc-
ture development as of July 2021.

Department of Drinking Water and Sanitation will be implementing the Jal Jeevan
Mission to provide functional household tap connection to every rural household i.e.,
“Har Ghar Nal se Jal” by 2024. The program will be implemented at an estimated total
capex of Rs. 3,60,000 crore shared between states and center as follows: Rs. 2,48,626
crore would be invested in rural housing under PMAY Gramin and about Rs 162,329
crore would be invested to improve rural roads under PMGSY. Improving the rural
road connectivity by providing all-weather roads to connect eligible habitations in
rural areas. As on December 31, 2019, road length worth Rs. 2.9 lakh crore had been
sanctioned and expenditure of Rs. 2.17 lakh crore incurred. World Bank sanctioned
about INR 2462 billion (US$ 37 billion) through its Country Assistance Strategy
committed to a series of loans/credits to support “Pradhan Mantri Gram Sadak Yojana
(PMGSY) to complete 165,411 Road projects in rural areas. The total projected rural
infrastructure investment from 2020 to 2025 is given in the Table below.

From the table given above it can be understood that, the rural infrastructure
investment is 7% in the total infrastructure investment in India. The projected
cumulative investment from 2020 to 2025 is 773,915 million rupees.

Sector-wise break-up of capital expenditure of Rs. 111 lakh crore during fiscals
2020-2025.

2%

1%
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Department FY20 FY21 FY22 FY23 FY24 FY25 No FY20-
phasing  FY25

Rural 103,555 116,306 109,930 27,055 27,055 27,055 0 410,955
infrastructure

Water and 36,758 60,497 100,881 84,822 80,002 0 0 362,960
sanitation

Total rural 140,313 176,803 210,811 111,877 107,057 27,055 0 773,915
infrastructure

Total 1,442,131 2,153,779 2,132,274 1,647,122 1,540,813 1,315,091 899,218 11,130,428
infrastructure

Table 2.

Table shows the projected investment in rural infrastructure in India from 2020 to 2025. (rupees in croves).

from the above diagram it can be understood that, energy sector 24%, roads sector
18%, railways 12%, ports 1%, Airports 1%, urban infrastructure 17%, digital infra-
structure 3%, irrigation 8%, rural infrastructure 7%, agriculture & food processing
2%, social infrastructure 4% and industrial infrastructure 3%. Hence, it is concluded
that, the total share of the rural infrastructure in total FDI is 7%.

. FDI;/FDI;
Present FDI inflow = GDP,/GDP;

From the above equation used for the determination of present FDI inflow,
whereas, FDI; inflow in the infrastructure sector I; FDI, is cumulative FDI inflow,
GDP;g,; indicates GDP of the infrastructure sector I and overall value of GDP is t.

Table 2 has shown the variance between the infrastructure project performance
during pre-and post-reforms periods of sector-wise FDI growth and better perfor-
mance indices. The performance indexes illustrate that during the pre-and post-
reforms era, the major and important sectors are gas, oil, power sector, transportation,
construction and mining sectors, which attracted FDI inflow and contributed to GDP
growth. In the present situation, the Indian industries have overcome the shortage of
electricity and the deficiency of proper infrastructure facilities. Both private and
public manufacturing sectors are facing low-level problems against the lack of infra-
structure issue, it looks like the latter is winning. Based on the literature review, the
paper has tested the following two hypotheses.

Null Hypothesis (HO): There is no significant difference in FDI equity inflows to
Infrastructure projects.

Alternative Hypothesis (H1): There is a significant difference in FDI equity inflows
to Infrastructure projects.

3. Data and methodology
3.1 Explanation of variables and data gathering
To assess the relationship between infrastructure and FDI inflow from 2000 to

2020, the paper depends on the global infrastructure index 2020 (GII-2020) a com-
pound index and also sub-sector of infrastructures such as transportation (TI),
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telecommunication (CI), power sector (PI) and energy sector (EI) and financial sector
(FI) recognized on data collected from various sources (RBI, world bank and Global
infrastructure index and CMIE reports).

The global infrastructure index 2020 (GII-2020) encompasses different quality
and quantity magnitudes of infrastructure for India. The GII-2020 is created every
year on a comprehensive range of infrastructure development parameter datasets of
the accessibility and quality of infrastructure throughout 2000-2020. Besides, the
paper used the institutional quality component, trade openness and human capital
factors as control variables.

3.2 Research methodology

The present research investigates the two functional short and long-run causal
dynamic relationships between infrastructure and FDI inflow, employing granger causal-
ity, ARDL (autoregressive distributed lag), and NARDL (Nonlinear autoregressive dis-
tributed lag) estimators to cointegration. This method is recognized in the case when the
carefully chosen indicator is integrated either at the 1(0) level or the first difference I (1).

Moreover, from the simple linear transformation, the error ECM (—1) correction
model easily may originate [16, 17]. To calculate the relationship between FDI and
infrastructure the autoregressive distributed lag model assesses the following
unlimited error correction model:

P P P
AFDI; = aofdi + ) 0giiFDI_inf ¢ + Y  €gAHC inf 1+ Y  PrzATO_inf i

i=t i=1 i=1

P P

+ > ¥raiAIQUinf i + Y BaiAGLinf 1y + g FDI_inf i + pyeg AHC_inf ¢ 4
i=1 i=1

+p3fdiiATO— inf i=t + H4fdiiAIQ— inf t=i + qudiiAGI— inf =1+ Dt + V11

ey

P P P
AHC_inf = aofdi + Y | €iAHC_inf( 1+  OgqFDIinf i+ Y  PrgATO_inf iy

i=1 i=t i=1

p p
+ > YraiAIQ_inf i + Y @eaiAGILinf 121 + g FDIinf i + poggu AHC_inf ¢ 4
i=1 i=1

+p’3fdiiATO— inf i=t + H4fdiiAIQ— inf t=i + usfdiiAGI— inf =1+ Dt + Vlt
)

The measuring the long-run relationship between FDI and infrastructure this
paper employs the bound testing techniques. The process of bound testing technique
analysis of the hypothesis of no cointegration between the chosen indicator and the
existence of cointegration between the indicators of study interest. The lower and
upper bound critical values are significant role-plays as a determinant for the
cointegration test [20]. If the calculated F-statistic value is higher than the upper
bound critical value, then the HO (Null hypothesis) is rejected. If the F-statistic value
is lower than the lower bound critical value,

The Granger causality model using the I(I) of variables all over a VAR may cause
uncertainty in the results in the existence of cointegration among selected variables.
Hence, an advanced form of traditional Granger causality model relating the error
correction method (ECM) is articulated in VECM as follow:
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P P P
AFDI; = aofdi + » g FDI_inf e + Y € qAHC_inf 1 + > PrgATO_inf i

i=t i=1 i=1

p P
+ Z YeaAIQ_inf —; + Z @i AGI_inf [y + +QECM;_1 + Dy + ps;
i1 i1

(3)

P P P
AHC_inf, = apfdi + Z € AHC_inf 1 + Z 0eai; FDLinf (; + Z Bra ATO_inf i,

i=1 i=t i=1
P P
+ > YAIQinf i + Y @ AGI_inf 1y + +QECM;_1 + D¢ + py
i=1

im1
(4)
3.3 The non-linear auto-regressive distributive lag model (NARDLM)

According to Pesaran et al. [20] the cointegration test makes available proof of a linear
relationship among the chosen variables. The current research paper also uses the NARDL
[19] model to examine the existence of an association between FDI inflow and infrastruc-
ture in India. The non-linear auto-regressive distributive lag model [21] is a nonlinear
extended form of the autoregressive distributive lag model for consistent impeding both
short and long-run irregularity in the autoregressive distributive lag model.

The non-linear auto-regressive distributive lag model is calculated in the current
paper that determines the short run and long run of the positive and negative partial
sums. Thus, the non-linear auto-regressive distributive lag model contemplates the
form of the resulting equation:

p P P
AFDI = oofdi + »  paiGILinf ¢ s + > €qAHC_inf 1+ PrguATO_inf

i=t i=1 i=1

p p
O ¥raAIQUinf i + Y @raAGI_inf 11 + juyq FDLinf ¢
i=1 i=1

+p2fdiiAGH— inf =1+ p?’fdiiATO— inf i—t + psfdiiAHCI:I + Dt + Vu

(5)
p P P
AGII = aofdi + ZiztafdﬁGH_ inf;+ Z € i AFDI,_q + Z Bras AFDI_
i=1 i=1
P P P (6)
+ ) vAIQUinf i + > BeiAHCI + Y By ATO_inf i
i=1 i=1 i=1

+p’2fdiiAGH— inf -1+ p’3fdiiATO— inf i—t + qudiiAHCI:l + Dt + vlt

4. Empirical outcomes and argument
4.1 Descriptive statistics and unit-root testing

Table 3 explains descriptive statistics value, this table helps to highlight the how
data descriptive statistics like. Descriptive statistics values comprise of several
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observations with determined values, mean, minimum, maximum, central value and
standard deviation point with corresponding variables to transportation infrastructure
(T_inf), telecommunication infrastructure (Te_inf), energy sector infrastructure
(E_inf), Financial sector infrastructure (F_inf), global infrastructure index 2020
(G_inf-2020), quality in institutional approach (IQ_inf), the primary sector of FDI
inflow (PFDII), FDI inflow service sector (FDIIS), export and import to GDP or trade
openness in infrastructure (T_inf) and human capital (H-inf).

Ouattara (2004) illustrated that the level of stationary among all the chosen vari-
ables of the study was of interest to observe the probable variables of FDI inflow in
infrastructure sectors wise during the long run and short run. Due to the circumstance
that if the factors of the study interest are stationary at I (2) the estimated F-test value
will not be significant. In the current paper, use the two types of tests are structural
break analysis which is (1) and (1) contemplate the structural break in the given timer
series data to examine the order of integration among the selected variables.

Table 4 explore that each variable is integrated either at I(1) OR I(0) order and
none of the indicators is stationary at I(2) order, According to (1) in this condition,
the auto-regressive distributive lag model is suitable moderately another cointegration
process. To assess the existence of a long-run relationship among chosen variables,

Years o [} [%] p 0 Y

2000-2005 17.845 19.462 7.374 7.562 6.461 2.479
2005-2010 9.351 24.522 23.538 22.218 9.704 7.483
2010-2015 27.361 21.580 17.650 31.492 16.739 14.695
2015-2020 39.720 31.301 6.361 38.572 29.537 27.968

Source: calculations of authors. The data has been collected from RBI.

Table 3.
Shares’ of different economic groups in % of cumulative FDI inflow in India.

Variable N Mean Std.dev Min Max
T_inf 37 —.765 .026 —.967 —.644
Te_inf 37 —.564 531 —-.931 —.854
E_inf 37 —.786 201 —.2.872 —-.117
F_inf 37 .043 746 -.797 .708
G_inf-2020 37 —0.069 2.836 —1.417 —.835
IQ_inf 37 213.962 21.690 —2.630 2.648
PFDII 37 231.067 214.495 141.759 241.640
FDIIS 37 146.947 732.571 —.138.503 271.492
FDI 37 214.057 261.837 127.395 382.708
TO-inf 37 0.056 0.073 352 .893
HC-inf 37 31.672 2.873 41.153 32.163

Source: calculations of authors.

Table 4.
Descriptive statistics value.
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this paper used auto-regressive distributive lag model and error correction model
techniques to cointegrate by using equations no 1&2. The study calculates the regres-
sions techniques that FDI is substituted by sectoral FDI inflow (like by FDI in the
primary sector, FDI in the service sector, and FDI in manufacturing and trading) to
evaluate the probable long-run association regarding FDI inflow and cumulative
infrastructure. As this paper investigates the two functional causalities between infra-
structure and FDI inflow sector (like by FDI in the primary sector, FDI in the service
sector, and FDI in manufacturing and trading), so for this determination of inverse
impact, the study also take infrastructure as a dependent variable and then substitute
the infrastructure into sub-indices of infrastructure (such as (T_inf), (Te_inf),
(E_inf), (F_inf), (G_inf-2020), (IQ_inf), (PFDII), (FDIIS), (T_inf) (H-inf)). The
optimum lag length is grounded on AIC for measuring the present models of interest.

5. Linear cointegration outcomes (autoregressive distributed lag-ARDL)

From Table 5, the significant level calculated with help of the F-statistics values,
the Ho (Null hypothesis) rejected the there is no cointegration and Table 5 suggested
that there is a possible relationship between the FDI inflow, Infrastructure and all
other control variables (such as Trade openness (export and import), Infrastructure
intuitional quality and Human capital in infrastructure projects) exist in long-run.
From equation no 1, the calculated F-statistics values are the upper bound critical
value at 5% and 1% significant level with control variables. The outcomes are in the
same order with preceding research studies [22, 23]. Furthermore, it was also exam-
ined in Table 4, the probable association exit in the long run between FDI, Infra-
structure and control variables. From equation no 2, the calculated F-statistics value is
higher than the upper bound critical factor value at 5% and 1% significant level

Augmented dickey fuller test (ADF) DF-GLS Test Zivot-Andrews
Variables 1(0) 1(1) 1(0) 1(1) 1(1) Break 1(0) Break
T_inf —1.847  —3.849""* —2.401 —4.842** -1.372 2003  —2.390** 2010
Te_inf —2.673"*  —4.283"* 3207 —-2.194*** —3.408 2005 —3.490*** 2008
E_inf —3.670"* —6.381"*  —1.869 —5.784*** —4.784** 2010 —1.539"* 2012
F_inf —1.934 —5298*  —2.301"**  —4.483"* —4.389 2013 —4.382" 2007
G_inf-2020 —2.873  —-2.602"**  —1.403 —6.492*** —1.950** 2016 —-2.367*** 2014
IQ_inf —3.438"*  —4.391™*  -2.672* —3.502%** —3.041 2014  —5.361"* 2015
PFDII —5.785"**  —2.428***  —1.069 —5.302"** —3.361™* 2017 —6.351""* 2017
FDIIS 2.480 —4.406"*  —2.301 —3.401"** —2.701 2018 —4.287"** 2006
FDI 3.561*  —3.371"* 1285 —4.295%** —-1.361 2020 —-6.351"* 2008
TO-inf 1.015 —5.103**  —3.40*™** —2.491*** —2.730 2012 —3.537"** 2008
HC-inf 2.638* —2.502** -1.289 —3.089"** -1308 2008 —1.628"* 2009

L, and " indicates significance level at per cent of “10%”, “5%” and “1%” corvespondingly. The “critical values” of

intercept are —2.701, —2.730, —1.950 significant level at 1%, 5% and 10% correspondingly, wheve the “critical values”
for Zivot-Andrews are —3.490, —6.351, —6.351 significant level at 1%, 5% and 10% ‘correspondingly.

Table 5.
Unit root test outcomes.
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without considering the control variables of human capital and quality in infrastruc-
ture institutional body). The experiential outcomes of the certain test for equation no
1&2, the H1 (alternative hypothesis) accepted, the existence of cointegration between
the chosen variables and Ho (Null hypothesis) rejected, due to no cointegration
between the selected variables, according to Asiedu [24]. The study also checked the
robustness for the determination of the long-run relationship between FDI and infra-
structure projects. The study also used the depended-on variables with and without
control variables, indicates in Table 6 which gives constant outputs in both the cases
(with control variables and without control variables).

Table 6 illustrated that the association among the aggregates infrastructure,
manufacturing sector and FDI inflow in the long run. Based on Table 6, the outcomes
show the expected positive relationship among the chosen variables in the long run.
The calculated F-statistics values are lower than higher bound critical factor value and
significant at 5 per cent level with control variables are infrastructure institutional
quality, human capital and export and import trade openness, while on the other side
(i.e., opposite causality) the pragmatic outcomes of the bound test have advised
robust relationship between total infrastructure and FDI inflow in the manufacturing
sector (column 5-6). The predictable F-statistic value is higher than the upper bounds
critical factor value at 5% and 1% correspondingly. Thus, the described outcomes
disclose the existence of two functional associations between total infrastructure and
manufacturing FDI. In this connection, the null hypothesis was rejected because there
is no positive relationship between the selected variables. The current paper showed
that two functional associations between total infrastructure FDI inflow in the
primary sector in the long run in the column no 4 and 8. The empirical outcomes

Cumulative Global Infrastructure Index 2020 to cumulative and disaggregate FDI inflow

Variables FDI_I FDI_P FDI_S FDI_M

F-Sta ECM F-Sta ECM F-Sta ECM F-Sta ECM

FDI/GII 2.65* -3.10 3.51 —3.01"* 6.84™* -1.84 6.56** —3.98
FDI/GII/IQI 2,04 —4.31* 3.47 —-431 656"  —3.05 4.62 -379
FDI/GII/IQI/TO 4.35 —5.71* 423" —4.28 3.43 —5.40  3.69 —4.37

FDI/GIV/IQI/TO/HC ~ 7.69*** —2.82"** 7.06 —5.14"* 835" —6.57"* 624" —6.45**

FDI/GIVIQI/TO/HC/  3.71*** —4.52*** 10.75"** -9.56™**  5.40 —5.83**  7.62"** 747"

Aggregate and disaggregate FDI Inflow to Cumulative Global Infrastructure Index 2020

Variables FDI_I FDI_P FDI_S FDI_M

F-Sta ECM F-Sta ECM F-Sta ECM F-Sta ECM

FDI/GII 7.13*** —3.76 6.74™  —4.17* 293 -2.14 2.98 —4.91
FDI/GII/IQI 6.36™** —3.42 3.68"*  —4.38"** 3.52 -2.21 3.53 —4.13
FDI/GII/IQI/TO 3.61 —2.28 435" —3.57 3.21 —3.75"  3.89 —5.52**
FDI/GII/IQI/TO/HC 4.39 —7.01**  3.78* —2.18 4.89% —427% 4277 563"
FDI/GII/IQI/TO/HC/  5.31** —539*  4.05* 537 4.14 -3.19 3.52 —5.53**

KKk K

S ™% and * Indicates significance level at “10%”, “5%” and “1%” correspondingly.

Table 6.
Cointegration outcomes (ARDL constraints test and error correction model result).
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explored the positive association among the infrastructure, FDI in the primary sector
in the long run and all the selected variables of the paper. The F-statistics is higher
than the upper bound critical factor value at a 1 per cent significance level with
consideration of with and without control variables.

Table 6 indicates the two-function association between FDI inflow in the service
sector and infrastructure in columns 4 and 8. The outcomes show the existence of two
functional relationships between FDI and infrastructure development in India. The
F-statistics values are greater than higher bound critical factor values in the case of
with and without control variables of column 4. On the other hand, the Aggregate
infrastructure to FDI services the values of assessed F-statistics are lesser than the
greater bound critical factor values in case of without control variables and experien-
tial greater than higher bound critical factor values at 10% significance level.

6. Granger causality method

The granger causality test determines the long-run relationship between the condi-
tion for causality and the selected variables of the study according to Morley [22, 23].
The Confirmation of long-run existence between the variables indicators shows that
there should be the minimum non-functional causality between the selected variables for
this research [25]. Henceforth, VECM is employed to calculate the function of the long
run and short-run causality relationship between total infrastructure and FDI inflow
with the consistency of the service sector, manufacturing sector and the primary sector.

Table 7 illustrates the long and short-run granger causality relationship from FDI
inflow in different sectors and total infrastructure in Indian, the results show that the
coefficient of error correction in long run period and the CEC term is strongly signifi-
cant when cumulative FDI inflow FDI in the manufacturing sector, FDI in the primary
sector and FDI in the service sector are used as dependent variables. Whereas the F-
statistics value does not indicate a significant impact on the selected variables during the
short run, i.e., FDI inflow in selected sectors to total infrastructure. The empirical output
of the Granger causality method estimator promoted the long-run causality exists from
the study variables (FDI_I, FDI_T, FDI_M, FDI_S) to total infrastructure which advises
the infrastructure play a significant role to attract FDI inflow in service sectors, primary
sectors, and manufacturing sectors of India (1). However, there is no causality existing
in the short-run (from FDI_I, FDI_T, FDI_M, FDI_S to total infrastructure) which
discloses that the total infrastructure does not affect the ability to attract FDI inflow in
sectors wise in the short run. The results in Table 7 also indicates the short and long-run
causality from total infrastructure to total FDI inflow. The output indicates that the long
and short-run causality in current and significant level at 5 per cent. It means that in
Indian total FDI inflow affects the availability of infrastructure and quality level.

Whereas the transportation infrastructure, telecommunication infrastructure,
energy infrastructure, infrastructure in the power sector and financial infrastructure
variables are used in this paper as dependent variables. This empirical output shows
that total FDI inflow causes aggregates and sub-indices of infrastructure in the long
run. The finding of the study reveals that inverse causality in FDI inflows indicates
positive and significant effects on overall infrastructure sub-indices in the long-run
period. Furthermore, the outcomes show that the sectors are FDI_P, FDI_S and
FDI_M are used as descriptive variables. The output demonstrated that the error
correction model is significant at the level of 5 per cent while FDI_P, FDI_S and
FDI_M are used as independent variables. The outcomes also indicate that in the long
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F-Statistics (Short-run) ECM, (Long run) A/R

FDI inflow to total Infrastructure

AFDI_I AGII AIQ  ATOE&I AHC AGII AlQ ATOE&I AHC HL:A

1.62 0.23 6.694 0.64™*  —0.31"™* —0.63"* —0.34"* —0.52***

FDI inflow in Primary sector to total Infrastructure

AFDI_P AGII AIQ ATOE&I AHC AGII AlQ ATOE&I AHC HL:A

0.56 0.023 3.75 7.05*  —0.65"** —0.23""* —-0.76"* —0.78"**

FDI inflow in the Manufacturing sector to total Infrastructure

AFDILM  AGII AIQ ATOE&I AHC*™** AGII AlQ ATOE&I AHC HL:A

2.01 3.04 3.05 1.72 —0.32** —0.15"* -0.37*  —0.28"**

FDI inflow in Services sector to total Infrastructure

AFDI_S AGII AIQ  ATOE&I AHC AGII AIQ ATOE&I AHC H1:A

2.49 0.67 2.25 0.72 —0.67*  —0.15"* —0.71"* —0.19"**

Total infrastructure and FDI inflow (Opposite causality)

AGII AFDI.I AIQ ATOE&I AHC AFDI_I AIQ ATOE&I AHC HL:A

478 0.84 2.46 0.04* —0.51"* —0.42" -0.71" —0.91"**

¥, %, and ¥ Indicates significance level at “10%”, “5%” and “1%” correspondingly.

Source: calculations of author.

Table 7.
Granger causality test output.

run extension of FDI inflow, it can grow infrastructure quality and availability (1).
Can grow infrastructure quality and availability (1).

Null hypothesis: The Diagnostic tests are not affected by the mention Econometric
problem. Alternative: The Diagnostic tests are affected by the mention Econometric
problem.

Table 8 illustrates the determined causal relationship between GII and FDIP in the
long run, in the same order where FDI_S is used as a dependent variable. The fact that
FDI_ S is used as a dependent variable. This indicates that the impact of total

Econometric F- P- Test Hypothesis Support
problem statistics  values AR equation
Heteroscedasticity 0.0471 0.0378 Breusch-Pagan-Godfrey Accepted Equation no 1
Specification 2.4914 0.0121 Ramsey RESET Accepted
Serial Correlation 0.4891 0.3861  Breusch-Godfrey LM Accepted
Normality 1.0382 0.0137 Jarque-Bera
Heteroscedasticity 1.0381 0.0027 Breusch-Pagan-Godfrey Accepted Equation no —2
Specification 3.2037 0.0271 Ramsey RESET Accepted
Serial Correlation 0.4891  0.0461  Breusch-Godfrey LM Accepted
Normality 0.8325 0.0294 Jarque-Bera Accepted

Table 8.

Diagnostic tests.
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infrastructure is positive but insignificant in the long run without considering the
control variables, while significant considering the control variable. The empirical
outcomes indicate that the spill-over effect of FDI inflow is more than infrastructure
in the long run in Indian. The model’s constancy is established by recursive estimation.
They recommend that statistically valid inference can be drawn from the selected
models. The rest of the diagnostic tests are indicated in Table 8.

Variables FDL_I FDI_P FDI_S FDI_M
SR dynamic
AFDI_I 0.481** 0.361 0.732 0.301
AGII_PS 0.701 1.332* —5.952 2.639
AGII_PS; 1 0.427 2.549 —7.603 12.812
AGII_NG —2.481* 0.367 3.225 —9.374
AGII_NG; 4 —1.302** —1.837 6.361 —11.371
AH_C 9.326™** —7.418 —37.291 —26.385"
AH_C¢4 7.589"** —11.720** —16.320* —35.679**
Al_Q 0.375 0.211* —0.391** 0.581
Al_Qpq 0.017 -0.417 —2.438 0.793
AT_O —2.940 —3.491 —4.210 3.482
AT_Oy4 —0.013 —0.036 —7.364 —1.596
ADM_GII 1.058* 2972 —4.647 4.795
ADM_GII, 4 0.381 3.285 —2.431 3.061
LR dynamics
GII-PS 0.503 —0.602 2.442 —0.640
GILNG —0.186 —3.673 8.927 —6.582
H_C 12.036*** 9.027 23.183*** 36.284**
I.Q 2.748** 5.327"** -0.947 4.473
T_O 6.274** —0.390** 5.963 9.739
DM_GII —2.491 —0.283 13.327 —3.406
PSS F-Stat 8.384** 4.372%** 0.113** 1.728***
ECM, 4 —3.374" ~1.361* 0.341"* —3.273%
Constant —107.849 —52.286"** —103.325"** —178.957***
N 57 57 57 57
R? 0.749 0.702 0.821 0.384
Adj. R? 0.853 0.731 0.873 0.648
SR asymmetries 3.593 0.668 0.703** 0.478**
LR asymmetries 0.472*** 0.004*** 3.251 0.561

KKK,

Note: * DU_FDI is time dummy variable confirmed for operational break in FDI_I, FDI_S, FDI_P, and FDI_M. ***p
< 0.0, ™p < 0.05 *p < 0.1

Table 9.
Nonlinear effect of global infrastructure index on aggregate and disaggregate FDI inflow in India.
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7. Nonlinear cointegration test

There may be a nonlinear relationship exist of time series variables, thus, after the
newest methodology proposed by Shin et al. [21], this paper tested the cointegration
method by exempting the linear relationship restriction. The outcomes are described
in Table 9, which authorizes the cointegration relationship (attained negative and

Variables FDI_I FDI_P FDI_S FDI_M
SR dynamic
AGILI 0.052 0.034 —0.081 —0.342
AFDI-PS —0.512 0.164* 0.051 0.892
AFDII_PS; 4 —0.901* 0.522 0.073 0.036
AFDI_NG —0.541 —0.701 0.067 0.307
AFDI_NG, —0.062 0.381 0.097 0.431
AH_C 21.983* 0.821 —6.842 -8.031
AH_Cy4 2.092 —5.057 0.462 —0.582
AlQ —-0.037* -0.371 2.092 0.482
Al_Qsq —0.361* -0.781 0.879 1.462
AT_O 3.267 4.381 0.956 1.549
AT_Oy4 2.471 4.381 0.472 5.391
ADM_FDI 0.302 —0.613 0.462 —0.945
ADM_FDI, 4 —0.461 —0.203 0.034 —0.126
LR dynamics
FDI-_PS 0.705*** —0.027 —-0.231 —0.479
FDI_NG 0.523*** 0.916 —-0.362 —0.253
H-C —16.538 —7.527 16.437 27.481
IQ 0.567 0.937 0,371 0,738
T_O -3.601 —1.385 —0.482 —2.481
DM-FDI 0.471** 0.681 —0.385 0.462
PSS F-Stat 1.372 0.375* —0.471*** 0.463
ECM4 —0.472* —0.638 —0.617** —0.739**
Constant 97.153** 32.230™* —-17.926 —27.631
N 57 57 57 57
R? 0.471 0.746 0.857 0.431
Adj. R? 0.521 0.648 0.427 0.172
SR asymmetries 2.461"** 0.374 1.046 0.597
LR asymmetries 0.031 0.204 0.381 0.046

Note: * DU_FDI is time dummy variable confirmed for operational break in FDI_I, FDI_S, FDI_P, and FDI_M.
" < 0.01, *p < 0.05 *p < 0.1,

Table 10.
Nonlinear effect of aggregate and disaggregate foreign direct investment inflow on global infrastructure index.
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significant statistics of Error correction model) among the FDI_I, FDI_S, FDI_P,
FDI_M and G_I_INF. Though, the co-movement of FDI_I, FDI_S, and G_I_INF is
maintained by a significant PSS test. The feature that differentiates the non-linear
auto-regressive distributive lag mode [25] from the traditional autoregressive distrib-
utive lag mode is the asymmetries testing. Fascinatingly, the outcomes illustrate that
in the case of equation no 1 there is an indication of SR asymmetries, and in equation
no 3 there exist LR asymmetries.

Likewise, Table 10 explores the dependent variable is exchanged with an inde-
pendent variable and the non-linear auto-regressive distributive lag model is assessed.
The outcome of the paper is that cointegration exists when FDI inflow and FDI in the
services sector are taken as descriptive variables, while unpredictably, the PSS F-Test
does not sustain to Error correction term or model. Concerning the asymmetric
relationship, only equation no 1 shows the existence of SR asymmetries, which is
confirmation of the outcomes stated in Table 9. Thus, the paper infers that in the
relationship of FDI and G_I_INF, traditional auto-regressive distributive lag may not
be acceptable to rely upon and to articulate effective strategies, as it proceeds from
asymmetric circumstances, which may lead to unsuitable policy measures. Hence, it is
suggested to contemplate the non-linearities that may exist while testing linear
modeling between the variables.

8. Conclusion

The current paper determined to examine the linear and nonlinear cointegration
between FDI inflow and total infrastructure, together with various sub-indices of
infrastructure and sectoral FDI inflows of India. To accomplish this objective, the
paper used Granger causality to determine the causal relationship between FDI inflow
and infrastructure, while linear and nonlinear situations are used to find the
cointegration relationship. The observation of the findings confirms the existence of
the linear and nonlinear cointegration between the cumulative as well as sub-indices
of infrastructure and aggregated and disaggregated FDI inflow. Additionally, the
findings of asymmetric testing are motivating, which article mix outcomes in terms of
the existence of SR and LR asymmetries in the appropriate manner as stated in
Tables 9 and 10. So, we infer that in the fitting together of FDI and Global infra-
structure index, traditional ARDL may not be acceptable to depend on and to articu-
late effective policies, as it proceeds from asymmetric circumstances, which may lead
to a weedy policy assertion. Hence, it is suggested to study the non-linearities that
may exist while testing linear modeling. Furthermore, the conclusions elaborate that
to make the economy attract more FDI, the government shall further expand the
system of infrastructure in education, quality of the institution and to promote the
exports. Furthermore, the empirical results advise that improved quality and avail-
ability of infrastructure stocks are the most to attract high FDI inflow in the primary
sector, services sector and manufacturing sector of India’s economy in the long run.
Hence, the emphasis of policies should be to progress both infrastructure facilities and
to make available a conducive atmosphere for global investors to obtain high FDI
because FDI inflows indicate to improve the quality and availability of infrastructure.
This research concludes that, the current study offers a worthwhile understanding to
policymakers and supervisors to consider the sectoral level FDI inflow in India, as an
alternative of planning policies exclusively based upon aggregate FDI. Likewise, the
study brings into the argument an exceptional measure of infrastructure index
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(G_L_I) that incorporates the broader aspects together with telecommunication,
energy, transportation and financial infrastructure. On the other hand, the previous
secondary information deeply depends on only the telecommunication and IT infra-
structure which may not be acceptable to represent the sundry dimensions of the
infrastructure, reported by the Global Infrastructure Index 2020.
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Chapter 4

No Sustainability without Planning
for It: Scope and Dimensions for
Sustainable Rural Planning in
Zimbabwe

Innocent Chirisa, Jeofrey Matai and Tafadzwa Mutambisi

Abstract

This chapter explores and discusses the instrumentality of planning in the pursuit
of rural sustainability using Zimbabwe as a case study. This is against the background
that there is a growing bias towards urban areas in terms of planning for sustainability
even though there are still more people living in rural places than in urban areas
and that urban areas largely depend on rural areas for resources. The chapter argues
that sustainability in rural areas is a function of deliberate planning. It engages the
qualitative research approach, making use of document reviews and key informant
interviews as data collection instruments. It is revealed that sustainability in rural
Zimbabwe can remain a pie in the sky if the current approaches to planning are not
revisited. Sustainability being plural and multidimensional concept, planning for it
requires a multi-stakeholder approach, transcending rural and urban areas, the public
and private sector, civic organisations and the rural communities as well as strong
institutional arrangements that provide for transparent governance.

Keywords: sustainability, planning, economic, social, strategy, rural, Zimbabwe

1. Introduction

Development trends point to the fact that the global population is urbanising [1] and
that more than 50% of the world’s population is now urban [1, 2]. Whilst this is the global
reality, in Africa, more people are leaving in the rural areas [3]. These people are exposed
to several challenges, most of which are a result of the urbanisation process. For example,
they compete for food, land, water and other resources [4]. The rural areas are also the
recipients of waste that is produced by the cities. Climate change, on the other hand, is
making farming which is the major rural economic activity, difficult as yields are con-
tinuously reducing owing to extreme weather patterns. This exposes the rural communi-
ties to high levels of poverty and distress and also to exploit the natural resources in an
unsustainable manner. In light of the aforementioned issues, and the need to meet global
goals of eradicating hunger and poverty, achieve food security, make human settlements
safe, inclusive, resilient and sustainable [5], there is need to rethink approaches to rural
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development; a paradigm shift from the old paradigm guided by modernisation to a new
paradigm that is driven by the quality of life and sustainability [6]. The United Nations
Development Programme (UNDP) [7] recommends that such an approach requires the
integration of the various actors and stakeholders who are involved in the development
of rural places; planning is one tool that can integrate multiple actors and stakeholders
towards the attainment of sustainable rural development [8].

Several studies have been conducted on rural development and planning in
Zimbabwe [9-11]. These studies are critical in the literature of rural planning and
development. However, they are silent on the relationship between sustainable rural
development and planning. For example, PlanAfric [11] is more evaluative on the
rural development approaches in Zimbabwe. Davies [9] analyses the trends in rural
planning pre and post-independence in Zimbabwe whilst Hahlani [10] looks into fac-
tors that hinder integrated rural planning. This chapter emphasises the instrumental-
ity of planning in sustainable rural development and argues that sustainability in rural
planning is a product of deliberate planning. It further argues that without planning,
rural areas will not be able to cope with the prevalent issues of climate change particu-
larly considering that most rural areas in Zimbabwe are agro-based. The chapter has
eight sections. Following this section is the background and overview. This is followed
by a section on the theories that inform the study, literature review and methodol-
ogy. The results are presented in the proceeding section from which a discussion and
recommendations section follows. The last section is the conclusion of the chapter.

2. Background and overview

Rural development has been at the centre of development for most countries
across the globe. However, the assumed model of developing rural places was inspired
or guided by the modernist philosophy whose focus was mainly hinged on, among
other processes, capital investment, the application of science to production and
urbanisation [6]. This approach was also materialistic in its conceptualisation of
development; hence, little consideration was paid to qualitative aspects of develop-
ment such as improved quality of life and access to basic services. The modernist
approach to the development of rural places resulted in the bias towards urban areas
as it was generally assumed that urbanisation of rural places was an indicator of
development, thus, as put forward by Rao [12], more attention was put to industri-
alisation than the agricultural sector, hence the rural suffered. Development was also
top-down in approach [6]. The resultant effect of this approach to development was
increased poverty in rural places [13, 14], unsustainable exploitation of raw materi-
als from the rural areas as inputs for industrialisation in urban areas, environmental
degradation and the consequential effects such as climate change.

After observing that the modernist approach to development was associated with
several problems, there was a paradigm shift to a sustainable centred approach to
development. According to [6], this approach paid more attention to agricultural
development and a participatory approach to development programmes. Following
a series of global goals for sustainable development, for example, the World
Commission on Environment and Development [15], the Millennium Development
Goals and the Sustainable Development Goals, the need to use resources within the
regenerative capacity of the environment was put at the centre of developmental
goals. In addition, the need to combat the effects of climate change and eradicate
poverty and hunger has made it necessary to revisit the approaches to development
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planning, rural areas included. The UNDP [7] has observed and placed planning at the
centre of sustainable development because of its coordinative and integrative capacity.

In Zimbabwe, rural development has been the centre of development policy since
independence. According to Davies [9], it has been politically motivated; the aim
being that of redressing disparities caused by colonial policies. Several policies, for
example, the Growth with Equity and the Growth Point Policy, were put in place
to ensure that rural development was realised. The model to rural development,
however, reflected the modernist approach as key among the policies, was the
development of growth points that were to lead the industrialisation of rural places.
However, the effectiveness of the policies in addressing the problems of disparities
is debatable as little progress has been made [16]. Like most rural places across the
globe, Zimbabwe’s rural places are experiencing a myriad of challenges that range
from social, economic and environmental [11, 17]. Food insecurity, poverty, income
inequalities and the lack of employment opportunities reinforce each other in a
vicious cycle by eroding human capital and decreasing labour productivity, thereby
perpetuating poverty and social inequalities [18].

Despite having multiple interested stakeholders in rural planning, the approaches
that have been adopted to guide and encourage rural development are disintegrated
and are characterised by gaps and overlaps [10, 11], necessitating an approach that
integrates the various activities and programmes of the multiple actors in rural
planning and development [6, 16]. Planning is important in achieving sustainability
as it helps to cover the social, political, environmental and physical issues that affect
the prosperity of rural areas [7, 19]. Against this background, the chapter examines
the instrumentality of planning in enhancing sustainability in rural development and
planning in Zimbabwe and shows that without planning for it, sustainability in rural
development will not be achieved.

3. Theories informing the study

This study is informed by the sustainability theory and the style/models of planning
theory. These models seek to highlight how planning is done and its procedures. This
section also seeks to highlight the multi-dimensions of planning as well as the impor-
tance of planning in different scenarios and in promoting sustainable development.

4. Sustainability theory

The theory of sustainability is derived from the concept of sustainable development
which is premised on the notion of maintaining or improving the state and availability
of resources or materials over the long term [20]. It entails meeting fundamental
human needs while conserving the life support systems of the earth. This implies that
chasing the sustainability goal should aim at maintaining, improving or sustaining
conditions that are beneficial to people, their communities and the environment [21].
Sustainability is preoccupied with the long-term treatment of the biophysical environ-
ment and the resources therein, social systems and people in ways that are consistent
with human wellbeing and the stability of a dynamic system [20]. However, Bossel [22]
outlined that the sustainability of human society is now at stake because the change
of the environment is so fast that there is inadequate time for adaptive response. This
overwhelming rate of change affects the ability of the ecological system to respond,
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consequently making the system to lose viability and sustainability. In this study, the
theory of sustainability plays a critical role in justifying the need to plan for sustain-
ability in rural areas. The reasons, according to the sustainability, include the desire
to improve maintain and improve the social, economic and environmental conditions
of the rural areas within the development process of rural places. The rational is that,
by planning for sustainable rural development, both rural and urban areas become
sustainable because of the rural-urban relations [1, 2, 14].

5. Literature review

This section reviews the literature on the key aspects of rural sustainability,
planning for rural sustainability, the actors in the sustainability of rural places as well
as their role. It also looks at the factors that enhance or hinder planning for sustain-
ability in rural areas. Rural sustainability is defined by Bryant and Granjon [23] as the
development strategies that maintain and produce healthy rural communities. Such
communities will have compatible economic, political, socio-cultural and environ-
mental values that respond to any requirements in these dimensions in the long run.
Rural sustainability is dynamic as information, conceptualisation and values about
the different dimensions of sustainability change with time [23, 24]. As such Bryant
and Granjon [23] recommend that in planning for sustainability there is a need to take
account of the fact that what is appropriate at a given place in time maybe inappropri-
ate in the same place as changes occur. For example, the nature and extent of rural-
urban links have changed [25, 26]. This significantly affects the approaches to rural
sustainability planning. Similarly, what is appropriate in a place at a given time may not
be appropriate in another place at the same time. Rural places that are closer to cities
have a different set of needs compared to rural places that are further away from cities.

Sustainability, whether urban or rural, maintains the same characteristics, goals
and dimensions. Bryant and Granjon [23] highlight those previous conceptions
about sustainability in rural places focused on the ecological imperative, giving less
attention to socio-cultural, economic and political issues. However, with a continued
evolution in the concept of sustainability, and changes in social and economic aspects
in both rural and urban places, sustainability is now fundamentally the same, with
differences only seen in the environments, population density and activities between
the rural and urban places. This entails that certain characteristics of the rural places
influence sustainability planning in rural contexts. Some of these characteristics are
linked to the biophysical environment which is considerably important for rural com-
munities who depend largely on its resources for livelihood activities. Thus, for most
people in the rural places who are mostly small holder peasant farmers, availability of
arable land, fertile soils, sufficient water, good climatic conditions and the presence
of flora and fauna are important. Land availability and favourable climatic conditions
for example, are significant biophysical factors for successful farming [27].

The natural resources that are entrenched in the biophysical environment are an
important source of many livelihoods in rural places. Bryant and Granjon [23] observe
that besides farming-related activities, there are other livelihood activities such as sand
mining and gravel extraction as well as forestry and woodland management. Rural com-
munities are also characterised by small communities that can be concentrated into small
villages, dispersed or both. However, rural places that are close to cities and towns have
certain characteristics that differentiate them from those that are distant from the cities.
Resources in such places are critical for the well-being of the population in cities as well.
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Planning for sustainability should therefore take account of the characteristics
of the rural places and the relationship between the rural places and the urban areas
since these are interlinked systems [8, 23, 25]. However, focusing on rural develop-
ment and sustainability tend to treat the rural places as homogeneous places [28] and
as independent from urban areas [29]. A comprehensive approach is required for the
realisation of sustainability as both a process and a goal, hence, the United Nations,
[30] and Marsden [24] argue that planning is key if sustainability is to be attained.

Scholarly and policy works have identified several factors that affect planning for
sustainability [9, 20, 23, 24, 31]. One of the factors that impact on planning for sustain-
ability and its subsequent realisation is state policy [31]. His argument is informed by
Lipton’s [14] urban bias theory which, among other issues, argue that states act to protect
the interests of cities and to discriminate against the interests of the rural places. In this
instance, financial, human and productive resources are deliberately moved out of the
rural places to benefit urban dwellers. Douglass [32] argues that, on top of providing food
and natural resources to cities, rural places have pronounced poverty and hunger with
relatively low income; they continue to experience out-migration and environmental
degradation. State policies in this instance are discriminatory and lead to the extraction of
resources from the rural places. This incentivise urban areas resulting in a reduced supply
of labour in rural places. This in turn, endangers the sustainability of rural places [31, 32].

The continued separation of rural and urban places in terms of policy and plan-
ning is another factor that affects rural sustainability planning [33]. This continued
separation of focus between the rural and urban places in the face of changing rural
and urban relations [26] has a negative influence in the planning and realisation
of sustainability [23]. To address the problems associated with the separation, [33]
recommends that plans that transcend rural and urban places whilst protecting the
natural and urban activities are required.

Planning for sustainability involves multiple actors which range from the public insti-
tutions, private organisations, civic organisations, non-governmental organisations and
the local people who participate in the planning processes and activities. The public sector
usually provides a framework for sustainable development through the various arms and
tiers of the government. The private sector is usually involved in the implementation of
sustainability programmes through investments while the civic organisations and non-
governmental organisations play a variety of activities that ranges from advocacy to sup-
porting and mobilising the local people. With such a range of actors, [33] recommends
that there is a need for strong institutional frameworks that coordinates the plans and
activities of the various actors that are involved in the planning of sustainability. Failure
to coordinate the plans and activities of the various actors and the rural and urban places
results in chaotic and complex spaces that make sustainability difficult to plan for and
achieve [34]. Thus, without planning for it, sustainability will remain a pipe line dream.

Several approaches have been put in place to address sustainability challenges
across the globe. At the global level, ratifications have been put in place and
international goals set to ensure that sustainability. The Brundtland Commission
of 1987 marks the dedicated commitment towards sustainable development. The
Millennium Development Goals and the current Sustainable Development Goals
are some of the international efforts towards sustainability. These frameworks
have been adopted by different countries in a localised manner to plan for sustain-
ability. The adopted approaches and strategies are not uniform across the globe
[35]. The approaches are linked to the main challenges to sustainable development
that places face, hence, priority also differs among and between nations. The
approaches include strategies earmarked to deal with poverty, environmental
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deterioration, marginalisation, water and sanitation, safe, resilient and sustainable
human settlements as well as climate change issues among others [5, 28, 30, 35]. To
address the challenges, some countries have developed sector-specific programmes
and projects. States have developed policies that aim to trigger planning towards
sustainability in different contexts, for example, climate change policies, hous-
ing policies and economic blueprints. However, scholarly work shows that most
of these approaches are planned and implemented in silos, making planning for
sustainability insufficient [11, 29, 34].

In summary, scholarly work shows that the sustainability of rural places is key
to the attainment of sustainability in both rural and urban areas. There is also clear
evidence from scholarly work that the approaches to sustainability planning gener-
ally lack comprehensiveness, making the efforts disintegrated and less effective. The
question that remains to be answered is, what should planning-for-sustainability,
particularly in the rural context, take?.

6. Research methodology

Research methodology is the specific procedures or techniques used to identify,
select, process and analyse information about a topic [36]. The research methodol-
ogy allows for a critical evaluation of a study’s overall validity and reliability. The
study made use of the case study approach, which is an approach that is used to
generate an in-depth, multifaceted understanding of a complex issue in its real-life
context [37, 38]. Planning for sustainability is being discussed and analysed look-
ing specifically at rural areas in Zimbabwe. Binga, Mbire and Runde rural districts.
The study also made use of document reviews. Document review is a systematic
collection, documentation, analysis and interpretation of data as a data collec-
tion method in research. Documents review include, e-books, journal articles,
policy papers as well as relevant planning statutes. Key informant interviews were
conducted in the study to get a clear assessment of sustainable rural development
and planning in Zimbabwe. Key respondents included key stakeholders in Non-
Governmental Organisation (NGOs) and rural district councils.

7. Results

According to the population census of 2012, the rurality of the population is mea-
sured based on three criteria. It classifies any settlement with more than 50% of the
population engaged in agriculture and less than 2500 inhabitants as rural. Rural areas in
Zimbabwe generally have poor economic and social conditions. Food insecurity, pov-
erty, income inequalities and the lack of employment opportunities reinforce each other
in a vicious cycle by eroding human capital and decreasing labour productivity, thereby
perpetuating poverty and social inequalities across generations in rural Zimbabwe [18].

Rural planning may usefully be seen as comprising three crucial elements. The
first concerns the content of rural planning that is the strategies and policies that
underlie what rural planning seeks to achieve. The second may be termed the institu-
tional framework within which rural planning operates, especially the agencies and
actors involved and how they interact. The third aspect can be called the approach to
rural planning and is often seen in terms of the polarities of a top-down, blueprint
approach or a bottom-up process approach [39].
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8. Composition of the rural population and livelihoods in Zimbabwe

According to the 2016 ZimVac Rural Livelihoods Assessment (RLA) the 2015/16
and 2016/17 are projected to be the two poorest consumption years since 2009. During
the first quarter for the 2016/17 consumption year, 987,000 people could not meet their
annual food requirements which was an increase from last year when 151,000 people were
estimated to be food insecure during the same period. A large share of the rural poor still
depends on low-productivity subsistence farming for their livelihoods. The poorest rural
households lack access to productive assets and often rely on income from wage employ-
ment. Of the 300-500 million wage workers in agriculture [18]. Concern among state
legislators about rural development and rural land use is not new. In many states, agricul-
ture remains an important feature of the economic, cultural, and political landscape [29].

Adopted from: NFP Co-ordination Unit [4].

From Box 1, it can be noted that development is rural areas is mostly centred on
land use, environmental and physical planning. It has been stated previously that

Physical planning in rural areas
* Activity was largely undertaken by the Department of Physical Planning (DPP) within the MLGNH.
* DPP acts for local authorities but hopes to devolve more planning functions to them.

* DPP provides technical support to provinces and RDCs which are the lead planning agencies for
development planning at the district level.

Environmental planning in rural areas

* Undertaken by the Department of Natural Resources (DNR) in the Ministry of Mines, Energy and
Tourism (MMET) in partnership with RDCs. District environmental action plans (DEAPs) are
funded by UNDP.

* The relationship of DEAPs to other planning systems is not clear.
Land-use planning in rural areas

* The lead agency for land-use planning is the Department of Agriculture and Extension (AGRITEX)
situated within the Ministry of Lands and Agriculture. AGRITEX works closely with the RDC and
traditional leaders.

* The water catchment process is led by the Department of Water Development in the Ministry of
Rural Resources and Water Development (MRRWD). This will pass to the Zimbabwe National Water
Authority (ZINWA) when it is established. The programme has strong donor inputs from GTZ,
Dutch aid and DFID.

* National park plans are led by the Department of National Parks and Wildlife Management
(DNPWLM) and it has established a stakeholder consultation group including RDCs, representatives
from CAMPFIRE (Communal Areas Management Programme for Indigenous Resources) and others.

* A planning unit has been established within DNPWLM supported by World Bank, JICA and UNDP.

* Forest action plans are led by the Forestry Commission and other stakeholders (especially rural
district councils, RDCs) and supported by GTZ and DFID.

Box 1.
Actors in rural planning.
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rural livelihoods mostly come from agricultural produce in Zimbabwe. Therefore,
proper land use planning is the corner stone of sustainable social and economic
development in rural areas. Physical factors mostly threaten the sustainability of rural
livelihoods and way of life. Therefore, many factors threaten rural well-being such

as urbanisation or urban growth. Urbanisation has been the major cause of rural to
urban migration which has led to the loss of human resources for rural areas. More

so, the relative decline of farm prices, for example, has eroded farm profitability and
led to bankruptcy. Soil erosion degrades soil productivity and escalates the need for
chemical additives. Nutrient and pesticide runoff degrades waterways and ground-
water aquifers. Declining rural populations have closed rural schools, hospitals, and
other public facilities. In short, eroding farm profitability, soil erosion, environmental
degradation, and loss of public services represent far greater threats to rural health
than urban growth [29]. High inequality in the rural sector, in particular in the
distribution of assets such as land, water, capital, education and health is an obstacle
that needs to be addressed to enhance food security. The underlying issue of discrimi-
nation in the rural sector, including against women and children is also another social
aspect in need of planning to make rural areas sustainable communities.

Achieving sustainability in rural areas means entailing the integration of four
pillars: social development, economic development, environmental management,
and urban governance [40]. Therefore, planning is never a unilateral venture by one
actor but involves many stakeholders, leaving no stone unturned on matters that
matter (Figure1).

Rural development aims to improve livelihoods by implementing comprehen-
sive development for rural areas where a majority of people in poverty live. Pillars
of sustainability are an accurate presentation of comprehensiveness in planning.
Comprehensive plans have become common for many regions because development is
complex, development decisions are interrelated, and the development process could
be improved through careful analysis, foresight, and planning. These conditions
now hold in rural areas, too. Successful rural development requires that agricultural
infrastructure and property markets facilitate farming at its most efficient scale; that
safeguards are in place to protect the integrity of environmental systems; and that
critical education, health care, and other social services remain fiscally viable. Equally
important is system interdependence. Large scale farms, for example, pose greater

SOCIAL ENVIRONMNETAL
DEVELOPEMNT MANAGEMENT

URBAN
GOVERNANCE

Figure 1.
Pillars of sustainable rural planning. Adapted from: The Department of Economic and Social Affairs [40].
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threats to environmental systems, require more non-resident, high skilled labour, and
place greater demands on social service and health care systems [29].

9. Planning approaches in rural areas

Planning and sustainability are for the people’; therefore, many development
programmes in rural areas have been seen to be participatory. That is planning
by the government as well as NGOs have implemented projects using the bottom
up approach. This approach as implemented after the realisation that the top don
approach in rare cases met the demands of the rural people [41]. Therefore, many
project plans in rural districts use the public participatory approach. When policies
are evidence-based there is a greater chance of success [42].

10. The REDD+ project in Mbire district

Planning is multi-dimensional and lateral. Therefore, Planning policies even
though they are specific they should also consider the dimensions of society. This
is so as the REDD+ plus project is an environmental project plan that was meant to
help the people in Mbire District to conserve the environment, build their economic
fabric through carbon sequestration as well as to give them a path to growing their
knowledge in plant and biodiversity preservation. The REDD+ project is a bottom-up
approach that allows local people to use their Indigenous Knowledge formulate ways
to minimise deforestation and enable carbon sequestration to minimise the rate at
which emissions affect the ozone layer.

The REDD+ Conservation Project I aimed at providing sustainable livelihood
opportunities for poor communities. This is aimed and reducing forest deforestation,
land degradation, poverty and drought. This strategic plan involves the education
of techniques that increase their productivity substantially and reduce the need to
cut down more trees. This initiative involved a multiple stakeholder approach asit is
community based. It used the participatory approach as it worked there was com-
munity participation from the local people, the rural district council, the government
as well as the carbon asset management. The multi stakeholder approach in planning
is critical in promoting sustainability as it allows many stakeholders to have a multi-
faceted view of social, economic and physical issues of a specific problem or solution.
Carbon credit s are an economic solution to an environmental problem and they boost
the social life of the community. Carbon credits from the REDD + program also help to
physically develop the Mbire District. Therefore, planning is everything in sustainable
rural development.

11. WASH programmes in Runde district and Chivi district

Water is essential for life. Without water, humans can survive only for days.
Water comprises 75% body weight in infants to 55% in elderly and is essential for
cellular homeostasis and life (World Health Organisation 2013) Water represents
a critical nutrient whose absence can be lethal to humans in days [43]. Water is
important in framing sustainability in rural areas as it also has a direct impact on
women and children as they are responsible for etching water in rural areas as well
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the health of the community. The importance of incorporating a gender-based
perspective in WASH programmes is vital based on the fact that women and girls
are the primary users of water in their households and are guardians of household
hygiene. The government and NGOs such as the World Division have been imple-
menting various wash projects. This has been seen through the construction of
boreholes and wells. Areas such as Chivi experience dry spells more than other rural
districts. Therefore, supplying water assists in eradicating the issues of dehydration
and promotes good health and sanitation. Irrigation schemes have also been intro-
duced in these districts. Most of the water comes from the Runde River. This River
has helped supply rural districts with water that has helped them increase their
agricultural produce. They have booted economic independence of various villages
in these districts as it gives them food and a source of income.

An improvement in rural livelihoods has a direct impact on the increase of the
Gross Domestic Product Of the country. These sentiments are in line with those of
[43] when he states that The establishment of new water point sources has improved
the livelihoods of the Runde as they can now access a basic right to clean water. In
addition, the availability of water for productive purposes has increased the incomes
of households that rely on agricultural production as a form of livelihood. It can be
seen that development programmes are important in promoting sustainability in
rural areas. WASH programmes in Zimbabwe are important as most rural areas are
facing frequent drought spells due to the ever-changing climate change. This is also
evidence that the linkages and causal relationships between the pillars of sustainabil-
ity show that planning is important in achieving sustainability it allows the planning
for all dimensions of rural livelihoods. Taking the case of rural communities’ access
to water resolves gender inequality issues, economic livelihood, and health as well as
sanitation problems.

12. Discussion and recommendations

The rural economy holds significant potential for creating decent and produc-
tive jobs and contributing to sustainable development and economic growth. This
is why the government adopted the 2030 Agenda for Sustainable Development
embraces the three dimensions of sustainability economic, social and environ-
mental [18]. However, much remains to be done to adequately adjust the British-
modelled urban and rural planning system to suit local conditions. Rural planning
should be iterative with a balance of top-down and bottom-up approaches with
clear national policy guidelines coming down and local needs and priorities
filtering up [44]. A broad-based rural development strategy has to include infra-
structural investments to better connect producers to output markets, including
in rural-urban linkages and the improvement of distribution systems and storage
facilities. Social protection mechanisms, including social safety nets, must also
be part of a broader rural development strategy to facilitate access of low-income
households to food [40]. They are also required to better connect producers and
smallholders to output markets, including rural-urban linkages. A broader rural
development strategy should also include social protection mechanisms, including
safety nets, to facilitate access of lower-income groups to food, in particular during
economic shocks. Agricultural extension services need to be further supported,
with a particular focus on growing crops appropriate to the land, and on sustainable
environmental management [45].
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13. Conclusion

In conclusion, the key aspect in the evaluation of multiple planning scenarios
and for the definition of sustainable transition pathways is key in rural development.
Sustainable development must inevitably be based on long-term planning and must
consider relations among other actors. Rural development is critical for an integrated
approach to sustainability and for reducing poverty. Ensuring wider and inclusive

access to public services can reduce rural/urban inequalities, disaster risk and food
insecurity, as well as strengthen networks between cities and villages.
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Chapter 5

A Framework for Facilitating
Holistic Interventions for Building
Community Resilience to Climate
Change for Sustainable Community
Development

Precious Tirivanhu

Abstract

The realities of climate change in Africa have led to a growing need for innovative
approaches to livelihoods programming that promote resilience among rural communi-
ties for sustainable community development. Although several community resilience
frameworks are emerging there is a need for practice modalities. This paper proposes
a programming framework grounded in soft systems thinking that brings an under-
standing of the multi-dimensional and integrated nature of resilience programming.
The author utilizes experiential knowledge from over a decade of rural development
facilitation in Zimbabwe coupled with secondary reviews to address two key research
questions: What are the critical components of a systemic programming framework for
community resilience? And, how is such a framework facilitated in practice? The paper
concludes by giving critical components of the systemic programming framework and
recommends that the framework should be tested empirically for its components to be
integrated into resilience programming in Zimbabwe.

Keywords: systemic programming framework, soft systems methodology, resilience,
climate change, sustainable community development, Zimbabwe

1. Introduction

Zimbabwe, like most southern African countries, currently faces erratic weather
patterns amidst a rural population that is highly dependent on rain-fed agriculture
for livelihood. The impacts of climate change have become a reality and this scenario
calls for urgency in improving rural livelihoods and sustainable community develop-
ment. There is growing recognition amongst development practitioners, academics,
policymakers, non-governmental organisations (NGOs), and funding agencies for
innovative approaches to the design and implementation of livelihoods programs
that promote resilience among rural communities. Several proposed frameworks are
emerging mostly based on improving the adaptive, absorptive, and transformational
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capacities of vulnerable communities. A key question remains on how such frame-
works can be developed into practical programming models for rural development
practitioners. Research on the impacts of climate change on agriculture and food
systems is not new. In fact, a review of the literature shows that such studies in
Zimbabwe and most parts of southern Africa can be traced to the 1980s.
Considerable research has been conducted on the impacts and potential impacts
of climate change on Zimbabwean rural households, see, for example, Masiyiwa
etal. [1]; Brown et al. [2]; Gwimbi [3]; Mutekwa [4]; Nhemachena and Hassan
[5]; Kinuthia [6]; Buckland [7]; Matarira et al. [8]; Downing [9]. Some of the key
documented climate change impacts include food insecurity; malnutrition; increases
in incidence of drought, extreme temperature fluctuations, unpredictable seasons,
reduced run-off necessary to sustain the country’s hydro-electric power supply,
damage and destruction of infrastructure. There has been an increase in both mini-
mum and maximum temperatures in Zimbabwe. In addition, it is documented that
the most adverse impacts of climate change are in the developing world because of
geographic exposure, reliance on climate-sensitive sectors, low incomes, and weak
adaptive capacity. According to Heltberg et al. [10], most vulnerable households are
those with assets and livelihoods exposed and sensitive to climatic risks and who are
most dependent or rain-fed agriculture. This paper makes a deliberate departure from
the discourse on climate change impacts (which has been given much attention) and
focuses on how programs or projects on building community resilience against the
impacts of climate change can be facilitated in practice since there is a dearth of such
studies.

2. Climate change interventions amidst evolving rural development
approaches

Approaches to rural development programming are always in transition. Such
dynamism can be attributed to several factors including the continuous shift in devel-
opment paradigms or thinking; the need for donor effectiveness; continuous learning
and knowledge generation from rural development practice; and continuous shifts in
global and local socio-economic, socio-cultural, and political factors affecting rural
livelihoods. A synopsis of the rural development programming trajectory identifies
several phases and shifts in development paradigms from the 1950s to the present that
influenced praxis. These include development as economic growth and moderniza-
tion in the 1950s; state intervention in the 1960s; market liberalisation in the 1980s;
poverty reduction, participation, and empowerment in the 1990s; environment,
climate change concerns, sustainable livelihoods, and millennium development goals
(MDGs) in the early 2000 and more recently sustainable development goals (SDGs)
and the focus on resilience [11-13]. These development paradigms shape worldviews,
beliefs, and perceptions on appropriate programming approaches.

Although a detailed account on the evolution and progression of programming
approaches is beyond the scope of this paper, a few approaches are highlighted here to
give a context. A review of literature highlights varying nomenclature in classifying
rural development programming approaches. Westoby and Dowling [14] identify
several of these approaches. These include community driven development (CDD);

! The approaches outlined here are not necessarily the most effective but are perceived as commonly
applied in the African community development context.
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rights-based community development (RBCD); asset-based community development
(ABCD); sustainable livelihoods approach (SLA), people-centred capacity build-

ing approach (PCCBA); comprehensive community initiatives, and most recently,
community resilience approaches which are the focus of this paper and are detailed in
proceeding sections. CDD is associated with investments by the World Bank although
its origins are linked to post-colonial years in India and Bangladesh during the 1940s
and 1960s ([15], p. 27). Such a scenario has been linked to huge investments by the
World Bank® into CCD projects in the last decade. It is an approach that empowers the
community by giving control of decision-making and resources. Communities are
given the power to plan, execute and monitor projects. It places emphasis on improv-
ing governance capacity of the community and local development institutions.

Rights-based community development sets the achievement of human rights as
a development objective and utilizes international human accountability to support
development [17]. Its tenets are linked to the 1948 Universal Declaration of Human
Rights and the 1986 United Nations Declaration of the Rights to Development
(UNDRD). According to Cornwall and Nyamu-Musembi [18], the rights-based
approach calls for existing resources to be shared more equally and for assisting the
marginalised people to assert their rights to those resources. Its origins are highly
contested with some scholars arguing linkages with gender and human rights strug-
gles [19]. Other scholars link it with rights of the disabled [20] and civil, political,
economic, social, environmental, and cultural rights [21].

ABCD is based on the assertion that communities can organise and drive their
own development through the identification and mobilisation of existing resources
at their disposal [22]. The SLA links socio-economic and environmental development
concerns within communities and focuses on people’ strengths. It looks at five types
of household assets; natural, social, financial, physical, and human capital and how
they sustain livelihoods. The approach is premised on livelihoods, which are regarded
as means of gaining a living through capabilities or livelihood strategies (e.g., agricul-
tural intensification, livelihood diversification) and assets (both tangible and intan-
gible). Livelihoods are taken as sustainable through the ability to recover from stress,
and shocks to maintain and enhance capabilities and assets without undermining
the natural resource base [23]. The approach emphasizes the importance of contexts,
institutions, and supportive policies in enhancing livelihoods.

Related to SLA is community capitals framework (CCF) which is a systems
approach to analysis of communities for holistic interventions. It emphasises seven
different forms of capital; natural, human, social, financial, built, cultural and
political, types of assets found in each capital, and how capitals are converted and
coordinated. It provides tools for identifying capabilities for change of vulnerability
situations. The CCF is related to the SL framework, with five capitals (human, social,
financial, natural, and physical) being part of the assets in SLA framework. CCF adds
cultural and political capital; the former brings dimensions of values, norms, and
world views while the latter caters to influencing power dynamics, laws, policies, and
strategies that affect livelihoods. Another approach within the African development
discourse is the comprehensive rural development program (CRDP) or integrated
rural development program or approach which cuts across all sectors and comprehen-
sive approach whose components include agrarian reform, rural development, and
land reform [24].

% Over the period 2000-2010, the World Bank has invested an average of USD 2 Billion a year for its CDD
portfolio. In 2003, CDD represented $7 Billion of the World Bank commitments [16].
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In the last two decades, there has been a proliferation of comprehensive com-
munity initiatives (CCIs). These are multi-sectoral, multi-stakeholder approaches
to rural development [25]. They aim at a system-wide approach to community
empowerment. They provide communities with leadership skills, youth, and women
empowerment, aim at improving health systems and entrepreneurial skills, and
enhance the utilisation of information communication technologies within com-
munities. Comprehensive community initiatives (CCIs) present a shift from project-
specific interventions toward a multi-faceted approach that aims at community-wide
socio-economic transformation. They cover multiple development sectors (health,
social services, leadership development, information communication technologies,
youth development, institutional strengthening, women empowerment, and entre-
preneurial development). CCls engage multiple stakeholders including government
departments, community-based organisations, private sector companies, research,
and academic institutions. They are the shift from developmental approaches that
view communities as recipients of aid and empower communities through decision-
making and financial control. Communities are viewed as partners in developing
community-led local development solutions. The following section explores the
concept of community resilience which is at the core of this paper and is currently a
core theme in rural development programming in the context of climate change.

3. Building community resilience

Resilience focuses on how a community or individual can deal with disturbance,
surprise, and change. It entails framing a sustainable future in an environment of grow-
ing risk and uncertainty. The concept was originally coined from ecology but currently
borrows from various disciplines including ecosystems stability, complex adaptive
systems, engineering infrastructure, psychology, behavioral sciences, and disaster risk
management [26, 27]. The concept of resilience does not have a common definition and
its building blocks are highly contested. However, it is generally formulated around the
continued ability of a person, group, or system to adapt to shocks and stress and con-
tinue to function, or quickly recover its ability to function, during and after stress [28].

In the rural development context, it focuses on how communities can recover after
a hazard, to their reference state of livelihood status or improve for the batter. It is
the ability to withstand (absorb) shocks and stresses, as well as the ability to adapt to
dynamic conditions and put in place mechanisms that enable longer-term, systemic
responses to the underlying causes of vulnerability [29]. The need for building
community resilience to the impacts of climate change has become central to rural
development programming [26, 30-32]. Effort has been put into developing theories
of change that build/strengthen household and community resilience. This requires
helping people cope with current change, adapt their livelihoods, and improve
governance systems and ecosystem health so they are better able to avoid problems
in the future. It requires an integrated approach and a long-term commitment to
improving three critical capacities (absorptive, adaptive, and transformative), which
are interconnected, mutually reinforcing, and exist at multiple levels, i.e., individual,
household, community, national, and ecosystem levels [26, 32]. Absorptive capacity
leads to persistence, adaptive capacity leads to incremental adjustments/changes and
adaptation, while transformative capacity leads to transformational responses [26].

According to Frankenberger [29], most NGO work on resilience programming
has focused on five fundamental variables in developing theories of change. These
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variables a focus on shock dynamics, a multidimensional capacity, resilience func-
tions, outcome-indexed capacities, and a multilevel and systems-based approach.
Shock dynamics focus on understanding the type of shock(s) and the effects of the
shock(s). A multidimensional approach draws on human, social, economic, physi-
cal, ecological, and programmatic (for example, safety nets) resources, the optimal
configuration of which varies by type of shock, level of aggregation, context, and
community. Resilience functions prepare for and respond to a particular type of
disturbance or configuration of disturbances. They may require different types

of absorptive, adaptive, and transformative capacities. Outcome indexed capaci-
ties stipulate that resilience should be indexed to a given well-being outcome. The
specific capacities drawn upon may vary depending on the outcome of interest (for
example, health, food security, poverty. Multilevel, systems-based approach argues
that resilience is observed at a given level (such as household or community) but

is understood as a multilevel construct. Interventions should be sensitive to nested
dependencies between levels (for instance, households and communities, communi-
ties, and regions).

Absorptive capacity is the ability to minimize exposure to shocks and stresses
through preventative measures and appropriate coping strategies to recover quickly
and avoid permanent, negative impacts [26]. It is built through various incremental
changes and adaptations that people undergo to continue functioning in response
to a shock or growing stress, without making major qualitative changes to the way
they operate. These adjustments can take many forms. In the context of rural house-
holds affected by food insecurity, examples include the adoption of new farming
techniques, the diversification or adjustment of household’s livelihood activities,
and the decision of taking out loans or connecting to new social networks. Disaster
risk reduction/management (DRR/DRM) supports improved absorptive capacity by
helping households and communities reduce risk and absorb the impacts of shocks
without permanent, negative impacts on their livelihoods [32].

Adaptive capacity is the ability to make proactive and informed choices about
alternative livelihood strategies based on an understanding of changing conditions.
It is the capacity to learn, combine experience and knowledge, adjust responses to
changing external drivers and internal processes, and continues operating ([33], p.
13). According to Brooks [34]; Smit and Wandel [35] adaptation refers to adjustments
in a systems’ (household, community, group, sector, region, country) behavior,
characteristics, actions, or outcomes that enhance its ability to cope with, manage or
adjust to some changing condition, stress, hazard, risk or opportunity in order for the
system to improve livelihoods. The rural development discourse derives knowledge
of adaptation mostly from studying vulnerability to natural hazards and impacts
on food insecurity [36]. Adaptation strategies realise that communities can take
concrete steps to minimise net losses from climate change including taking advantage
of opportunities for gains. Improved adaptive capacity results from adjustments that
include livelihoods diversification, asset accumulation, and improved social and
human capital.

Transformative capacity refers to system-level changes that enable more lasting resil-
ience at the household and community levels. In recent years, resilience programming
has shifted the balance of effort and resources from short-term humanitarian assistance
efforts toward a combination of disaster risk management, climate change adaptation,
livelihood diversification, social protection programs, and longer-term institutional
development and systemic change [32]. Transformative capacity enables more lasting
resilience at the household and community levels through altering permanently and
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drastically the system’s functioning or its structure to ensure the immediate “survival” of
the household/system. It encompasses the governance mechanisms, policies/regulations,
infrastructure, community networks, and formal and informal social protection mecha-
nisms that constitute the enabling environment necessary for systemic change [32].

4. The need for a systemic programming framework for community
resilience

The need for a systemic or holistic programming framework for community resil-
ience and improved livelihoods advocated in this paper is justified by three assertions.
Firstly, there is a growing paradigm focused on improving community resilience
against the shocks and stresses of climate change. Secondly, non-governmental organ-
isation (NGO) work in Zimbabwe has been highly fragmented, and uncoordinated.
Finally, there is a dearth of literature that chronicles good practices in rural develop-
ment facilitation.

NGO activities in Zimbabwe have been highly fragmented in practice. Social
experiments by these organisations have in most instances focused on isolated
projects which tend to ignore the holistic nature of community life and make abstract
assumptions from reality. In essence, such individual projects should be a part of a
bigger puzzle and avoid duplication. Within the context of resilience being addressed
in this paper, the components of building resilient communities should not be
piecemeal but rather be integrated and have emergent properties. In recent years, it
has become increasingly clear that, through encouraging systems-based thinking the
concept of resilience has the potential to radically transform the compartmentalised
and somewhat fragmented ways of developing vulnerable rural communities [31]. By
recognising the complex interplay of the conditions of vulnerability, resilience could
provide a means for more holistic understandings of such complexity by shifting
attention away from individual project approaches toward addressing the complex
milieu of community conditions.

This paper focuses on how resilience programming can be facilitated in practice.
Although several NGOs have implemented various programming approaches, there is
a dearth of literature on how such processes are conducted. Such a scenario is under-
standable as programming approaches determine the competitiveness and compara-
tive advantage among NGOs. Thus, it becomes irrational to expose the ‘secrets’ of
their programming successes. However, in recent years, potential approaches to build-
ing community resilience against the impacts of climate change have been concep-
tualised and documented but need to be tested empirically [29, 32]. It is against this
scenario that this paper is premised. The key research questions addressed are: What
are the critical components of a systemic programming framework for livelihoods and
resilience? And how is such a framework facilitated in practice?

5. Conceptual framework

The concepts of soft systems methodology provide conceptual building blocks
for the development of a systemic or holistic programming approach for building
community resilience. Laslo and Krippner [37] define a system as, “a complex of
interacting components together with the relationships among them that permit the
identification of a boundary-maintaining entity or process”. The underlying principle
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of systems theory is that the effects or outputs of a system are dependent on the inter-
actions among various components. Studying the components in isolation will not
provide an accurate picture of the system [38-40]. Unlike the reductionist research
approaches that rely on drawing samples, systems theory does not separate individual
components under study but focuses on how these components interact with each
other in their entirety [40]. Central to systems theory is the concept of wholeness that
aims at bringing together fragmented research findings in a comprehensive view of
man, nature, and society. Systems thinking is championed on the premise that there
are emergent properties of systems that do not exist when systems are decoupled into
smaller parts [41, 42].

There is a diverse array of system thinking methodologies including system dynam-
ics, critical systems thinking, viable systems, and critical systems heuristics, among
others [43]. This paper adopts soft systems methodology (SSM) as a conceptual
framework. The core of SSM is the construction of models of the system(s) being
studied. These models are used to discuss how to bring about organizational/commu-
nity change. They allow the community to engage in debate and the practitioner/facili-
tator to elicit multiple perspectives. The learning that takes place leads to purposeful®
action systems. The models constructed through SSM are regarded as learning systems,
instead of incontestable representations of reality. Within the context of this paper,
therefore, the term ‘system’ refers to the process of inquiry, i.e., the analysis of a situ-
ation, rather than to an “objective” view of the world that the observer assumes to be
capable of managing. SSM is premised on structuring coherent debates and allowing
those involved in the problem situation, and those likely to be affected by any solutions
to define the problem to be addressed [44]. It allows those with differing perspectives
to understand each other sufficiently, so that they may act in the world in a way that all
parties can live with ([43], p. 143). This paper adopts the classical SSM* implemented
following a seven-step process as illustrated in Figure 1.

The first stage explores the situation within a framework of the real world. It
focuses on the mapping of cultural history, stakeholder analysis, community perspec-
tives and assumptions, historical trends, among other factors. The purpose is not to
define the problem but to solicit holistic unstructured parameters of the problem situ-
ation through dialogue and debates with all the affected and those capable of bringing
relevant choices. Stage 2 expresses the problem situation through development of a
rich picture from the unstructured problem in stage 1.

Stage 3 provides root definitions of relevant systems in the problem situation. This
is a departure from the real world and provides perceived choices. A root definition
is a statement defining what is relevant to the system and who is either affected or
affects it. Defining root definitions is guided by a CATWOE analysis (Customers,
Actors, Transformation process, Weltanschauung, Owner, and Environmental
Constraints). Customers are the victims/beneficiaries of the purposeful activities.
Actors are responsible for the activities while the transformation process is expressed
as inputs, transformation, and outputs. Weltanschauung are the worldviews for a
meaningful system and owners are community members who can stop the system
from functioning. Environmental constraints are taken as 'given' and difficult to
influence, affect, and change (Figure 2).

3 A system is purposeful if it allows debate and reflection.
* SSM has gone through reviews over the last three decades based empirical studies from different discipline.
See for example Checkland and Scholes [45].
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Stage 4 is the construction of conceptual models that present holistic stakeholder
perspectives about the desired system and associated human activities. It prepares for
the dialogical process that will take place during the implementation of SSM-based
interventions. For each root definition, the analyst makes a conceptual model. The
conceptual model is the structured set of activities that logic requires in a system,
defined in the root definition. Stage 5 compares the conceptual model with the real-
world problem situation. It provides a dialogic process and debate on the perceived
situation and an opportunity for stakeholders to critique their assumptions. Stage 6
determines the desirable and feasible systemic changes. Checkland [44] identifies
three types of changes: structural, procedural, and attitudes. Within the rural devel-
opment discourse, structural might refer to community groupings, communication,
social capital, and functional responsibilities. Procedural will include community and
other stakeholder modes of operation, while attitudes include changing mental mod-
els, and practices. Stage 7 is the implementation stage and outlines the implementation
strategy, resources, and skills requirements. According to Mingers [46], in practice,
these steps are not taken sequentially and some may be omitted and combined.

6. Methodology

This paper utilised (a) experiential knowledge and expert experience from action
research by the author based on more than a decade of engagement in rural develop-
ment facilitation in Zimbabwe and (b) document reviews. The experiential knowl-
edge was acquired through an action research process where the author engaged in
action research between 2002 and 2014, under the WK Kellogg foundation programs
as a development facilitator in Manicaland Province of Zimbabwe. Experiential
knowledge is based on a participative inquiry paradigm and grounded in the belief
that experiential encounter with the presence of the world is the ground of our being
and knowing [48]. It assumes the creative shaping of a world through the transaction
of imaging it, perceptually and in other ways. Experiential knowing thus articulates
reality through inner resonance with what there is, and through perceptually enacting
its forms of appearing. It further asserts that to experience, anything is to participate
in it and to participate in both to mold and to encounter, hence experiential reality is
always subjective/objective. Document review included reviewing the literature on
systems thinking and rural development facilitation.

7. Results and discussions: developing a systemic programming
framework for community resilience

This paper adopts theoretical constructs from soft systems methodology to
develop a community resilience programming framework. The proposed framework
is illustrated in Figure 3. It incorporates principles from SSM and pillars from action
research based on experiential knowledge by the author. The framework adopts a
project cycle-based typology with two interrelated cycles (Figure 3). The outer cycle
highlights the key components based on SSM while the inner cycle proposes key
pillars for effectiveness of the programming framework. It should be highlighted that
these cycles should be integrated and implemented simultaneously. The proposed
components of the framework are detailed in the proceeding sections.
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Figure 3.
The proposed systemic programming framework.

7.1 Systemic diagnosis

This phase focuses on a holistic diagnosis of key resilience issues within the com-
munity. It is holistic in the sense of ‘sweeping in’ representatives of all stakeholders
and community groupings as well as understanding interactions and synergies among
various actors. Unlike most fragmented projects that select specified beneficiaries,
system boundaries are stretched to incorporate different worldviews. A number of
variables are mapped in the process including cultural history, stakeholders and
their roles, community perspectives on resilience, historical trends of major shocks
and coping strategies, and the role of social capital, among others. The process aims
at capturing a wide range of perspectives and choices. It brings the real world and
unstructured community perceptions on adaptive, absorptive, and transformative
capacities. Experiences from action research highlight a few critical factors that might
negatively affect such a holistic mapping process.

Firstly, most communities in Zimbabwe are polarised due to political defenses and
past interactions with non-governmental organisations (NGOs) and other funding
partners. Experiences by the author in Chimanimani District for example identi-
fied biases in beneficiary selection on the basis of political affiliation. On the other
hand, participation in the different programs creates ‘camps’ between those selected
and those left out. Such divisions often affect knowledge sharing and participation
in local development activities. Other factors include local leadership wrangles and
power dynamics as well as perceptions that participation in NGO activities need to
be rewarded. Some cultural beliefs may affect participation by women. Dwindling
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confidence in NGO work in some sections of rural communities due to previously
unsustainable projects may affect commitment by some community members.

The diagnosis process is conducted using rich text pictures (RTPs). An example
of a TRP is given in Figure 4. The essence is to provide different perceptions, world-
views, and proposed actions on resilience within the community. Such diagrams
could ideally be done at the village level and later consolidated at the Ward level
through dialogue and participatory techniques for a more holistic view. The present is
an unstructured description of issues on shocks and resilience within the community.

7.2 Developing root definitions

Root definitions are statements that present an ideal system with regards to
relevant stakeholders, community actors, the perceived transformation process,
world views, and endogenous and exogenous environmental factors. It should
clearly highlight the required community-wide transformation process required to
build resilience. It should be guided by inputs from the systemic diagnosis process
in the preceding section. Root definitions should incorporate the three capacities of
resilience (adaptive, absorptive, and transformative). An example of a root defini-
tion could be: “A community led vesilience building process for improved livelihoods”.
Experiences from community planning and reflection exercises during action
research suggest that such a process should start at the village level. A ward-level
approach would complicate the visioning process since villages have; different
resource endowments, different visions, and worldviews due to different leader-
ship styles by the traditional leadership and have engaged in different development
programs due to heterogeneous engagement by various NGOs leading to different
levels of appreciating rural development approaches. Experience has also shown that
a lot of communities are “over researched” and have gone through numerous planning
activities hence it is important to take cognisance of their existing plans. Clear root
definitions should be set incorporating community actors, key stakeholders, possible
endogenous and exogenous factors that will impact the transformation process.

7.3 Construction of conceptual models

These models illustrate the relationships among the various elements defined in the
root definitions. They define activities that the system must implement to achieve the pro-
posed transformation. It is important to note that conceptual models define the process
and not the methods applied. These models must be as holistic as possible to ‘sweep in’ all
relevant stakeholder views. They should show interactions and synergies (both positive
and negative) of various elements. Communities in most rural areas in Zimbabwe have
gone through different shocks/hazards and have developed their own coping mecha-
nisms. The construction of conceptual models should, as much as possible, elicit tacit
knowledge from these situations.

Conceptual models are normally represented in the form of bubble diagrams with
activities enclosed in bubbles. The bubbles link each other through arrows that depict
dependencies (positive and negative). They should demonstrate an ongoing purpose
for improving community resilience, a means of assessing performance, decision-
making processes, components that are sub-systems, an environment, continuity, and
required resources. Figure 5 shows examples of conceptual models.

The development of conceptual models should also be done at the village level.
Experience from Action research indicates that such planning processes need to be
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Figure 4.
Example of a rich text picture. Adapted from Patching [49].

conducted properly to manage reticence by some community members. Facilitators
need to understand community dynamics that affect effective participation. Women for
example may not participate effectively around men. Facilitators must be creative and
adopt participatory methodologies that elicit the views of all stakeholders involved in the
process. There might be need, for example, to form development groups, have separate
inputs, and then conduct a village-wide process of consolidating the conceptual models.

7.4 Systemic design

This is an iterative process that focuses on comparing the conceptual models
with the real-life situation from the unstructured problem presented in the rich text
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pictures. The conceptual and the real situations are compared to come up with realistic
interventions. This process should ideally be facilitated at the village level with the
participation of all key stakeholders through community-wide dialogue. This process
can be replicated in other countries with similar socio-cultural conditions, particularly
southern African countries such as Malawi, Mozambique, and Zambia. From action
research experience, such a process can be challenging as village-wide dialogue has

utation, resources )
~and sustainabili
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Control

Criteria for
EHecliveness

Strategic
Control

Efficacy
Efficiency

enrol students

take control
action

Figure 5.

Example of a conceptual model (http://users.actrix.conz/bobwill /ssm.pdf).
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a number of challenging factors including breaking the ‘conspiracy of silence’ where
community members won't share knowledge and information as some perceive their
tacit knowledge as inferior to technical expertise knowledge; gender and cultural
dynamics where in some cases, certain community members’ contributions are
regarded as inferior; de-politicking community dialogue; and detangling NGO specific
forums. The latter normally stems from NGOs competing for space and developing
their own forums. The comparison of the conceptual model to the rich text pictures
should be done activity by activity in a tabular format. The table will have several col-
umns. These columns might include the following headings: activity; status (indicating
if the activity is already being implemented); current challenges and coping mecha-
nisms; measures of performance; recommendations; and comments. The facilitators
should draw as much as possible from participatory planning tools such as community
based planning (CBP).

7.5 Implementation of sustainable development

The implementation process should be action research-oriented informed by contem-
porary extension approaches. According to Ozgatalbag [50], such an extension approach
should utilize proven, accurate information based on research findings to improve
welfare. This process will allow the delivery of information and knowledge to target
groups for socioeconomic development. Rather than a pure development practitioner/
community member dichotomy, it should be based on a knowledge co-creation agenda.
Such knowledge transfer should ideally be based on technology transfer within the cur-
rent context of the fourth industrial revolution (4IR). Zimbabwean community members
have been through numerous shocks; including droughts, and economic transitions
among others. Extension and technology transfer through action research ensure that
the implementation of the designed social activity systems engages a learning agenda.
Experience shows that engaging Zimbabwean communities in action research have a
key challenge in facilitating learning. There is a general belief by communities that rural
development practitioners are more knowledgeable that communities and communities
should learn from them. This poses a challenge for facilitators in changing this mindset to
allow a knowledge-sharing agenda. In such instances, a tool such as appreciative inquiry,
for example, was found to be effective in Chimanimani District during action research.
The approach deviates from the traditional assumptions that community systems have
inherent flaws that need to be fixed through problem solving and interventions. Rather
than treating communities as problems, it focuses was placed on identifying positive
capacities within communities which are the facilitators utilise to drive dialogue.

7.6 The strategic pillars

The proposed programming frame has strategic pillars that enhance its effective-
ness (monitoring evaluation and learning, action research, knowledge integration,
and dialogue). As outlined in the preceding sections, these should not be treated asa
stand but should be integrated and interweaved with the entire SSM cycle (Figure 3).
Implementation of the strategy should adopt monitoring and evaluation mechanisms
that enhance community empowerment and learning. Experience in Chimanimani
District through action research shows that tools such as community based monitor-
ing and evaluation (CBME) and community score cards, where communities are
given skills enhance knowledge sharing, improve project performance and account-
ability of local institutions and stakeholders. As described in preceding sections,
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action research, knowledge integration, and dialogue ought to be integral components
of the proposed systemic programming framework.

8. Conclusion

This paper provides a framework for systemic programming for community resil-
ience and sustainable community development in Zimbabwe. It is not a step-by-step
programming manual but rather provides key tenets for researchers and development
practitioners. The building blocks proposed are neither exhaustive nor prescriptive.
Rural development is highly contextual, thus, tools and approaches to implementing
the framework are not specified. This calls for creativity in the empirical testing of
the proposed framework. Two research questions are addressed; what are the critical
components of a systemic programming framework for livelihoods and resilience?
And, how is such a framework facilitated in practice? The components of the pro-
posed systemic programming framework are systemic diagnosis, roots definition, and
construction of conceptual models, systemic design, and implementation. These are
supported by four strategic pillars; monitoring, evaluation, and learning; knowledge
integration; action research, and dialogue. It is recommended that the systemic
framework be tested empirically, and its components become part of resilience
programming in Zimbabwe.
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Chapter 6

Do the Collaboration Dimensions
Pay in Manufacturing Reverse
Supply Chain? An Empirical
Approach

Ifije Ohiomah, Clinton Aigbavboa and Nita Sukdeo

Abstract

The purpose of this paper is to examine empirically the enablers and practices of
collaboration in relation to reverse supply chain. The research method used in this
research was a quantitative method using a survey approach to empirically test if the
following collaboration enables and practices are applicable. The statistical approach
was AMOS 26. The findings revealed that, the relationship building and management
for implementing collaboration was ranked highest, resource investment and devel-
opment in reverse supply chain was ranked the next. Furthermore, quick response on
returned goods and information sharing with suppliers on the returned products were
highest ranked. The research was limited because the study was based in the Gauteng
region, which means that a generalised statement cannot be made of the finding, as
well there is a need for the study to be industry specific such as electronics, online
retailers. The practical implications of the findings are that the enablers and practices
are needed for reverse supply practices to achieve its aims. There is lack of research in
the reverse collaboration space, this has paper has fulfilled the following gap.

Keywords: collaboration, reverse supply chain, manufacturing, sustainable practices

1. Introduction

In the recent decades, environmental considerations, cost reduction, and consumer
pressure have become significant concerns worldwide [1] with the intensifying calls
for environmental concerns, namely depletion of resources, landfills exhaustion in
many countries, and several legislative measures by governments to take back the end
of life products, issues like reverse logistics, product recovery, remanufacturing, and
reusing have come across as significant areas for development [2]. For this paper, the
discussion is around reverse supply chain (RSC).

Rural development is a very key driver in the bid to achieve sustainable development.
Development of economic activities in rural areas plays a significant role not just in
South Africa, but every country. This cannot be achieved without the preservation of the
environment. Sustainable rural development is a mixed developmental concept which
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is created by an integral merging of sustainable and rural developments and represents
a particular combination of their basic elements. In this study the basic elements is
reverse supply chain, as reverse supply chain will drive the rural development in South
Africa as the concept of sustainable rural development includes social and economic
dimensions in the South African context. The economic dimension of rural develop-
ment refers to the economic growth through the achievement of vitality, efficiency
and effectiveness of the economic activity in the rural areas. The social dimension of
rural development refers to the social progress through the improvement of the human
potential and the creation of equal opportunities for a living in rural areas.

The reverse SC is known as reverse logistics (RL) in most of the literature; however,
reverse SC and RL are used interchangeably in this paper. However, logistics is central
to the supply chain. The reverse SC is an emerging business practice that supports
sustainable production and consumption. Further, the importance of RSC has gained
prominence in recent years, as there are high returns by customers due to the expan-
sion of product choices and shorter product life cycles [3].

Reverse Supply Chain (RSC) is the collaborative responsibility of both the
producers and consumers to reduce the waste by recycling, remanufacture, reusing,
and adequately to dispose unacceptable products or items to enhance environmental
sustainability [4, 5]. Globalisation has driven companies to become more flexible and
productive by rapidly developing new products and reducing delivery times to meet
customers’ needs resulting in supply chains collaborating entirely with supply chain
partners to reach short delivery times and shorten product release time. Collaboration
is a term primarily used by the forward supply chain organisation. Collaboration
works in conjunction with different parties to complete tasks and accomplishes
mutual goals. It is a mechanism by which several individuals or organisations work
collectively. It includes just over the unification of mutual goals, as in cooperative
organisations, and a mutual willingness to fulfil a common aim [6].

One of the most often discussed terms in supply chain management has been
cooperation in the forward supply chain. Over the past decades, organisations have
seen the need to look beyond their organisation for opportunities to work with
partners to ensure that the supply chain is efficient and responsive to dynamic market
needs [6]. There is little or no research in collaboration in the reverse supply chain
since most collaborative studies have been on the forward supply chain.

Supply chain cooperation is a powerful tool for achieving productive and receptive
supply chain management (SCM) [7, 8]. Therefore, extended to the reverse supply
chain since the literature revealed that the reverse supply chain is inefficient and
unpredictable. Reverse supply chain collaboration is a relationship between partners
in the reverse supply chain that aim to share information among themselves to jointly
improve the performance of the reverse supply chain and improve the profit margin
by redesigning business practices [9].

Supply chain collaboration (SCC) has different definitions. This study considers
several definitions by authors such as [8, 10, 11]. The definition from Simatupang
and Sridharan [12] defined SCC as “two or more independent companies work jointly
to plan and execute supply chain operations with greater success than when acting
isolation.” SCC can take on two different relationships: vertical collaboration, the
relationship between a manufacturer and a client, or horizontal collaboration, which
is the relationship between companies at the same echelon of a supply chain, includ-
ing between rivals [13].

This study adopts the approach taken by Barratt [14] and Lafferty and van Fossen
[15] to classify Supply Chain Collaboration since it does not cover the same dyadic
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associations among supply chain partners that fit this aim study. This study concen-
trates on the organisation’ vertical collaboration with its partners, i.e., suppliers,
organisations, and customers.

Collaboration in supply chain if well thought out, could be central to successful
business operations [16] and brings about competitive advantage [17]. It has become
a buzzword in the business sphere in recent times [18]. Nonetheless, a survey was
conducted, which revealed that 35 per cent of collaborative initiatives were moder-
ately successful [19]. In practice, however, studies have shown that most attempts to
introduce cooperation do not meet the participant’s standards and end in failure [20].
Literature has shown that a collaboration record of accomplishment of execution
finds all management strategies in the supply chain unsatisfactory [21]. In the light of
this awareness, collaboration must be effective in the RSC.

Successfully implementing collaboration in the RSC and recognising the causes of
collaboration failure is the product of a limited understanding of the elements required
to implement the company’s collaborative initiatives [22, 23]. Ho et al. [24] devel-
oped steps and processes (as shown below in Table 1) necessary to implement and
strengthen collaboration for the RSC. These steps and processes are necessary to imple-
ment vital collaborative activities effectively in the reverse supply chain. Organisations
need to collaborate moving forward as a necessary activity [25, 26], as well as including
the prerequisite activities as a backdrop to building the capacity and competence to
collaborate in main activities and to help and enhance activities [27] (Table1).

Hence for reverse supply chain to achieve its full potential of been included in the
reverse supply chain process as seen in the forward supply chain. It is important that,
collaboration is the centre of the reverse supply chain process. Furthermore, studies have
shown that there is little, or no research carried out in the reverse supply chain literature,
this poses a significant issue in the reverse supply chain domain as there is little or no
research to back findings in collaboration as it pertains to reverse supply chain. Lastly,
to the best of the researcher knowledge, this is the first of a kind where collaboration
dimensions will be empirically analysed in the reverse supply chain domain.

1.1 Benefits of collaboration in reverse supply chain
1.1.1 Improving performance operationally

SCC improves the performance of the companies [28, 29]. Through working
closely, organisations boost the outcomes of working with supply chain partners [30].

Antecedents Collaboration dimension

Managerial support Information sharing

Internal alignment Resource sharing

Resource investment and development Decision synchronisation

Relationship building and management Goal congruence

Free information flow & system integration Incentive alignment

Formalisation Collaborative communication

Rationalisation Joint knowledge creation
Table 1.

Antecedents and collaboration dimensions.
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The benefits of working closely with supply chain stakeholders consist of a higher
responsiveness level and changes in service levels from their joint supply chain projects
[22, 28, 29]. The reverse supply chain’s performance came into question because of the
uncertainty in the return of goods, the volume of return goods, and other instances.

1.1.2 Increasing service quality

Organisational performance is dependent on exact and timely SC information
[8, 23]. Organisations expect a better degree of service level development from the
supply chain partnership initiatives. An added benefit of supply chain cooperation is
that it contributes to supply chain cost reductions often associated with intercompany
transactions, output and inventory [29].

1.1.3 Improving logistical performance

Several investigations have shown that an advanced level of collaboration in the
supply chain can improve a firm’s performance [31], in logistics activities [32], which
could lead to the future to more collaborative actions because of the success of col-
laboration [33].

1.1.4 Mitigating risks

In addition, collaboration in the supply chains could also reduce gaming and
rationing. It is one of the bullwhip effect’s primary triggers [34]. Additional benefits
may well be a higher level of cooperation, which can be attributed to removing the
bullwhip effect, reducing inventory levels, the efficient use of transport capacity, and
risk mitigation [22].

Collaborative strategies such as information sharing, reward coordination, and
decision synchronisation explored in several dimensions [35-37]. Simatupang and
Sridharan [17] reported that partnership dimensions could be prioritised using
several measures, such as mutual objectives, information sharing and reward align-
ment, among many. When organisations work together, they manage their inventory
and ordering policies effectively [22]. In a bid to achieve a solution where everyone
benefits, collaboration can be applied to pricing strategies [38]. Reducing supply
chain costs through a decentralised supply chain approach is one of many reasons why
businesses are partnering with their suppliers.

1.1.5 Information sharing

The sharing of information is one of the leading collaborative activities; it is
described as necessary [39], foundation [40] and a fundamental prerequisite [23].
Any relationship must have a flow of information [39]. Information sharing decides
the direction and extent of the flow of material from product returns and end-user
repairs. Therefore, the flow of information involves transactional data exchange and
customer feedback on product research and development problems, which is critical
for the movement of information flowing from customers to manufacturers through
the suppliers.

The sharing of information, as said by Hudnurkar et al. [40], is the glue that binds
the relationships between partners, allowing the RSC to be more reactive in address-
ing competitive advantage issues. Moreover, as supply chain partners are increasingly
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growing and practising across various parts of the globe, organisations must share
accurate and factual time information among partner organisations to achieve
common goals. Additionally, this will lead to proper handling among supply chain
partners of returned goods.

Crook et al. [41] advocated that small firms must collaborate and share informa-
tion. They can attain advantages from what accomplished in exchanging information
when adopting an adversarial relationship. Nonetheless, companies are worried about
sharing information that is so important within their supply chain, as there is worry
about the leakage of important information such as demand projections, adoption
of emerging technology and new product innovations, and returning to their rivals
for goods. Consequently, the interaction between the collaborative RSC should help
lessen the likelihood of information leakage. Trust between SC associates plays a vital
role in sharing information via the supply chain [42].

1.1.6 Goal congruence

The combining of supply chains with individual preferences has recently been
considered [43, 44]. Goal congruence is the level at which SC participants are satis-
fied with supply chain targets [40, 45]. The goal congruence consists of the definition
of the roles and responsibilities of an individual partner, the establishment of goals,
specific targets, performance measures, IT standardisation, mutual knowledge
formalisation and the joint implementation of the strategy [26].

True partnership is defined as one of the target congruence responsibilities [46]
and requires an understanding of the needs and competencies of each member of
the RSC to ensure to focus the efforts of individuals working in the supply chain. As
aresult of specific strategic goals. Moreover, the value of the organisation’s strategic
direction and vision raised concerns, as reported by Lambert et al. [47]. Lambert
et al. [47] suggested that RSC members buy into the RSC vision and critical business
processes. Collaborative relationships should be a key focus for achieving changes
and incentives through industries [48]. Lastly, the desires and requirements of the
RSC members must consider the RSC strategies and operations to best benefit each
member, cash flow and return on investment [49].

1.1.7 Decision synchronisation

Decision synchronisation was conceptualised by Simatupang and Sridharan [12],
where the researchers described it as “the extent to which the chain members are able
to coordinate critical decisions at planning and execution levels for optimising supply
chain profitability. It occurs when the forward and reverse chain partners orchestrate
supply chain decisions and combine RSC with operations that create better RSC ben-
efits [12]. Planning decisions are crucial to deciding the most efficient and effective
ways of managing the enterprise’s resources to achieve the targets set. These decisions
are as follows: strategy planning, demand management, production planning and
scheduling, procurement promise delivery and distribution management [50]. Joint
planning aligns collaborative partners and makes organisational decisions.

1.1.8 Incentive alignment

This collaborative concept refers to cost-sharing, risk, and the benefits of the
supply chain among partners [51]. The alignment of incentives involves assessing the
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cost, risks, benefits, and designing incentives. Successful SCC requires each mem-
ber’ ability to share profits and losses equally, and the collaborative result must be
quantifiable [52]. Incentive alignment entails a careful interpretation of gain-sharing
arrangements, ensuring profits are proportionate to risk and investment [53].

1.1.9 Resource sharing

Resource planning is the utilisation of the supply chain members’ abilities and
assets and the supply chain members investing in the capabilities and assets. Physical
resources such as manufacturing equipment, return facilities, and technologies are
those assets in which participants of the reverse supply chain need to invest [54].
Activities such as vendor-managed inventory (VMI) allow suppliers to take stock-
level data through electronic data interchange (EDI) and take the required top-up
action in sectors such as retail [55].

1.1.10 Collaborative communication

This process is the process of communication and transmission of messages
between SC partners about the duration, direction, mode, and strategy of control.
Two-way communication is usually an indicator of close inter-organisational rela-
tionships [56, 57]. This research examines communication patterns from the mecha-
nistic perspective of communication theory. They fit with the term ‘collaborative
communication strategy, which refers to the main communication attributes, includ-
ing frequency extent of bidirectional flows, informal modes and indirect content.

1.1.11 Joint knowledge creation

SC partners can develop improved market knowledge and response and the
competitive environment through working together [58]. The two kinds of knowledge
creation activities are knowledge exploration (searching and acquiring new and
essential knowledge) and knowledge exploitation (integrating and applying relevant
knowledge) [59]. Capturing, exchanging, and assimilating knowledge (e.g., process,
technology, or market knowledge) among supply chain partners enables innovation
and the supply chain to be competitive in the long term [54].

1.2 Reverse supply chain and sustainable development goals

The review of literature reveals that there has been a lack of study that
comprehensively discussed issues in relation to reverse supply chain and cover the
market, workplace, environment, and society. These areas are found within the 17 UN
Sustainable Development Goal (SDG). The integration of RSCM practices into the
SDG will enable entrepreneurs to develop an advanced and complex reverse supply
chain management which could lead to a more efficient and ethical reverse supply
chain. It is well to note that the goals of sustainable development (SD) have been
designed to interact with organisations and stimulate economic effects [60]. While
the SDGs do represent a different approach, their potential for transforming the
dominant governance approaches to sustainability remains an open question. Thus,
global collective action does not end when decisions are reached, but these decisions
introduce new practices in a complex political process that can bring in new actors,
new ideas, and new action for sustainability in rural developments [61]. It seems,
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therefore, that the role of RSCM may be decisive in the successful implementation of
SDGs in rural development, if development goals are understood as a process in which
all components interact with each other [62]. In a similar vein, [63] emphasise the key
role of the links that co- create supply chains are embedded within the SDGs. In turn,
Russell et al. [64] suggests that SDGs have undoubtedly been successful in broaden-
ing the awareness of entities co- creating supply chains, yet their implementation in
the reverse supply chain may be problematic due to their very wide scope, hence the
need for collaboration among all stakeholders to try to narrow the scope. It should
therefore be emphasised that due to the complexity of SDGs, management decision
makers may encounter many barriers and limitations at the stage of implementation
of objectives in supply chains, this can be eliminated if there is adequate collabora-
tion among the stakeholders in the reverse supply chain, one of the challenges faced

is that everyone in the supply chain want to work independently forgetting that they
are all interlinked. This situation is influenced by the fact that the development of

an integrated supply chain management system aligned with the SDGs is a highly
complicated undertaking and requires significant involvement, thus bringing about
collaboration in this process of these to achieve the goals to attain the SDG goals.

2. Research design and methodology

According to Denzin and Lincoln [65], paradigms are a broad framework of
perceptions, beliefs, and feelings with which theories and practice operate. For Guba
and Lincoln [66] research philosophies are the set of feelings about how the world
works (ontology) and how it should be understood (epistemology) and studied
(methodology). Whereas ontology raises questions about the nature and form of
reality to be known, epistemology raises questions about the nature of the Knower
(researcher) relationship and what can be known (the problem under investigation).
Finally, methodology refers to general principles that underline how we investigate
the social world and demonstrate that the knowledge generated is valid [67-69].

According to Guba and Lincoln [66], positivism, post positivism, critical theory
and constructivism or interpretivism are the four schools of thoughts that underline
the significant paradigms that structure social science research. For this paper, a
positivism paradigm was selected, this approach was selected based on the following
points. Quantitative research was adopted for this study, the criterion for selecting is
as follow, to test the following collaboration strategies, more extensive and randomly
selected respondents, numbers and statistics, Single reality; Objectivity is critical
(precise measurements using validated data-collection instruments), the researcher
cannot influence the participants. The characteristics of the participants are hidden
intentionally from the researcher. The scientific method is confirmatory. A survey
research approach was selected to use for this study; this was selected for the fol-
lowing reason: The survey approach is associated with the research using positivist
quantitative methodologies [70]. Since a large amount of data is being collected using
the survey approach, the findings are generalised to the entire population. The study
examines collaboration strategies and confirms them to be used for a confirmatory
analysis within the South African manufacturing industry, which involves collecting
data from many participants, especially when using structural equation modelling
(SEM) technique in data analysis, employing another research approach will be costly
and time-consuming [71]. The data was collected using the google forms survey;
the following reasons were behind the use such as data can be collected from many
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participants simultaneously in a quick, easy, efficient and economical way compared
with other methods such as interviews [72-74], It is designed and administrated.

For example, interviews usually require much administrative skills [69], Higher
privacy of respondents because issues such as anonymity and confidentiality were
dealt with in the cover letter, collecting the questionnaires at once after being com-
pleted will assure a higher response rate [75].

2.1 Research design

According to Nachmias and Nachmias [76], research design supplies overall
guidance and framework for the data collection and analysis of the study. It is critical
to link the theory and the empirical data collected to answer the research questions
[77]. A choice of a suitable research design will influence the use and type of data
collection, sampling techniques, and the budget [71]. Additionally, when designing a
study, the researcher should make a sequence of rational decisions about the purpose
of the study, location of the study, the investigation type, role of the researcher, time
horizon and the level of data analysis [75]. Before going ahead to the data collection
process, the sampling technique is considered a critical concern to the research to be
the targeted population and eliminate the bias in the data collection methods and
thus generalise the results [76, 77]. According to Tharinger et al. [78], there are four
critical issues to be considered when designing the sample as follows; (1) the choice
of probability or non-probability sample technique; (2) the sample frame; (3) the
size of the sample; (4) the response rate. The choice of probability or non-probability
sample technique selected for this study was the non-probability sampling technique,
the convenience sampling method was selected for this study, as the convenience
sampling methods allow the researcher to select the sample subjects from the tar-
geted population based on who is willing and easily accessible to be recruited and
included in the research. This method is the least expensive, least time-consuming
among all other techniques. Convenience sampling method is the most used in
behavioural and social science studies. The justification for the selection of conve-
nience sampling is as follows; it was not feasible to access data to allow random sam-
pling to take place, as well as time and budget constraints led to a decision to employ
the non-random approach with the potential to significantly collect the sample sizes
needed for the analysis. This research employed a convenience sampling technique
in collecting data that assumes a homogeneous population, and thus, generalisation
of results to the entire population should be made with caution. The research must
specify the sample size within the targeted population. According to Zikmund [72],
using a large sample within the study cannot guarantee precision and thus will waste
time and money.

On the contrary, significantly, when statistical data analysis such as SEM is
required, using a small size will lower the results accuracy [71]. Therefore, the
sample size was determined based on the rules of thumb for using structural equa-
tion modelling within AMOS. According to Roscoe [79], the following rules of
thumb should be considered when considering the sample size: Sample size >30
and < 500 are appropriate for most research; in multivariate research (e.g., SEM),
the required sample size should exceed by several times (preferably ten times) the
number of variables within the proposed framework or study. Similarly, Kline [80]
suggested that a sample of 200 or larger are appropriate for a complicated path
model. In contrast, a sample size varies between 50 and 1000, of which 50 as very
poor and 1000 as excellent.
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3. Findings and discussion

Table 2 reveals the descriptive analysis. From the analysis, it was revealed what
the respondents thought of enablers of collaboration. The respondents agreed that
relationship building and management for implementing collaboration with a mean
score of 4.05, resource investment and development in the reverse supply chain with
amean of 3.98, which reveals that the respondents agreed with the extent to which
this construct enable collaboration. The respondents revealed with a mean of 3.97 that
free information flow in the organisation enables collaboration, this means that the
respondents agreed with the variables. The respondents revealed with a mean of 3.92
that Internal alignment of the organisation and partners to the implementation of
collaboration, which means that the respondents agreed with the variable. Lastly, top
management support for collaboration revealed that the respondents agreed with the
variable with a mean of 3.79, this means that the respondents agreed with it.

Furthermore, a descriptive analysis for collaboration practices revealed that quick
response on returned goods revealed that the statement was agreed with a mean of
4.06, rapid processing of order returns revealed that a mean of 4.01 which means that
the respondents agreed with the statement. Information sharing with suppliers on the
returned products revealed that that the statement was agreed by the respondents with a
mean of 3.99. Joint knowledge creation among the stakeholders on reverse supply chain
revealed that the respondents agreed with the statement with a mean of 3.98. lastly, the
respondents agreed with the statement close relationship with customers who purchase
the products revealed that the respondent agrees with the statement with a mean of 3.71.

Table 3 reveals the convergent validity and internal consistency of the collabora-
tion construct. The threshold of average variance extracted (AVE) is above 0.5, as
recommended by Fornell and Larcker, Hair et al. [81, 82]. The composite reliability
(CR) threshold as recommended by Litwin [83] is 0.5, but Fornell and Larcker [81]

Collaboration enablers Mean Std Dev
Relationship building and management for implementing collaboration 4.05 1.088
Resource investment and development in the reverse supply chain 3.98 1.139
Free information flow in the organisation 3.97 1142
Internal alignment of the organisation and partners to the implementation of 3.92 1.04

collaboration

Top managerial support for collaboration 3.79 1.099

Collaboration practices

Quick response on returned goods 4.06 1.072
Rapid processing of order returns 4.01 1.037
Information sharing with suppliers on the returned products 3.99 1.089
Joint knowledge creation among the stakeholders on reverse supply chain 3.94 1132
Participation of suppliers in product return inventory control 3.94 1.091
Information sharing with customers on returned product 393 1116
Close relationship with customers who purchase the products 371 1131
Table 2.

Descriptive statistics for collaboration.
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Estimate AVE CR
COL1 “« COL 0.927 0.81 0.98
COL2 “— COL 0.913
COL3 « COL 0.886
COL4 — COL 0.908
COL5 “« COL 0.908
COL6 — COL 0.907
CoL7 “« COL 0.867
COLS8 - COL 0.901
COL9 “« COL 0.931
COL10 “« COL 0.903
COL11 « COL 0.916
COL12 — COL 0.845
COL13 « COL 0.894

Table 3.
Convergent validity and internal consistency.

recommended 0.7. The AVE finding of this study is above 0.5, meeting the cut-off
criteria. The CR for this construct is 0.96 because they show that all the indicator
variables measure the same phenomenon [77].

Furthermore, the regression weights of the variables measuring collaboration
showed that they were all significant, which means that they accurately measured
collaboration.

Although several measures for deciding the fitness of a model exit. Hu and Bentler
[84] suggested that use of the ML-based standardised root mean squared (SRMR)

Measure Threshold COL
X2 — 266.082
Df — 65
p-value — 0.000
X2/Df < 3isgood; < 5is acceptable 4.094
GFI 0to1 (0 = nofit; 1 - perfect fit) 0.966
CFI >0.95t0>0.80 0.965
NFI 0.60 t0 1.00 0.955
RFI 0.90 t0 1.00 0.937
TLI >0.95 0.952
RMSEA 0.05 to 0.10 acceptable; < 0.05 is 0.099
good

SRMR <0.08 0.07

Table 4.

Model of fit.
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along with any supplemental fit index such as Tucker-Lewis’s index (TLI), compara-
tive fit index (CFI), Gamma Hat, McDonald’s centrality index (Mc), or root mean
squared error of approximation (RMSEA).

This fit index will help reduce the possibility of committing a Type I error (the
probability of rejecting a null hypothesis when it should be accepted) or a Type II
error (the probability of accepting a null hypothesis when it should be rejected [84].
The X* divided by the degree of freedom (Df) revealed a good fit of 3 to 5 as noted
by Tharinger et al. [78], while the goodness-of-fit (GFI) must be from 0 to 1, as saw
by Doloi et al. [85]. Similarly, the CFI met the minimum threshold of at least 0.80
set by Hu and Bentler [84] and a cut-off of 1 as set by Singh [86], while the normed
fit index (NFI) can fall within the 0.6 to 1.0 threshold observed in Van Dijk, and
Akkermans et al. [87, 88]. The chi-square was 4.0, which makes it a good fit. The GFI,
CFI, NFI, RFI and TLI all met the cut-off criteria of >0.90 and > 0.95, respectively.
The RSMEA gave a fit of 0.99, which is acceptable, and the SRMR is 0.07. The fit
index shows that the following cut-off criteria for all collaboration variables are fit for
acceptance into the final structural equation model (Table 4).

3.1 Discussion

This study develops a measurement model which was adapted from earlier studies
[87]. Collaboration is a strategy for effective supply chain management [26]. But this
has not be the case for reverse supply chain, the findings from this study are consis-
tent with findings from the forward supply chain. Enablers of collaboration such as
relationship building and management for implementing collaboration is consistent
with findings whereby [88] stated that in order to enable collaboration, it requires
high level of trust and information transparency which can only be achieved by
building relationship of trust to enable trust and information strategy. Free infor-
mation flow in the organisation also is one of the several enablers of collaboration,
this finding is consistent with [14] who said that information exchange in addition
to trust is very key to enabling collaboration. Further the findings of Top manage-
ment play a significant role in enabling collaboration stated by Fawcett et al. [27],
who stated that without top management support it is almost impossible to enable
collaboration.

One of the challenges seen from literature, is the ability for returned goods to be
processed quickly and with the help of efficient collaboration enablers there will be
quick response on returned goods, as information sharing with the suppliers and cus-
tomers will lead to quick response on returned goods. This is pertinent as information
sharing will lead to a joint knowledge creation among the stakeholders in the reverse
supply chain but also enhance a rapid processing of order returns. Furthermore,
information sharing with suppliers and customers will bring about an enhancement
in the decision making across the reverse supply chain, as well as establishing stronger
partnerships and closer integration among the customer, supplier and manufacturer
[89, 90]. Information sharing with suppliers and customers will lead to increased
visibility, velocity and flexibility within the reverse supply chain. In this regard, the
type of information being shared, the frequency, direction and mode of information
sharing are particularly important for the growth of collaboration among reverse
supply chain partners. Prajogo and Olhager [44] showed in their research of suppliers
and manufacturers that information sharing improves logistics integration in inven-
tory management, as these findings is somewhat related to the variable as there is a
need for suppliers to participate in the inventory control of product return.
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3.2 Implication of findings

From the practical point of view, several valuable managerial implications could
provide valuable insights for organisations seeking to get involved with reverse supply
chain not only in the distribution networks of reverse supply chain, but in the other
types of the reverse supply chain networks. The research results proved that reverse
supply chain partners practising collaboration should ensure to improve information
sharing, decision synchronisation, incentive alignment, resource sharing, collabora-
tive communication, joint knowledge creation and goal congruence to ensure the
capability to achieve and support a prominent level of collaborative advantage for their
supply chain. The following capabilities of collaboration is key to the development of
sustainable rural development as information sharing is key as there has to be a.

Furthermore, using a structural modelling approach, the issue of collaboration
in reverse supply chain was examined to gain an understanding of collaboration
in reverse supply chain. Information sharing, decision synchronisation, incentive
alignment, resource sharing, collaborative communication, joint knowledge creation
and goal congruence. The study also suggests that reverse supply chain collabora-
tion in the driving of rural development increases firm performance by enhancing
inter-firm trust and commitment, which then reduce transaction costs in the reverse
supply chains. This research offers a managerial insight for the reverse supply chain
managers in terms of the various aspects of reverse supply chain partners toward
the relationships of the partners in the rural areas of South Africa, with emphasis on
the trust building mechanism, making long-term commitment more important for
reverse supply chain partners. Another important finding of this study is the effect
of collaboration to improve the operational performance of the reverse supply chain
in rural areas, it is important that manufacturing organisations willing to improve
operational performance of the reverse supply chain, should ensure that there is an
achievement of the collaboration dimensions. There are different definitions and
measures of collaborative advantages, which can help managers to improve shared
reverse supply chain processes and achieve benefits for all members.

This study is consistent with the research by Van Dijk, and Cao and Zhang [21, 87],
confirms that the use of such collaborative dimension offers flexibility, process efficiency,
innovation and business synergy is the most efficient. Ignoring collaborative dimension
may be one of the reasons why so many firms failed to develop effective collaboration in
their supply chains. Obtaining collaborative advantages may help overcome the chal-
lenges and complexities in inter-firm collaboration that a variety of companies have
faced. Collaboration is referred to as inter-organisational competitive advantage, which
seeks to maximise a common profit for all reverse supply chain members. This synergetic
effect of collaboration is what drives the organisational performance improvement. It
arises due to collaboration efforts of the reverse supply chain partners, and it is obtained
only through joint action and close collaboration. Thus, suggestions that, for a reverse
supply chain to perform well, firms should try to create a win-win situation that all
participants collaborate to achieve business cooperation and compete with other chain.

According to Cao and Zhang [21], competitive intentions make individual firms
promote their own interests at the expenses of others, which is very insidious for
collaboration and can worsen or destroy the relationships. Long-term relationships
such as reverse supply chain collaboration have to be motivated by the mutuality of
intent, goal congruence, and benefit sharing. Thus, managers need to align goals and
benefits with reverse supply chain partners for creating collaborative advantage. Such
collaborative advantage indeed directly increases the performance for each partner in
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the chain. As the empirical results of this study show, the main instrument of obtain-
ing collaborative advantages is the dimensions of supply chain collaboration. Under
the conditions of the growing uncertainty of business environment and increasing
competition, decision synchronisation, incentive alignment and information shar-
ing come at the forefront. Practicing these collaborative dimensions allow firms

to improve process visibility and reduce the uncertainty level in decision-making.
Furthermore, the benefits of collaboration practices could bring about a smooth
implementation of reverse supply chain, thus making available the cores required for
remanufacturing, recycling practices. It is noted that this practices are sustainable
practices and will help in the attainment of sustainable development in the rural
areas, which are often neglected. The aforementioned practices will bring help key
into the triple bottom dimension of sustainability which are economic, social and
environmental. It will boost rural development economically because it will bring
about more exposure and in terms of revenue in the form of tax in the rural areas,
socially, it would bring about job creation to the rural area, environmentally it will
bring about lower landfill as an there will be increase in awareness of the population
not just disposing of their used goods. In addition, SDGs have a strong link to prac-
tices implemented under RSCM and their integration into the forward supply chain
management process can stimulate synergistic effects in the attainment of sustainable
rural development. Managers need guidance on implementing SDGs in the supply
chain. The integration of the SDGs and RSCM provides new areas of research and
reflection. The implementation of SDGs in a supply chain require a new level of com-
mitment from all the links that co-create value, inform strategic choices, and provide
actionable options for daily tasks that align supply chains, firms, and society with
goals of sustainable development.

4, Conclusion and limitations

In summary, this study contributes to the knowledge base of collaboration. Firstly,
collaboration dimensions are likely to translate into greater management of returns.
Furthermore, there has not been a lot of studies on collaboration in manufacturing
reverse supply chain and in addition in the South African manufacturing context in
relation to rural development, hence it is with believe that this study will contribute
to the reverse supply chain industry in South Africa in driving the development of
rural development. Managers need guidance on implementing SDGs in the supply
chain. The integration of the SDGs and RSCM provides new areas of research and
reflection.

The limitation of this study is that the respondents were from the Gauteng prov-
ince, which means that a generalised statement cannot be made of the findings. It is
for this that the author recommends that this finding should be carried out in other
provinces. Furthermore, recommendations that research must be carried out on col-
laboration practices and its impact on the performance of reverse supply chain in the
manufacturing industry and furthermore maybe the study should be streamlined to
industries within the manufacturing industry.
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Chapter7

The Hambach Forest in the German
Debate on Climate Protection: Is
There a Symbolic Value beyond the
Environmental Value?

Meike Henseleit, Sandra Venghaus and Wilhelm Kuckshinrichs

Abstract

In the late summer of 2018, the Hambach Forest (North Rhine Westphalia/
Germany) appeared prevalently in the media due to massive protests against its clear-
ance for lignite mining with for the power generation. Because coal power as a form
of energy supply is extremely climate intensive, the Hambach Forest rapidly became a
symbol of the fight against climate change and the ongoing destruction of nature and
its resources for economic reasons. Due to the extra-ordinarily prominent role of the
Hambach Forest in the public opinion across Germany, this research addresses values
of the forest to the population in monetary terms as well as the underlying factors that
determine those values. For the analysis, a contingent valuation survey was conducted
in December 2019 in Germany. The proposed amounts for the preservation of the
Hambach Forest are mostly in accordance with previous evaluation studies of woods
and forests, although this time almost only passive-use values are decisive. Further, a
conversion of the WTP values to the area of the Hambach Forest results in an extra-
ordinarily high per-hectare value of about 3.6 million. Thus, the symbolic value of the
forest is remarkable and should be considered in future political decisions.

Keywords: symbolic value, environmental valuation, climate movement

1. Introduction

In the late summer of 2018, the Hambacher Forst (Hambach Forest) in Germany
appeared prevalently in the media covering the strong protests against the inten-
tion of the utility company Rheinisch-Westfilisches Elektrizititswerk AG (RWE) to
grub large parts of the remaining forest in order to mine the lignite underneath. Up
to 50,000 people from across Germany as well as neighboring countries gathered
for protest marches in order to save the forest and express their position against
lignite mining and to demand more political action regarding climate protection.
The grubbing was suspended when in October 2018 the Higher Regional Court of
Munster issued a provisional stop until there was going to be a decision as to whether
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the Hambach Forest falls into a category of the Habitats Directive." This was an option
since the forest is habitat to 13 species considered in the Directive, among them the
Bechstein’s bat (Myotis bechsteinii) and eight other bat species, two species of toad, the
agile frog (Rana dalmatina), and the endangered common dormouse (Muscardinus
avellanarius). In January 2020, following the recommendations of a caucus, the
German government decided to phase out coal power by 2038 at the latest and to
preserve the Hambach Forest [2]. Despite this decision, however, scientists expect the
forest to be endangered if RWE upholds its plans to continue grubbing in the coming
years, thus requiring the further lowering of groundwater (lignite mining requires
the lowering of the groundwater levels) and increasing temperatures caused by the
declining surrounding vegetation [3]. So far, nearly 60 villages have been relocated

or are in the process of relocation at present within the Rheinische Revier due to

the exploitation of the lignite underneath. Considering this, the magnitude of the
protests against the clearance of the Hambach forest was surprising.

Several factors seemed to be of relevance for the massive protests and the unex-
pected, high commitment of the population, either as participants in rallies or as
debaters in social networks or the like. First, the forest on its own as an old forest and
as a habitat for endangered species might be seen as valuable and irreplaceable [4].
Second, worries about climate change have gained in importance and were fostered
not least by the extremely hot summer of 2018, and the increasing awareness that
coal-fired power generation is among the largest sources of carbon emissions in
Germany. Third, for many people, RWE turned into an enemy image, as the com-
pany has been made responsible not only for massive carbon emissions, but also for
the destruction of nature and villages, despite the efforts of RWE to compensate
relocated people and to re-cultivate large areas. This position, however, neglects
proprietary rights, which RWE holds based on the acquisition of the Hambach Forest
in 1978, operating permits, and mining rights, all negotiated with the provincial
government in Dusseldorf, represented by different parties (Social Democrats,
Christian Democratic Union, and Green Party). Since 1978, the size of the Hambach
Forest has shrunk from 4100 ha to only about 500 ha in 2020, and since 2012, the
Hambach Forest has been occupied by about 20-100 people permanently living there
in self-constructed tree houses. However, the ownership based on the legal definition
may be in contrast to what people perceive as legacy or moral ownership here [5]. The
Hambach Forest eventually became a symbolic battleground for climate activists from
Germany and other countries. Ten thousands of people have visited the Forest since,
and its publicity goes well beyond the borders of Germany [4, 6, 7].

Accordingly, the Hambach Forest has become a location of “meaning,” and this
meaning can be attributed on vastly different scales. Such “meaning” does not mani-
fest itself in particular physical characteristics, but is instead attributed by humans
and may be closely linked to notions of identity and sense of “belonging” [5]. Only
places identified as symbolic by a certain number of individuals are socially recog-
nized as such, and a group can form and give itself an identity within this movement
of recognition [8]. Most generally, a place can be considered “symbolic” whenever it
contributes significantly to giving a group an identity—for example, the stadium of
“their” club is something meaningful for football fans. Members of a particular scene
are aware of this, and the symbolic meaning of a place is common understanding

! This is a European Directive as an EU response to the Berne convention, which intends to protect nature
and wildlife. It requires national governments to specify areas that are expected to ensure the conservation
of flora and fauna species [1].
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among them. Accordingly, the symbolic character of a location is both, a power-

ful matter and a power instrument: the person who manipulates symbols can also
manipulate processes of identification and thus take an influence on the constitution
of the group [8]. Further, a symbolic place does not have the same meaning seen from
nearby or from a distance, by a small group or by a large community, from inside or
from outside, by “us” or by “others,” and through time [8]. This symbolic aspect may
partly explain the fierce fight over the Hambach Forest, since the topic activates the
identification with either one side: following traditional rules or claiming change in
order to protect nature and climate.

Against this background and given the described unusually high empathy for the
forest, the question about its value for the German population arose. We therefore
intended to find out whether it was possible to measure the meaning of the forest
in the view of the population and to translate it into quantifiable values in order to
make it comparable. These values are to represent its role in the controversial politi-
cal debate on climate protection, transformation strategies, and coal phase-out
in Germany. It thus may indicate the non-use and probably symbolic value of the
Hambach Forest. Furthermore, stated values can also be considered as an indicator of
how important the protection of the forest for single individuals is. Since no similar
case is known to us so far, this study has a rather explorative character.

The structure of the paper is as follows: In section 2, we provide a literature review
about valuation studies of forests. Methods and procedure are described in detail in
section 3, followed by the results in section 4. This paper ends with a discussion and
conclusion section.

2. Literature review

In order to elucidate the values of environmental goods, several methods have
been developed depending on the values to be considered. Although the importance
of environmental goods to humankind has many dimensions (e.g., ecological,
sociocultural, or economic), the values are usually expressed in monetary units as an
important tool to raise awareness and convey the (relative) importance of ecosystems
and biodiversity to policymakers [9]. Economists have recognized the possibility that
individuals who make no active use of a particular forest, river, certain species, or
other such natural resources may, nevertheless, derive satisfaction from their mere
existence, even if they never intend to make active use of them [10-16]. This concept
has come to be known as “existence value,” and it is the major element of what is now
referred to as “non-use” or “passive-use” values [17]. The most common methods for
the evaluation of environmental goods, which comprise also non-use values, are direct
methods such as the contingent valuation method (CVM) or Choice Experiments
(CE). As part of these methods, individuals are presented a hypothetical scenario for
which they are asked to state their willingness to pay (WTP) and/or their preferences
for a change in the provision of a specific environmental good [18].

Many surveys have been carried out during the last four decades about values of
sylvan ecosystems and their ecological services. However, the WTP values are hardly
transferable due to several reasons: First, they are scenario-dependent. Second, WTP
values normally depend on individual characteristics, such as attitudes and sociode-
mographic variables. Third, the values may change quite a bit over time according to
circumstances [19]: for example, about 40 years ago, there were hardly any protests
against the cutting of the Hambach Forest, because, on the one hand, there was

125



Sustainable Rural Development Perspective and Global Challenges

still a large part of the forest remaining, and on the other hand, climate change and
the impact of coal-fired power generation were almost unknown, at least for large
parts of the population. Fourth, by conducting a survey, previously unknown and/
or unexpected correlations may be revealed. Nevertheless, procedures and results of
comparable studies are useful for the design and the interpretation of new surveys.

In a first step, we analyzed a database of more than 80 surveys about preferences
for wooden areas applying CVM, CE, travel-cost method (TCM), or benefit transfer
method (BTM) within German-speaking countries during the last three decades
[20]. Most of the studies measure recreational values by directly asking for the WTP
for entrance fees [21-25], or they evaluate minor changes in attributes such as the
introduction of environmental protection programs by asking for additional taxes or
the like [26-28]. None of the studies deal with pure existence values only, and thus, no
directly comparable values could be extracted from the studies listed in the database.

In a second step, we searched the Environmental Valuation Reference Inventory
(EVRI)? database, which compiles environmental valuation studies from all over
the world, for studies about values of woods and forests in order to find comparable
studies to the case of the Hambach Forest. As search criteria, we chose “plants,” since
this comprised both forests and woodlands, “willingness to pay,” “passive uses,” and
“stated preference” or “simulated market price” in order to identify comparable stud-
ies. Altogether, 182 studies were found (January 2020), of which 94 indicated “forest”
as environmental asset, 88 “trees,” 50 “woodland,” and 16 “rainforest.” Since some
studies consider more than one environmental asset, overlaps occurred. After delet-
ing those, 171 studies remained. Most of them address preferences for specific aspects
such as species diversity, infrastructure, preferences for leisure activities, or forest
protection schemes. In most of the studies on rain forests, the researchers surveyed
the willingness to pay for the preservation of a certain minimum area. Only five stud-
ies dealt with the total value of a forest rather than values for single characteristics.

The first study in chronological order was a cost-benefit analysis about the option
to log the Aorangi-Awarua-Forest in New Zealand (Table1). A CV among 500 New
Zealanders was conducted via mail in 1991 by Beanland [30] in order to find out
whether the total economic value of the forest was higher than the revenues from
logging it. The mean WTP to preserve the forest was 13.12 New Zealand $ as a yearly
payment, with 41% of the respondents willing to pay at all. This amount is compa-
rable to roughly 10€ currently when accounting for exchange rates and inflation.
However, since in this New Zealand mail survey, the return rate of questionnaires
was just around 50%, and normally those who are less interested in the topic are more
likely not to send back the questionnaire [35], an interpolation of the mean WTP to

the total population did not appear advisable.

The second study by Kniivild et al. [31] assessed the regional and local user and
non-user benefits of the current conservation of old forests in the region of Illomantsi/
Finland in 1999 by surveying 800 people in North Karelia. The response rate was
59.2%, the median WTP was 19€, and the mean WTP 48.6€ per person/year, which
corresponds to 25€ and 65€, respectively, in 2019. The WTP values were taken by
the dichotomous choice (DC) question format, which normally leads to higher WTP
values [33]. However, 18.5% of the respondents chose an “I don’t know” option
when they were asked whether they would be willing to pay a certain amount for the
preservation of the forest and were excluded from further analysis. About 45% of the

2 https://www.evri.ca/, last time accessed in September [29].
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1 2 3 4 5
Beanland Kniivilda Amirnejad Veisten and Broberg
[30] etal. [31] etal. [32] Navrud [33] [34]
Survey year 1991 1999 2004 1995 2005
Country New Zealand Finland Iran Norway Sweden
Method Mail survey Mail survey Personal Mail survey Mail survey
interview

Selected sample 500 800 n.a. 2,498 2,000
Participation rate 50% 59% n.a. 71% 49%
Sample size 225 472 950 1776 930
WTP method Open ended DC DC DC/open ended Open ended
% pos. WTP 41% 36.5% 65% 25-39% 45%
WTP value 10€ 65€ 40€ 27-61€ 35€
Forest size 5142 ha 20,000 ha 1,900,000 ha n.a. 126,000 ha

Source: own compilation.

Table 1.
WTP surveys about forest areas with mainly non-use values.

remainder had a true zero WTP. Indeed, recreational values of the evaluated forests
there are non-negligible, since the forests are popular tourist destinations [31].

Amirnejad et al. [32] conducted a CV in order to estimate the existence value of
north forests in Iran. By analyzing the answers from personal interviews of about 950
residents of Iran, the mean WTP for the protection of the forests was 30.12 US$ annu-
ally (corresponding to roughly 40€ in 2020), which is quite high considering that the
GDP per capita in Iran in 2004, when the interviews for this survey were conducted,
was only 2500 US$. However, the WTP values appear more valid when considering
that the sample is highly biased in terms of education and income. The rate of respon-
dents with a positive WTP is indicated with 65%, of whom 80% have already visited
the north forests of Iran. The rather high mean amount can at least partly be reasoned
by the survey design (talking about and showing pictures of the beauty of the forest
and of future scenarios of damage) and the double-bounded DC questionnaire, and
the occurrence of direct use values due to the high rate of visitors cannot be excluded.
Also an interviewer effect cannot be denied, since the WTP in personal interviews
usually is higher than in e-mail or mail surveys [36]. Furthermore, cultural conditions
in this country may have influenced the stated WTP positively [37].

Veisten and Navrud [33] analyzed the WTP for the protection of old forests in
Norway, a good nearly exclusively linked to passive-use values, using a mail survey
among 2498 people in Norway conducted in 1995. The efficient total sample and over-
all response rate were 1792 and 71.7% respectively. According to the payment question
format (open ended or dichotomous choice), estimated WTP values ranged from a
mean of 20.5 US$ to 41.6 US$ in form of a one-time payment to the WWF’s Forest
Fund. This corresponds to roughly 27€ to 61€ in 2020 with a rate of positive WTP of
29-46%. With an additional invoice for the stated WTP value, this value changed to
24-37% and a mean WTP value of 5% to 11$, corresponding roughly to 7€ and 14€
in 2020. These values indicate that CV values are not only sensitive to the question
format, but also to the scenario setting and the payment vehicle.
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Broberg [34] used contingent valuation to estimate the public benefit derived from
preserving 126,000 ha of state-owned old-growth forest in the sub-mountainous
region of Sweden. In this mail survey, the response rate was 49%. About 45% of
the 905 respondents had a positive WTP with an average of approximately SEK 300
(35€ in 2020) for the preservation program as an annual tax increase over the next 5
years. Males were significantly less likely to hold a positive WTP, and the likelihood
decreased with age for both, males and females. Education, income, and membership
in any environmental NGO were correlated positively with the likelihood of observ-
ing a positive WTP.

Table 1 provides an overview of the studies.

Although we searched broadly for comparable studies about environmental
objectives with a symbolic character, besides few direct use values, we did not find
any. Laplante et al. [38] surveyed the value of the Armenian lake Sevan for US
American Residents with Armenian origin. They asked 6000 people about their
willingness to participate in a mail survey, of which 1325 agreed to participate, but
only 389 returned a completed questionnaire. The WTP was surveyed in form of DC
as a one-time donation and led to a mean value between 80 US$ and 280 US$, which
corresponds to 47€-118€ nowadays. Most significant variables for the WTP were past
visits and the option of future visits of the lake. Thus, although the lake has a highly
symbolic character, use values seemed to be most important for the WTP.

Even though the population of Germany is known for its love of wild forests
[39, 40], there is currently no German study that explicitly addresses non-use values
of forests. Compared with the studies above, the Hambach Forest is rather small given
its size of only about 500 ha, and to almost all Germans, its value comprises passive-
use values only. Therefore, even though it may be ecologically valuable, it is hardly
comparable to the other evaluated woods and forests from an ecological point of
view. Instead, it is especially its symbolic character that makes it a highly interesting
research subject that justified its evaluation. Since no comparable situation analyzed
by an evaluation survey so far was found, our study is of highly explorative character.

3. Methods and procedure

According to the literature review, CVM proposed itself to be the method of
choice, since a high rate of existence value of the Hambach Forest was presumed for
the German population. Ideally, the surveyed sample corresponds to the distribution
of these variables across the basic population. In mail surveys, the sample selection
bias is usually stronger than in telephone or personal inquiries [41, 42], making the
latter more advisable as survey methods, although they are normally more expensive.
We therefore decided to conduct the survey via telephone with strong instructions
regarding the representativeness concerning age, gender, education, and place of
residence (federal state). Furthermore, questions regarding attitudes toward environ-
mental values and behavior, renewable and nonrenewable energy systems as well as
political issues were included in our questionnaire.

Moreover, protest responses occur regularly in environmental valuation surveys
[43]. They can be reduced by the survey design, however, since they are usually lower
when voluntary payment schemes are provided [44]. As a procedure, it appeared
useful in our case to contact participants personally following a random selection
scheme in order to guarantee the representativeness due to the self-selection bias of
online and mail surveys. Voluntary contributions to a fund seemed to be most adequate
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as a payment vehicle for several reasons: First, because of an expectedly high rate

of passive-use values, payment vehicles linked to a certain kind of use dropped out.
Second, due to a high level of politicization of the issue, a rather “neutral” instrument
for the protection of the forest seemed to be preferable to a tax, for example. Third,

the voluntary character of the payment scenario fit better to the climate protection
movement, since the latter is strongly characterized by the perception that “policy isn't
doing enough to fight climate change” and that it is instead the people who need to take
action now.

Therefore, the developed CV scenario was the following: “A bit over a year ago, the
Hambach Forest was prevalently in the media, because it was uncertain whether vast
parts of it should be cleared in favor of lignite mining and its electricity generation.
Assume that a private forest conservation initiative would be founded, which relies on
private donations to buy and maintain the forest, thereby preventing the lignite below
it from being mined. Would you be willing to donate to such an initiative?”” If respon-
dents answered with “yes,” they were asked to indicate their hypothetical donation
in Euros. Furthermore, based on the observed factors of relevance for the WTP from
the literature survey, we also included questions about attitudes and habits regarding
climate change, energy, and environmental issues, as well as the usual sociodemo-
graphic queries in our questionnaire.

The initial idea of our study was to conduct a cost-benefit analysis (CBA) under
consideration of the use- and non-use values evaluated by the CV as well as of
opportunity costs arising from the preservation of the forest for RWE and the region.
The intention was to provide a rather neutral perspective on the highly politicized
issue and support decision-makers in finding solutions by considering all aspects
adequately. However, only four weeks after the survey was conducted in December
2019, the German government decided the early coal phase-out, also proposing that
the preservation of the Hambach Forest should be guaranteed. Therefore, the focus of
our analysis was broadened from the evaluation of the forest as such to the assessment
of factors for a positive WTP for the Hambach Forest and the role of attitudes toward
different forms of energy generation. Since the CV was part of a bigger survey about
the German energy transition and the bioeconomy, questions regarding preferences
for power generation technologies, methods from the field of bioeconomy as well as
general attitudes regarding the environment were also included.

4, Results

The survey was conducted by a professional agency in December 2019. Altogether,
1,002 people participated in the telephone survey. Data obtained from the national
survey were analyzed using the statistical package IBM SPSS 19. The sample is almost
representative of the German population in terms of age, gender, education, and city
size and residence in the 12 German federal states. Regarding the number of people
per household, single households were underrepresented in our sample (27.9% as
compared with 41.9%), whereas households with two persons were overrepresented
(40% as compared with 33.8%) [45]. The household income was approximately
representative of the German population, with the restriction that 10% of the
respondents refused to answer this question. Accordingly, the lowest and the highest

3 Since the survey was conducted among the German population, the original language of the survey was
German.
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income classes are underrepresented in our survey, which is in line with the common
observation that people in extreme classes of income more often refuse to reveal their
household income [46].

4.1 Willingness to pay—yes or no

Altogether, 47.2% of the surveyed people stated to be willing to pay an amount
between 3€ and 1000€ for the preservation of the Hambach Forest. Furthermore,
49.7% answered the question about their WTP with “no,” and 3.1% refused to provide
an answer. In this case, a clear distinction between true zeros and protest zeros was
not possible, since we did not ask for the reasons based on which they would refuse
to pay. However, an indication for the occurrence of protest answer can be seen in the
fact that 20% of the survey participants who stated a WTP of zero refused the further
run of coal-fired power plants completely. For those with a positive WTP, the rate was
38%. According to a meta-analysis of Meyerhoff and Liebe [44], the mean share of
protest responses in CV surveys is about 18% with a median value of 16%. The share is
higher in scenarios with taxes or entrance fees as payment vehicle, and also the survey
method may have an impact with onsite-, web-, and phone surveys leading to a lower
share of protest zeros [44].

In order to observe differences between those with and those without a positive
WTP for the preservation of the forest, we excluded all participants who did not
answer this question with either “yes” or “no,” which resulted in a total of 971 cases.
We observed no differences regarding the WTP per se in terms of sociodemographic
aspects except that females were more likely to state a positive WTP than males
(p = .05). Highly significant differences between the two groups were observed for
revealed activities listed in question 5.2 (Table 2): “Which of the following did you
do within the last 12 months?” People with a positive WTP were much more likely to
confirm those. Correlation coefficients are calculated as Pearson’ 1, since the variables
were dichotomous (yes-no).

Participants with a positive WTP also favored nearly all surveyed aspects of a
renewable energies, including the application of biogas, biofuels, and renewables
in the industry, more than those who were not willing to pay. Those who stated
they were willing to pay rated themselves as more informed regarding the energy

Measurement Pearsonsr Significance
(a) Selective buying of regional food 185 .000

(b) Selective buying of packages made of renewable materials 247 .000

(c) Purchase of green electricity 164 .000

(d) Avoidance of packaging 185 .000

(e) Adaptation of the mobility behavior (e.g., to abandon the 234 .000

car or to use the bicycle more often)

(f) Purchase of bio-products 271 .000

(g) Carbon compensation (payment to a specific organization .079 .014

for carbon offsetting projects)

Source: own.

Table 2.
Correlation between reported pro-environmental behavior (Qs.2) and a positive WTP,
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transition. Furthermore, they had a more positive attitude toward solar energy,

wind turbines, water turbines, and energy from biomass. Accordingly, the same was
observed with a negative correlation for coal-fired and nuclear power generation.
Furthermore, they rated themselves as more informed regarding the coal phase-out.
All of those correlations were significant at the 0.01%]evel. No significant differences
between the two groups were found for attitudes toward conventional and noncon-
ventional natural gasoline.

Those who refused to answer the question whether they would be willing to pay
at all apparently have strong pro-environmental attitudes, even compared with those
who stated a positive WTP. For example, all of the 31 respondents from this category
answered Q5.2e whether they changed their mobility behavior, e.g., by taking more
often the bicycle instead the car, with “yes,” while around 65% of those with a posi-
tive and 42% with a negative WTP affirmed this question. A similar distribution was
observed for Q5.2d, whether respondents had consciously forgone packaging while
doing groceries during the last 12 months. Those who refused and those who stated
a positive WTP answered most other questions regarding attitudes and behavior
toward environmental issues similarly.

4.2 Willingness to pay: amount

For the analysis of the amount of the WTP, we omitted those 31 cases with no
answer as to whether they would be willing to pay. Of the 971 considered cases, 498
(51.3%) declined a willingness to pay. For further analyses, we treated these values
as true zeros, although it cannot be ruled out that, by doing so, protest zeros are
neglected. Therefore, the results should be considered a conservative estimate, and
real preferences might be higher. In a first step, we checked the theoretical valid-
ity of the stated amounts by analyzing some of the variables, such as the income
and attitudinal variables [47]. The mean WTP for all participants, including the
zero values, was 26.83€, and the most frequently stated positive value was 50€,
provided by 124 participants (12.8%). The mean WTP considering only positive
values was 55.08€, whereas about 10% of the sample had a WTP higher than 50€.
The highest stated amount was 1000€, expressed by three survey participants.
Since none of the three profiles provided an indication for unreliable values, due
to high income, high education, and a strong attitude toward environmental
issues, we did not exclude them from further analyses. The same correlations were
also checked for the whole sample. As expected, significant positive correlations
were observed between stated pro-environmental behavior of Q5.2 and the level
of income. Furthermore, also significant positive correlations were observed for
preferences for renewable energy technologies such as solar, wind, biomass, and
hydro, and negative correlations for coal power and nuclear engineering. Here,
again, no significant differences in attitudes regarding conventional and noncon-
ventional natural gas were found. People who rated themselves as more informed
regarding the coal phase-out also had a significantly higher WTP. When consider-
ing only cases with a positive WTP, no significant differences regarding prefer-
ences for energy technologies were observed. Regarding stated pro-environmental
behavior, only minor significant correlations were observed for the acquisition of
green energy Q5.2c (positively) and the adaptation of the mobility behavior Q5.2e
(negatively). Furthermore, people living in an owned house or flat, bigger house-
hold size, and higher income were linked to a significantly higher WTP. Although
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females had a significantly higher WTP overall, males with a positive WTP stated
significantly higher amounts.

4.3 Willingness to pay: extrapolation

Even though the Hambach Forest seems to no longer be immediately threatened
in the near future, an extrapolation of the stated WTP values is of high interest, for
example, in order to be able to compare the stated value to those of other natural
goods. As discussed, the estimation is rather conservative, since we did not exclude
potential protest zeros, which generally account for between 5% and 50% [43, 48].
Given the representative character of the survey for the German population, an
extrapolation of the mean value of 26.83€ for the full-age population of Germany,
which is about 67 million people [49], would result in roughly 1.8 billion € without
considering benefits for future generations and people outside of Germany. This
correlates to roughly 3.6 million € per ha. However, the following points may have led
to a higher estimated value:

¢ Protest zeros are not considered.

* Non-respondents hold above-average pro-environmental values in this case,
which could be an indication for a high estimation for the preservation of the
Hambach Forest, although they apparently would not or could not monetarize
their preferences.

* People with preferences for the scenario outside of Germany are not considered.

On the other hand, we did not provide the opportunity to state a quasi-negative
WTP for our scenario to account for the fact that people might also be willing to pay
in order to avoid the preservation of the Hambach Forest and favor instead the con-
tinuation of the original lignite mining plan. Just to compare these values, in North
Rhine-Westphalia, the prices for forest areas—mainly working forest—in 2020 range
from 10,000 to 30,000€ per ha according to a sales platform.

4.4 Willingness to pay: yes or no—a binary logistic regression

In order to generate an understanding of the importance of different factors
influencing the willingness or non-willingness to pay, we conducted a binary logistic
regression. Our hypotheses were that people with more pro-environmental behav-
ior, pro-environmental attitudes, preferences for fossil-free power generation, and
younger people are more willing to pay. Accordingly, attitudes toward the environ-
ment and energy technologies appeared to be important as impact factors, as well as
gender and age. We also tested both, schooling and vocational education, but neither
had significant impact on the dependent variable within the binary logistic regression
model and were thus left out (Table 3). Our final model consists of six variables and
considers 971 cases, representing roughly 97% of the sample. The remaining cases
were excluded due to missing values regarding the dependent variable. A check for
multicollinearity of the explaining variables showed no critical values. Using our
binary logistic regression model, the rate of correctly predicted values rose from
51.3% to 66.9%. The pseudo-R squared (Nagelkerke) is 0.207, which is “acceptable”

according to Backhaus et al. [50].
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B S.E. Wald df Sig. Exp(B)
Attitudes toward renewables Q2.1 a-d 300 112 7189 1 .007 1.350
Age (years) Q8.1.2 -.009 .004 4.078 1 .043 991
Gender (male) Q8.1.1 —.245 144 2.899 1 .089 783
Pro-environmental behavior Q5.2 371 .045 68.672 1 .000 1.449
Eco-centered conviction Q7.8.3 128 .051 6.375 1 .012 1.136
Attitude toward lignite Q2.1e —-.156 .043 12.953 1 .000 .856
Constant -1.397 .398 12.350 1 .000 247

B: coefficient for the standard; S.E.: standard error for the coefficient around the constant; Wald: Wald Chi Square
statistics; df: degree of freedom for the Wald Chi Square test; Exp (B): exponentiation of B coefficient, which is an odds
ratio. Source: own.

Table 3.
Parameter estimate of the binary logistic regression.

Table 3 illustrates the influence of nearly each predictor variable, except gender,
to the logistic model and the statistical significance (p < .05) of the Wald Chi Square
test, which is obtained by squaring the ratio of the regression coefficient (B) to
its standard error (S.E.). According to our analysis, the stated pro-environmental
behavior, which normally correlates with strong pro-environmental attitudes, has the
strongest impact on the WTP. This observation is not surprising, and this strong rela-
tionship has been shown by various studies (e.g., [51, 52]). The Odds Ratio (Exp(B))
indicates that, if the stated pro-environmental behavior increases by one unit, the
probability to state a positive WTP increases by roughly 45%. The second largest
impact factor is the attitude toward renewable energies (solar, wind, hydro, and bio-
mass), which is also correlated significantly with stated pro-environmental behavior;
an increase of one unit here implicates an increase of probability by 35%. This obser-
vation supports the assumption that not only values of the forest, but also a favor for
the energy transition may have played a role in the decision to state a positive WTP.
Further, an eco-centered conviction, measured by a statement regarding the percep-
tion of the vulnerability of the earth (Q7.8.3), has a clear positive impact on the WTP,
although it is comparatively small. The acceptance of the use of lignite as an energy
source (Q2.1e), instead, has a negative impact on the WTP; an increase by one unit
of acceptance implies a decrease of roughly 14% in the probability to state a positive
WTP. A negative impact on the probability to state a positive WTP can be observed
for age and being male, although on a rather low level of significance. According to
the literature, no general impact of gender on the WTP for environmental goods can
be observed, since other factors such as attitudes, education, or income are generally
more important [53]. However, a recent survey found that females probably are more
pro-environmental in both Germany and the Netherlands [54]. By separating age
from other factors, sometimes a negative impact can be observed, which means that
older people are less willing to pay for environmental issues [53]. In these regards, our
results are thus in line with previous findings.

4.5 Willingness to pay—ordinary least squares (OLS) regression analysis

In order to detect significant impact factors on the stated monetary values for the
protection of the Hambach Forest, we conducted an OLS regression analysis. The
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dependent variable, the stated amount of those willing to pay, was rather log-normal
than normally distributed. Therefore, we logarithmized the dependent variable and
applied a semi-log model. The following explanatory variables were considered:

* stated behavior regarding the environment (Q5.2),

* household income (Q8.6),

« age (Q8.1.2),

* gender (Q8.1.1),

o stated preferences for the renewables (Q2.1),

* attitudes toward lignite (Q2.1e),

* trustin the national and federal government (Q6.1a and Q6.1b),

* political party, which was chosen during the national election in 2017 (Q7.3),

* satisfaction with the way political decisions are conducted in Germany (Q7.4),
* perception of the vulnerability of the earth (Q7.8¢).

However, only a very low rate of explained variation with an R* of .081 and a
corrected R? of .057 could be reached using an OLS regression approach. The results
are displayed in Table 4. No more than three variables with significant impact on
the stated amount of the WTP were observed: gender (p = .01), household income
(p = .001), and the degree of agreement with statement Q7.8c about the vulner-
ability of the earth (p = .05). As generally the case in CVs, household income has a
positive effect on the WTP: the higher the income, the more easily people can afford
to pay for environmental goods and services. Compared with the other variables,
income had the strongest impact on the WTP, but only when considering the aver-
age household income. In other models, when per-capita income was considered the
explaining variable, no significant impact was observable. Furthermore, in our case
also being male had a positive impact on the WTP. It is important to note that males
had a significantly higher household income in our survey. However, testing for
collinearity did not reveal problematic values. Finally, the impact of perceived higher
vulnerability of the earth on the WTP can be considered as an indicator for a higher
estimation of existence values as well as fears of losses of environmental goods and
services. Stronger agreement with this statement normally goes along with a more
nature-centered point of view, which also could explain a higher WTP. The low rate
of explained variation leads to the assumption that other factors, which we did not
consider in our survey, may be of strong relevance for the stated amount. Imaginable
are issues regarding personal budget constraints, a general estimation of woods and
forests, or dissatisfaction with climate policies, as well as embedding effects resulting
from our payment scenario. Alternatively, the group of respondents with a positive
WTP is more homogeneous regarding attitudinal values compared with the same
values over all respondents, as an analysis of variance showed.
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Modell Non-standardized Standardized T Sig.
coefficients coefficients

Regression Standard Beta

coefficient B error
Constant 2401 434 5.531 .000
Attitude toward lignite Q2.1e .031 .030 .051 1.021 .308
Trust in the national -.027 .047 —.049 —-.570 .569
government Q6.1a
Trust in the federal .069 .049 120 1415 158
government Q6.1b
Perception of the vulnerability .088 .035 124 2.512 .012
of the earth Q7.8¢c
Age (years) Q8.1.2 .003 .003 .054 1.085 279
Summary of pro- .001 .032 .002 .045 964

environmental behavior Q5.2

Summary of attitudes toward -.001 .056 -.001 -.010 992
solar power, wind power,
water power, and energy from

biomass Q2.1

Voted the Green party at the .087 119 .036 726 468
last national election Q7.3

Gender: Male Q8.1.1 272 .097 137 2.793 .005
Household income Q8.6 .000 .000 184 3.799 .000
Attitude toward the end of -.143 .097 -.077 -1.470 142
lignite mining Q4.3

“Dependent Variable: LogNormal_0_WTP.
Source: own.

Table 4.
Parameter estimate of the OLS regression.

5. Discussion

Striking outcome of our survey results is that, against our expectations, no clear
differences in the results were found compared with earlier surveys about stated WTP
values of forests. All of the results are more or less in line with previous findings about
values for environmental goods [20, 55]. This is especially interesting, since in this case
nearly exclusively existence values are of relevance, whereas the other cited surveys
mostly consider also direct use values. Kristrém [56] found that respondents who
expressed only a use motive stated a higher WTP on average than respondents stating
only a non-use motive. Those who expressed both, use and non-use motives, stated
the highest WTP. Since the stated values here are quite similar to those of the other
cases described in the literature review section, this may be seen as an indicator for the
existence of a premium for a symbolic value on top of already known non-use values.
The variable with the highest impact on the WTP was income, which can be inter-
preted as an indicator for reliability of the stated amounts [57]. However, in contrast
to most other surveys about environmental goods, this time only passive-use values

135



Sustainable Rural Development Perspective and Global Challenges

were of relevance. Further, the area of the Hambach Forest is rather small compared
with other woods and forests evaluated so far. Thus, WTP values referring to the area
lead to an exceptionally high value compared with previous surveys [20] based on
passive-use values only. There is a long-lasting discussion about the sensitivity of scope
in contingent valuation surveys [55, 58-65]. Inconsistencies are quite often a result of
a lack of spatial sense: only a minority has a clear image of, e.g., 10,000 ha or 50,000
cormorants. However, in cases where existence values dominate over use values, scope
is usually of minor relevance for the stated WTP [61, 63]. Lindhjem [35] found ina
meta-analysis of Scandinavian WTP surveys for woods and forests only minor scope
effects, whereas he argues that woods and forests are complex environmental goods,
and simplified indicators such as area size or percentage may not easily capture their
scope. Hjerpe et al. [63], in contrast, found that individuals are typically sensitive to
the scope of ecosystem service provision, in both quality and quantity. Also Ojea and
Loureiro [65] found that CV results are sensitive to the scope of the good being valued,
but the results depend on how the environmental change is measured: absolute sizes
are preferable over relative ones. Further, Barrio and Loureiro [55] found out that,
among others, recreational aspects play an important role for the WTP of people for
the preservation of forests. It is therefore possible that the following two effects might
have led to “normal” WTP values in our case: the nearly total absence of direct use
values might have lowered the WTP for the Hambach Forest, whereas the threat of a
drastic change in form of a complete annihilation might have had an opposite effect.
Further, the already mentioned symbolic value is reflected in the stated WTP values.
Regarding the results from the regression analyses, the remarkable difference in
the rate of explained variance is astonishing: while the decision to be willing to pay
or not could reach an acceptable level of explained variance by a regression model,
the explained variance for the stated amount remained on a low level. This means
that some underlying factors seem to exist, which are not covered by the survey.
Imaginable are attitudes toward the procedure of the policy administration in this
case, which initiated a strong and disproportionate police operation, in which the
Hambach Forest should be freed from occupants and thus also be prepared for a quick
clearance, in case of need. Another possible explanation may be a considerable rate
of protest responses in our survey. Furthermore, in the view of parts of the popula-
tion, RWE is often portrayed as voracious based on the fact that it is responsible for
having already effaced the largest part of the Hambach Forest and for planning to
annihilate it completely. Therefore, the will to contribute to a fund, which prevents
the complete annihilation of the forest, may also result from a desire to stop RWE in
following its operating plan. The concern of climate change and its mitigation may
have played an additional role, since 2018 and 2019 were the first and the third hottest
year in Germany since the beginning of the weather recordkeeping. Furthermore, this
development was accompanied by the Fridays for Future movement initiated by Greta
Thunberg and may thus also have contributed to the wish to combat climate change.
Altogether, an interplay of different influencing factors on an individual basis seems
to have led to the rather low level of explained variance of the stated WTP values.

6. Conclusions

We conducted a representative CV survey within the German population in order
to find out whether there is a symbolic value of the Hambach Forest. It is a remark-
able statement for the preservation of the Hambach Forest that at least 47% of the
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respondents stated a positive WTP, considering that the forest does not provide any
direct use values to almost all of the surveyed people. The mean value of the positive
WTP was rather high with 55.08€, whereas the standard deviation of the stated values
with about 76€ indicates considerable differences regarding attitude and estimation
toward the Hambach Forest. Due to the almost complete absence of use values, the
stated WTP can be seen as a premium for the existence of the Hambach Forest and as
a vote against political decisions regarding lignite mining operation, climate protec-
tion, and the acceptance of coal fired power plants, as our regression analyses showed.
Further, since the Hambach Forest provides nearly exclusively passive use values, and
the WTP values are at least at the same level as in previous surveys with larger forests
comprising also direct use values, this can be considered an indication for a premium
for its symbolic value. Not least the strong media coverage with very different views
reflects the broad spectrum of attitudes toward the Hambach Forest. People who

are trying to act more environmentally benign also were significantly more likely

to be willing to pay for the preservation of the Hambach Forest. Furthermore, their
attitudes toward renewable energies were significantly more positive compared with
those without a positive WTP. The symbolic status of the Hambach Forest can be
characterized by opposites. For those who rather support the protests, the contrasts
might be nature—destruction, climate protection—climate catastrophe, small (popu-
lation)—big (RWE and provincial government), commons/common welfare—greed/
profit. For those who are rather critical toward the protests, the case may represent
the defense of jobs, welfare, law, and order against chaos, cadgers, and violent
anarchists. Thus, a stated positive WTP can be an indicator for the self-identification
of the respondents, whereas due to the unknown rate of protest zeros, the opposite is
not so easy to state. A more in-depth analysis would be needed in order to answer the
question about the motives of the respondents more profoundly.

Through our survey, we were able to show that the Hambach Forest holds a high
valuation among the German population, which is nearly exclusively based on
non-use values only, in which a premium for its symbolic value might be included.
Considering the results of the CV question and bearing in mind that there is probably
a non-negligible proportion of protest zeros, the valuation of the forest as a symbol
against climate change is remarkable and should be considered in future political
decisions. Especially for the background of the European Green Deal, which means
that the European Union aims to become the world’s first “climate-neutral bloc” by
2050, these values might be understood as a hint for people’s support of an ambitious
environmental and climate policy.
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The Dynamics of Taro
(Colocasia esculenta) through
Value Chain Analysis and Crop
Accounting in Partido District,
Camarines Sur, the Philippines
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Abstract

This paper scrutinizes and evaluates the value chain of taro in Partido district,
Camarines Sur, the Philippines. Taro (Colocasia Esculenta) is rich in carbohydrates
and also a good replacement for wheat flour. However, it is well-known to farmers for
its ability to produce a reasonable yield in poor soil conditions with less or no farm
inputs. It is this reason why Taro is often grown by resource-limited farmers and
regarded as a good source of food security. To tap its full potential, this study was
conducted to understand and analyze the flow of Taro. This study employed partici-
patory techniques, crop accounting, and financial analysis. The Taro value chain has
varied gender roles, according to this study. It also highlighted why, despite having
a choice, farmers frequently chose the less profitable transaction path. It also solved
the mystery of low productivity in this locale as compared with the national produc-
tion. The results also showed the cost build-up of Taro and the profitability of each
player in the chain. Farmers usually end up at a 22% profit-to-cost ratio by selling the
harvest to the middleman, while sellers usually end up at a 47% profit-to-cost ratio.
The existing entry barriers in each chain were also identified with the researchers’
recommendations on how to possibly eliminate or mitigate them. This extensive
analysis can be valuable to stakeholders in the Taro value chain in the area, as well as
government entity and non-governmental organizations in developing initiatives or
projects on behalf of the players.

Keywords: Taro, value chain analysis, crop accounting, productivity, the Philippines

1. Introduction

Taro (Colocasia Esculenta), locally known as Natong or Linsa, is the most widely
cultivated species of several plants in the Araceae family. It is thought to be native to
Southern India and Southeast Asia but is widely naturalized [1-4]. The majority of taro
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research has focused on its anatomy, biology, and physiology. As a result, a wide spec-
trum of taro value chain evaluations, including agricultural accounting and financial
analysis, is required. Other value chain players, such as intermediaries, processors, and
sellers were included in this analysis to account for the dynamics of the value chain
beyond the hands of the farmers. Furthermore, no research on the taro value chain
has ever been done in this exact location, making this study even more unique and
significant.

The term “value chain” refers to a series of activities through which items move
in order and gain value at each stage [5-7]. It encompasses the entire range of opera-
tions from production to consumption [8]. Taro is a tropical perennial plant that is
primarily farmed for its edible starchy corm and as a leaf vegetable. It’s a common
food in African, Oceanic, and Indian cultures, and it’s said to be one of the first
cultivated plants [9]. The plant can be used as a sweetener in beverages, candies, and
pastries, and can also be used as a substitute for wheat flour. It’s also a resilient crop
that provides farmers with a steady income. It’s one of the few staple crops that can be
farmed on a small budget and in difficult conditions where other crops would fail. In
the tropical zone, it is also high in carbohydrates and a good source of calories.

The Philippines’ taro plantation area is shrinking, with a total size of 14,992.84
hectares as of 2020. However, in Camarines Sur, where the Partido district is
located, the area of plantation remains nearly constant at 281 hectares. In terms of
taro production in the country, it is normally declining, although it grew in 2020 to
107,422.18 tons. The production of taro in Camarines Sur is dropping, with a total of
2,433.53 tons, and the province ranks second in the Bicol area after Albay. Taro output
in the Bicol region is relatively low and limited in comparison to other regions and
provinces. From 2015 to 2020, the farmgate price of taro in the Philippines is PhP15-
25.00, whereas it is PhP16-26 in Camarines Sur. From 2014 to 2020, the retail price of
taro in the Philippines is PhP29-49.00, while it is PhP42.00-48.00 in the province of
Camarines Sur [10, 11]. Currently, there is no specific policy in the country in general
or in the district in particular regarding the potential expansion of taro production.
As aresult, the goal of this study was to produce data that could be used as input for
efficient and productive taro cultivation and distribution throughout the district.
Achieve long-term productivity and sustainability, it is also in consonance with the
UN Sustainable Development Goals (SDF), specifically Goal No. 1 No Poverty and
Goal No. 2 Zero Hunger. It may also be indirectly related to Goal No. 12 Responsible
Consumption and Production [9]. In Asia, taro cultivation is important because the
crop serves as a staple food that ends the hunger of many households. In Oceania, taro
cultivation is important because it plays a significant role in the national food secu-
rity that alleviates poverty. In the Pacific islands, taro cultivation draws substantial
attention on cultural aspects and socio-economic dominance [12-16]. Taro cultivation
is important in Solomon Island because it is part of daily diet and custom [17]. In
the Philippines, the plant is vital as a source of food and is also being cultivated for
domestic purposes [18-20]. According to the UN Food and Agriculture Organization
2018, taro cultivation increases food security and enhances the livelihood of low-
income households amidst climate change when sustainable utilization and conserva-
tion of the crop are made. Taro is an agricultural crop that can greatly contribute to
gross value added in agriculture of a country when utilized properly [21]. The output
of the study aims to eliminate poverty and reduce hunger in the district through
the efficient utilization and production of taro. Considering the foregoing, value
chain analysis is needed to understand how these potentials and contributions to the
economy travel from their origins to the market.
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2. Research methods
2.1 Materials

The analysis was carried out in 2020, during the emergence of CoVid-19 in the
region but before the impact of three major typhoons that hit the region in the same
year, destroying taro output severely.

Key informant interviews (KII) and focus group discussions (FGD) were under-
taken in order to acquire primary data. Furthermore, document review was oriented
to collect extensive data that might be used to compare study findings to current
assertions on a certain issue. Because there are no existing records of taro players in
the Partido district, a purposive technique using snowball sampling was utilized to
find the responders.

The investigation includes every recognized, operational, and identifiable entity
of farmers, merchants, and middlemen. Ten producers (planters/farmers), seven
middlemen and processors, and twelve sellers of the commodity responded. Other
major informants who contributed significantly to the study’s completion were
Municipal Agriculturists, Local Government Unit (LGU) officials, Department of
Trade and Industry (DTI) employees, and Department of Agriculture (DA) officers.
In order to collect data, the researcher employed a structured questionnaire as the
major tool.

The preliminary inquiry was first carried out in conjunction with the Municipal
Mayor’s Office in several municipalities within the Partido area. The researcher
worked with several officials to find the respondents after determining possible
barangays. Crop accounting spreadsheets were used to construct summaries of
pertinent accounting information using Stata and Excel.

2.2 Methods

To evaluate the roles and relationship dynamics of participants in the network,
a value chain analysis and value chain mapping were conducted. Crop accounting
techniques were utilized to assess, account for, and examine productivity, logistics,
and marketing costs, value-added, and returns.

The profitability of total activity in each chain was determined using the Return
on Revenue (ROR) method. It calculated the association between net income and
revenue generated by the activity. The Gross Profit Rate (GPR) was computed to
examine the link between cost of sales and gross revenue in determining the degree
of company risk. The Cost to Revenue Ratio (EC/R) was calculated to examine each
player’s expected income in a certain transaction chain.

Furthermore, the profit-to-cost ratio was utilized to analyze the overall attractive-
ness of the activity by measuring the interaction between the profit generated and
the costs expended. The value-added in each chain was computed to determine the
activity’s liquidity.

The equations and formulae below were used [22]:

Gross Sales = Quantity Sold x Unit price; 1)

Cost of Goods Sold = Direct Materials + Direct Labor
+ Variable Overhead Costs + Fixed Overhead Costs; 2)
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Gross Margin (in pesos) = Sales — Cost of Goods Sold;and 3)
Gross Margin Percentage = Gross Margin / Sales x 100; 4)
Value Added (VA) = Costs incurred - selling price; 5)
ROR = netir'wome ; 6)

gVOSSZnCOme
GPR = grossincome ; 7)

grossrevenue

EC _ TotalExpenses

; (8)
R grossrevenue
Profit
ProfittoCostRatio = rofi . ©))
Costs

3. Results and discussion

3.1 Socio-demographic profile of each player and level of involvement of farmers
in the taro value chain in Partido district, the Philippines

The table shows that the average age of the farmers is 55.3 years old and that the
majority are in the age bracket of 41-50. As compared with the result of the PSA study
which revealed an average age of 48, it can be interpreted that this study does not
present any notable difference against the PSA’ as far as age is concerned. The average
age for middlemen/processors and sellers is 42 and 52.70, respectively and the major-
ity of the respondents are also in the bracket of 41-50. Table 1 also shows that 60%
percent of the farmers are male, 85% of middlemen are male and 58% of the sellers

Profiles Taro farmers Taro middlemen & processors Taro sellers
Count of entity 10 7 12
Gender Male Male Female
Marital status Married Married Married
Average age 55.3 42 52.75
Average monthly family 9,800.00 13,400.00 15,625.00
income (PhP)
Family size 7 8 6
Highest educational High School High School High School
background

Table1.

Players in the taro value chain’s socio-demographic characteristics (Partido district, the Philippines).
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are female which reflects the different gender roles in production and marketing. The
findings of the study are congruent with the results as corroborated in Cassava post-
harvest systems. Women are responsible for marketing while men are responsible for
farming [23]. However, this study does not deal with the issues about gender involve-
ment in technology along with the VC, specifically the level of gender involvement in
Taro processing when commercialization and mechanization increase.

The level of farmers’ income was found below the country’s poverty threshold
(5.41 x Php 1,813 = PhP9,800) while sellers’ income hovers above the threshold
(8.25 x Php 1,813 = Php 14, 957 & 8.618 x 1,813 = 15,625). It indicates that taro farmers
are resource-limited which a typical scenario is because taro can be grown with less
or no farm inputs [14]. On the other hand, taro sellers live slightly above the poverty
threshold. It’s also worth noting that both actors have significantly more family
members than the country’s average household size of 5.2 individuals. Both players
have the same civil status and educational attainment model classes.

3.2 Identification of value chain characteristics pertaining to the relationships of
participants from farmers to purchasers using farm to market analysis

Farmers, middlemen/processors, and sellers make up the Taro VC in Partido,
Camarines Sur. The sellers’ prices are frequently cheaper than the middlemen’. The
majority of farmers sold their produce to the intermediary since it was profitable and
the crop is perishable. Fresh taro tubers decay in 2 to 3 weeks, therefore selling it ata
lesser price but in bulk is preferable to selling it (to sellers) at a much higher price but
in pieces. Unlike the farmer-to-intermediary value chain, where only the middleman
determines the price, the seller-to-market value chain contains a number of variables
that might influence Taro’s price.

3.3 Profitability and liquidity of the players through crop accounting
and financial analysis

3.3.1 Costs and returns of taro farmers

Based on transaction path 3 and 4 (please refer to Figure 1), switching buyer from
middleman to seller will yield a substantially greater profit; that is, from 3.395 to 9.651
profit-to-cost ratio. However, other factors are present such as bulkiness of harvest,
which it is likely that great portion of the harvest will not be sold and set aside to rot.
The resulting loss to farmers can likely outweigh the benefit of a higher price. This
provides little or no options to farmers but to sell it to middlemen even though it will
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Figure 1.
Distinct taro value chain transaction paths in partido district, the Philippines.
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Items Per hectare Per farm Per Kg. Cost/ Percentage
kg.

Quantity Unit Value (P)

Production 727732 kg. 25,526.655 67,262.737 35.077

Area harvested
2.64 hac.

EXPENSES

Materials
(Input Stage)

Planting 314.253 828.056 0.432
Materials

Fertilizers 15.275 40.250 0.021 0.453 6%

Labor -
(Production
Stage)

Hired Labor 3,276.630 8,633.919 4.503

Rentals 610.859 1,609.614 0.839
- Machinery

Rentals 283.882 748.028 0.390 5732 74%
- Animals

Others -
(Production
Stage)

Land Rentals 217.263 572488 0.299 0.080 1%

Transportation (Logistics Stage) -

Transportation of Materials (to Farm) 25.021 65.929 0.034 0.034 0%
Transportation of Harvest (Farm to 1,064.948 2,806.138 1463 1463 19%
Coop)
Total Expenses 5,808.130 15,304.422 7981 7763 100%
Gross Returns 25,526.655 67,262.737 35.077 35.077 439%
Net Returns 19,718.525 51,958.314 27.096 27314
Net Profit to 3.395 3.395 3.395 3.519
Cost Ratio

Table 2.

Average production costs and returns of taro farmers (Partido district, the Philippines).

result to, if not loss, lesser profit. It implies that in Figure 1, transaction paths 2, 3,
and 4 are more profitable to farmers, yet they often choose transaction path 1.

The study also revealed that farm production averages 2,727.730 kilograms per
hectare, which is too far below the quantity a result of the study conducted by
PSA. This could be due to the non-application of organic fertilizer [14]. In fact, the
respondent with the highest production per hectare was the only one using fertilizer.
It is followed by the two respondents having the highest time spent per week in Taro
farming (Table 2).

Taro sellers, on the other hand, exhibit a reasonable profit of Php39.218 per kilo-
gram of Taro tubers or 9.56 margin-to-cost ratio. It can also be noted in the figure that

150



The Dynamics of Taro (Colocasia esculenta) through Value Chain Analysis and Crop...
DOI: http://dx.doi.org/10.5772/intechopen.106853

Items Sales/quarter Perkg. Cost/kg. Percentage
(®)

Production 17,106.030 45.000

Average sale per quarter: kg. 280.134

EXPENSES

Direct Materials (Input Stage)

Taro Tubers 1,103.728 3.940 3.940 68%
Marketing Costs (Marketing - -
Stage)
Rentals - Place of Operation 27.033 0.097
Pasada 20.465 0.073
Payment to Municipal Office 71.006 0.253 0.423 7%
Transportation (Logistics - -
Stage)
Transportation of Harvest 397579 1.419 1.419 25%
(Farm to Seller)
Total Expenses 1,619.812 5.782 5.782 100%
Gross Returns 17,106.030 45.000 778%
Net Returns 15,486.218 39.218
Net Profit to Cost Ratio 9.561 6.782

Table 3.

Average production costs and returns of sellers (Partido district, the Philippines).

logistics, a non-value-adding activity, takes up much of the portion of the total cost
for farmers and sellers. This is due to the bulkiness and low value of Taro tubers which
cannot take substantial expenses without suffering a net loss.

3.3.2 Costs and returns of taro sellers

Taro merchants, on the other hand, appear to maximize profit, earning PhP24.38
per kilogram of taro produce, or 303% gross returns. Farmers have the largest gross
returns, followed by sellers, processors, and intermediaries, according to the prior
and subsequent financial statements. Furthermore, it appears that taro intermediar-
ies do not necessarily advance in the district, thus the actors are mostly farmers and
merchants. Middlemen must outsource and transact other root crops or agricultural
items other than taro since their revenues are lesser (Table 3).

3.4 Taro value chain diagram

According to Figure 2, farmers typically engage with two types of traders: sellers,
processors, and intermediaries. There have been instances where they have sold it
straight to customers; however, this occurs seldom and in extremely little quantities.
Sellers, on the other hand, can sell it directly to customers or to food processors,
depending on the price agreed upon. This is most common in the markets of central
Goa, San Jose, Tigaon, and Lagonoy, where marketing activities take place twice
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Figure 2.
Diagram of the Taro value chain in the Partido District, the Philippines.

a week. Taro processing begins when taro is sold to a customer or a food processor, as
indicated by the dark green part of the map.

During the data collection, it was discovered that the intermediary was acting
in two roles: as an assembler and as a processor. Farmers sell raw Taros, which are
then processed into food and/or culinary additives. Taro is transported from the
farm to the storage facility using the middleman’s vehicle. Granulation is the process
of cutting tubers into little pieces using a granulating machine. Then it’s dried for
2 to 3 days on a drying pavement or in a drying facility. It is sold to a feed processor
outside of the Municipality of Goa after processing, as indicated by the gray part of
the map.

The distribution of Taro in Partido, Camarines Sur is also depicted in Figure 1 as
transaction pathways. The main line of the local Taro value chain, Transaction Path
1, provides minimal returns to growers. The most profitable transaction paths for
farmers are 2, 3, and 4, with path 2 being the longest and least sorted. Sellers, on the
other hand, have three options: transaction 2, 3, or 4, all of which give an acceptable
and equal return.

3.5 The taro value chain’s assets, liabilities, interest, revenue, and costs

In a structured interview by the researchers with the respondents of this study, the
only accounts they recognized for the asset section are cash, receivables, machinery
and equipment, loan receivables, supplies, and furniture and fixture. For the liability
section, accounts payable only. For the equity section, they have an unrestricted fund
which they used in farming operations or in selling activities, they also recognized
expenses (outflows), such as transportation expense/logistics, expenses, miscel-
laneous expenses, rentals, registration expenses, fertilizers expenses, and tubers
expense. They only have sales income for income/revenues (inflow). They do not,
however, account for non-cash expenses, hence depreciation was calculated using the
straight-line approach rather than the diminishing balance method. Crop accounting
analysis was used to assess all of the accounts concerned.
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3.6 Existing taro value chain entry constraints

Since the location is located in the Philippines’ super typhoon capital zone,
typhoons are the natural entry barriers. Most of the farmers claimed that they have
lower production than the previous harvest. They attributed it to the poor soil condi-
tion which is typical to the Taro farmlands when the soils are not properly managed
or used. This study revealed that all of the respondents employ conventional tillage
which is not a sustainable farming practice and can adversely affect Taro production.
This practice can increase the initial year of farm production; however, it destroys
the soil composition and kills the microorganisms, which nourishes Taro in times of
nutrient depletion, by exposing it to the scorching sun [14].

Most of the farmers also identified the lack of capital as their major difficulty
in farming Taro. This also resulted in a lower farm yield because of the inability to
buy the necessary farm inputs. As stated earlier, only one respondent used fertilizer
and produced the highest yield. It is due to the fact that, in addition to its ability to
produce a reasonable yield on low-fertility soils, Taro responds very well to fertiliza-
tion. Being aware of their capital deficiency, most of the respondents recommended
financial support as a key to improving their Taro production.

Farmers also complained that the low price of the product is their major marketing
difficulty. This finding is in consonance with the study conducted and data provided
by authoritative agencies [24, 25]. On the other hand, sellers complained that instabil-
ity of price is their major difficulty in marketing Taro. It is primarily due to several
factors that can lead to price determination. However, their recommendation was on
the provision of a proper place of operation. Sellers in the market have no permanent
location and have to find their own place every time they want to sell goods. They
usually conduct their marketing activities under their makeshift tents which poses a
big problem when bad weather comes.

3.7 Assess the accounting practices applied by each player in the value chain.

In this part, the researcher determined whether the players maintained financial
records of their transactions, the books being maintained, and the time basis for
keeping a record. It also includes the accounting method used in recording, the
accounting system, the bookkeeping system, the financial statements being prepared,
and the time interval in preparing the financial report. Apparently, most of the
players are not keeping accounts or financial transactions. They simply record their
income and expenses but they did not keep this record in the long run.

3.8 Propose accounting enhancement program for different players of the value
chain for University Extension

Necessary mechanisms should be proposed to improve the recordkeeping and
financial reporting practices of the players. Based on the documentary analysis, most
respondents are not maintaining financial records. Thus, accounting enhancement pro-
gram for different players in the value chain is proposed. It is proposed by the researcher
to maintain book of accounts because chronological records of transactions that explain
economic event happening in the organization will be monitored, the accounts being
affected and the amount of it. They also need to maintain general ledger because it is the
master set of accounts that summarized all transactions occurring within the organiza-
tion. However, the balance between cost and benefit should be considered.
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4, Conclusions

Those who live below the poverty line usually engage in taro farming, while those
who live just over the poverty line mainly engage in marketing. Men are associ-
ated with manufacturing, whereas women are associated with marketing. Farmers
frequently choose the less profitable transaction path due to the perishability of the
crop. Agriculture and processing technology are both deficient and unavailable. It
is consequently advised that the governments and NGOs’ efforts and activities for
farmers to achieve higher production levels be shifted. Low production indicates that
the taro industry in the Partido district is not being fully utilized. As a result, govern-
ment funding should be made available to help farmers obtain the farm supplies they
need to increase productivity. Apart from that, it may be deduced that logistics, as a
non-value-adding component, has reduced returns while providing no advantages. As
aresult, a technical mechanism can lower or eliminate non-value-added costs.

Crop accounting is based on past expenses, but it does not account for the impli-
cations of imputed costs. As a result, it is suggested that a study be conducted that
includes family labor. Another suggestion is to provide transportation infrastructure
and amenities, as inefficiency in logistics is difficult for the chain’s players to pay. The
farmers advocated for financial assistance and the provision of processing machinery,
while the sellers advocated for an appropriate operating location and training work-
shops. In the creation and implementation of government policies and NGOs’ initia-
tives, entry barriers should be considered. Players’ financial accounts are not kept up
to date. As a result, it is strongly advised that participants keep financial records using
simple bookkeeping. The institution may offer an accounting upgrading program to
aid the players with their recordkeeping procedures.
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Chapter 9

Building New Rural Areas in
Vietnam

Nguyen Hay, Le Quang Huy and Pham Van Kien

Abstract

The study focused on the orientations of building sustainable new rural areas
associated with urbanization. This was very necessary, in order to develop a concen-
trated, commodity agriculture and to form residential areas and infrastructure, which
were suitable to the process of industrialization and modernization of agriculture
and rural areas. The agricultural sector was restructured, and the living conditions of
rural people were improved close to those in urban areas. The project of the National
Target Program on building new rural areas in Vietnam was analyzed. The program
has achieved many expected results. In which, the construction of new rural areas
has achieved great achievements. The basic socioeconomic infrastructure in the rural
areas was strengthened in a synchronous direction. The sustainable development of
the rural economy was in the direction of increasing added values and raised people’s
incomes and gradually narrowed the gap between rural and urban areas. The work of
landscape construction, implementation of environmental sanitation had a remark-
able change.

Keywords: new rural areas, infrastructure, industrialization, national target program,
socioeconomic, sustainable development

1. Introduction
1.1 Some concepts of new rural area construction
1.1.1 The concept of new rural area

A new rural area is a modern civilized rural area but still retains the traditional
beauty. New rural area is the result of a new strategic-oriented rural development
process, meeting new economic, social, environmental, and institutional develop-
ment requirements in rural area under specific conditions of each rural area [1]. The
new rural area is expressed through the following basic contents:

* The people’s material, cultural, and spiritual life of people in rural area is con-
stantly improved, which gradually reduces the gap between rural and urban areas.

* A rural area has spacious and civilized villages with modern and synchronous
infrastructure, developed according to the planning to ensure favorable conditions
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for production and daily life of rural residents, combined between agriculture and
industry, services and cities.

* A rural area has reasonable economic structure, comprehensive development.
The economic fields are developed toward efficient and sustainable production
of goods. Farmers are trained, absorbed advanced technical engineering.

* A stable rural area is clean, beautiful, and the ecological environment is pro-
tected. The political security and social order remain.

1.1.2 New rural avea construction with the goal of sustainable development

The criteria reflecting the sustainable development goals in Vietnam rural area
cover all economic, social, and environmental aspects [2] as below:

* Economical sustainable development is fast, safe, and qualitative development.
One sustainable economy needs to meet the following requirements: (i) having
high GDP growth and GDP per capita; (ii) GDP structure is a criterion of
evaluating economic sustainable development; (iii) economic growth must be
growth with high efficiency and the growth with safe environment.

* Social sustainable development is assessed by criteria such as: HDI (Human
Development Index), income equality coefficient, indicators on education,
health, social welfare, cultural enjoyment. In addition, social sustainability is the
guarantee of a harmonious social life; there is equality between social classes,
gender equality; the gap between richness and poorness is not too high and tends
to be small; the difference of life between regions is not large.

* Sustainable development on the environment includes: (i) effectively using
resources, especially nonrenewable resources; (ii) development does not exceed
the load-bearing threshold of the ecosystem; (iii) protecting biodiversity and
ozone layer; (iv) controlling and reducing greenhouse gas emissions; (v) pro-
tecting sensitive ecosystems; (vi) minimizing discharge, overcoming pollution
(water, gas, soil, food), improving and restoring the environment of polluted
areas.

1.1.3 Sustainable new rural construction associated with urbanization

The overall objective of the whole program is to build a new rural areas to
improve the material and spiritual life of the people; Socioeconomic infrastruc-
ture is appropriate; economic structure and forms of production organization are
reasonable, agricultural development and industry and service are linked; rural
development combines with urban areas; a rural society is democratic, equal, and
stable; ecological environment is protected; the political security and social order
remain.

Sustainable new rural construction associated with urbanization is an integrated
process in which the construction is associated with sustainable development goals
and the urbanization process [3].
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1.2 The experiences in rural development and new rural construction in the world

1.2.1 China

China government demanded that it was necessary to gradually change “the
disparity between industry and agriculture, between urban and rural areas,
between regions,” “unifying urban socio-economic development planning,
building modern agriculture, developing rural economy, increasing income for
farmers” [4].

Up to now, China has achieved many great achievements such as: agriculture
fields and rural areas have developed strongly. China’s agriculture has formed many
high-value agricultural products such as: food, livestock, natural rubber, and fruits.
Many agricultural products are cultivated on a large area with high output and high
economic efficiency. The number of large enterprises operating in the agricultural
sector as well as the number of cooperatives and associations constantly increased. As
aresult, the rural agricultural economy has developed rapidly, the average income of
farmers has increased significantly. The infrastructure of rural areas has been signifi-
cantly improved. Building a cultural life in rural areas has achieved many important
achievements.

Useful experiment:

* Attracting businesses to invest in agriculture and rural areas

* Forming linkages along the value chain and implementing commitments
between farmers and enterprises.

* Encouraging many large economic groups to invest in agriculture
1.2.2 Japan

The agricultural economy is prioritized for development by the Japanese
Government. Therefore, at each stage, Japan applied a different plan and “agricultural
extension policy” such as: “Socio-economic development plan,” “Building rural area
as an attracting and comfortable living space,” “one village one product” in order to
carry out the construction of new rural areas, create a foundation for agricultural
economic development with the solidarity of people [5].

Japan developed agricultural economy from the first small-scale villages from 900
to 1000 farming households, then replicated the model to 4548 villages. Japan govern-
ment has applied a financial support policy to build new rural areas in addition to
local revenue and the loans from agricultural credit funds.

The Japanese government has launched the movement as “One Village One
Product (OVOP).” OVOP is a movement with three main principles: (i) localization
and then globalization; (ii) autonomy, independence, and creation; (iii) human
resource development. The government is in charge to do the basic construction
items of the rural areas, improve the environment, bring water, electricity, road
construction, information (telephone) to the people. The primary education
was completely free, rural and urban areas supported each other for sustainable
development.
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Useful experiment:

* Three main principles: (i) localization and then globalization; (ii) autonomy,
independence, and creation; (iii) human resource development.

* Applying to craft villages, regions with specialty products and implementing the
branding, traceability production, and product consumption.

* Preserving and developing traditional craft villages under the motto “One
village, one product,” developing crafts according to local strengths was one
of the core contents to realize the goal of “transforming structure, economic
development and increasing income of people”

1.2.3 South Korea

The SU (Saemaul Undong) movement was established with three criteria: (i)
diligence (hard work); (ii) self-reliance to overcome difficulties; (iii) cooperation
(community synergies). As a result, many projects have been implemented and
completed with the aim of developing infrastructure in rural areas. South Korea has
applied high technology in agricultural production in order to increase productivity
and value of agricultural products. The number of economical autonomous villages
in South Korea reached 98%. Thus, the effectiveness of the SU movement made an
important contribution to the sustainable development of the South Korean rural
economy [6, 7].

Useful experiment:

* The leader’s determination
* The role of training and building capacity of managers.
* Promoting the role of the people at the village.

* Creating motivation instead of pressure that associated with the spirit of
“industrious, self-reliant, reunited.”

1.2.4 Taiwan

The important role of farmers’ organizations was one of the factors that made up
the success of agricultural development. Taiwan has four farmers’ organizations such
as: the Agricultural Association, the Fruit Cooperative, the Irrigation Association,
and the aquaculture Association. Basically, they were economic organizations that
cooperate each other to provide nonagricultural services, including supplying materi-
als and consuming agricultural products. The main function of these organizations
was to help farmers in trading activities. All four organizations were registered to
operate under the state management of the government [8].

The government focused on supporting many aspects of the Agricultural
Association. First of all, 50% of the farm’s capital was provided by the government.
Besides, the government implemented many direct investments in rural areas such
as building infrastructure, transferring new varieties and technology through
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development programs. Basing on the activities of the Agricultural Association,
Taiwanese farmers have mastered the entire supply chain of input materials and
output products of agricultural production.

Useful experiment:

* The model of farmer association, forming farmers’ organizations, not only
organized production but also represented the voice of farmers in policy
criticism and policy implementation.

1.2.5 Other ASEAN countries

Policy directions for rural development in ASEAN countries focused on many
aspects such as: from the program of promoting the rural economy to the program
of infrastructure development; from improving the life quality of rural residents
to developing high-quality human resources and protecting natural resources and
the environment in rural areas. Mainly, the Rural Development Program of ASEAN
countries focused on three main points: (i) strengthening the legal authority for rural
people; (ii) training and developing human resources in rural areas; and (iii) agricul-
tural and rural development associated with environmental protection and sustain-
able development [9, 10].

In generally, the useful experiment, which was applied in building new rural area
in Vietnam, could be considered as: i) encouraging many large economic groups to
invest in agriculture to form the linkages between farmers and enterprises. ii) pre-
serving and developing the traditional rural villages’ values including both cultural
life and production. iii) Implementing the human resource development, in which,
the role of the rural people was promoted and the capacity of managers in building
new rural area should be considered. iv) Implementing the process of building new
rural area step by step in accordance with the Government’s strategy.

2. The strategy of building rural areas in Vietnam

2.1 The process of forming the national target program on building rural areas in
Vietnam

The process of forming the National Target Program on building new rural areas

in Vietnam through the periods was shown in Figure 1 [11, 12].

In which, in 1988, the Vietnamese government implemented the renovation policy,
which created significant developments for Vietnam’s agriculture in the renovation
period. Orientations for building a new rural areas have been set out in terms of rural
planning, infrastructure development, production organization, building a prosper-
ous rural life, solidarity, democratization and publicization, and promoting the
mastery of the working people.

In the period of 2001-2009, there were two pilot programs of building new rural
areas such as: the program on building a model of rural development in the direction
of industrialization, modernization, cooperation, and democratization in the period
of 2001-2005 and the pilot program on building new rural areas at village levels in
the period of 2006-2009. The practical experience from the pilot programs showed
that in order to achieve the goals of building a new rural area, it was necessary to
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Year A
Building new rural areas with the National Target
2010 - 2020 Prggram
. 5 Building new rural areas accelerating industrialization
2009 - 2011 and modernization
Pilot program on building new rural areas at village
2007-2009 | | fevels
Pilot program on building new rural areas following
2001 - 2005 industrialization and modernization
1988 Orientation for building new rural areas

Figure 1.
The formation of the National Target Program on building new rural areas in Vietnam.

develop in a harmonious manner in different fields, not just to focus on building
infrastructure.

In the period of 2009-2011, the Vietnamese government directed the implementa-
tion of the pilot program on building a new rural area in the period of accelerating
industrialization and modernization in the period of 2009-2011. In particular, the new
rural area criterion was promulgated that has created a comprehensive rural develop-
ment approach and become a prominent feature of rural development in Vietnam.

The lessons learned from the pilot programs were the basis for officially imple-
menting the National Target Program on building new rural areas for the period of
2010-2020. Thus, after more than 20 years of innovation, basing on lessons learned
and practical needs as well as the suitability of the general context, the National
Target Program on building new rural areas was born to implement the building new
rural areas through all rural areas of the Vietnam and to contribute the foundations
for sustainable rural development.

2.2 The objectives, principles, and scope of the National Target Program on
building new rural areas for the period of 2010: 2020

The National Target Program on building new rural areas took the commune
level as the implementing unit with the goal that the whole country would have 50%
of communes meeting the new rural area standard by 2020. Besides, there were
other objectives such as: encouraging each province and city to have at least one
district meeting the new rural area standard; basically completing essential works
to meet the requirements of production development and life of rural residents as:
traffic, electricity, water, daily life, schools, commune health stations; improving
the life quality of rural residents, creating many production models associated with
stable jobs for people, increasing income at least 1.8 times than that of 2015 [11, 12].
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The basic principle of building a new rural area was to promote the role of the
local population community, the government played the role of orientation and
promulgation of criteria, standards, policies, support mechanisms, staff training, and
implementation guidance. The community of people in villages and communes demo-
cratically discussed and implemented the specific activities. In addition, building a
new rural area must be carried out on the basis of inheriting and integrating national
target programs, targeted support programs, and other programs and projects being
implemented in the rural area that associated with the local socioeconomic develop-
ment plan. The ownership role of the people and the community was promoted and
the process of planning, organizing, implementing, monitoring, and evaluating must
be implemented democratically [11, 12].

It could be said that the National Target Program on building new rural areas
was a comprehensive rural development program that paid attention to most of the
different fields in rural areas. The scope of implementation was all communes across
the country and the beneficiaries were residential communities in rural areas; The
subjects of implementation were the communities in rural areas, the government,
enterprises, and socioeconomic organizations.

2.3 Criteria and contents of new rural area construction

The new rural area criteria set of the program has promulgated 11 group of
contents, each group of content included specific goals and contents such as: [13].

* Content 1: New rural area construction planning;
* Content 2: Development of socioeconomic infrastructure;

* Content 3: Developing production in association with the agricultural sector,
restructuring rural economy, raising income for people;

* Content 4: Poverty reduction and social security;
* Content 5: Development of education in rural areas;

* Content 6: Developing basic health care, improving the quality of health care for
rural people;

* Content 7: Improving the quality of cultural life of rural people;

* Content 8: Implementing rural environmental sanitation, pollution solution, and
environmental improvement in craft villages;

* Content 9: Improving the quality and promoting the role of authorities and social
organizations in building a new rural area;

* Content 10: Maintaining national defense, security, and rural social order;

* Content 11: Improving the capacity of building new rural area and carrying out
the communication on building new rural area
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3. Results and discussions
3.1 Summarization of the results of construction of new rural area

In the period of 2011-2020, the achievement of new rural area standard increased
sharply in the second phase, many important targets of new rural area construction
completed in 2019. By July 2021, 195/664 districts (29.6%) belonging to 52 provinces
and cities were recognized as meeting new rural area standard. The number of com-
munes meeting the new rural area standard was 5331/8267 communes (64.8%) [11, 12].

The result of new rural area construction by 2020 is given in Table 1.

In general, the construction of new rural areas has achieved great achievements
over the past 10 years. That significantly changed the face of the rural areas, espe-
cially in rural infrastructure. In the construction of new rural areas, the promotion of
urbanization in rural areas has not been clearly shown.

3.2 The result of the basic socioeconomic infrastructure in the rural areas

The basic socioeconomic infrastructure in the rural areas was strengthened in a syn-
chronous direction, which significantly changed the face of the rural areas and connected
with the urban areas step by step. The basic socioeconomic infrastructure gradually met
the living and production needs of the rural population and gradually caught up with the
needs of socioeconomic development in rural areas. That was shown below [11, 12]:

* The rural transport infrastructure: by 2020, over 206,743 km of roads has been
built and upgraded, which increased the rate of hardened rural roads to 68.7%;
Over 97% of communes had plasticized and hardened roads; The quality of
roads has been improved and quite synchronous, which has contributed to
the formation of large production areas and created favorable conditions to
attract investors to the rural areas including large enterprises. Up to now, there
have been 6460 communes (78.2%) meeting the criteria of rural transport

Province/ City ~ Total number Number of Number of Percentage of Average of

of communes of districts meeting communesmeeting communesmeeting criteria per
the province new rural area new rural area thenewruralarea commune
standard standard standard (%)

+ Total 8,902 173 5,555 62.4 164

+ Northern 2,280 18 828 36.3 13.5

Midlands and

Mountains

+ Red river delta 1,882 69 1,805 95.9 189

+ North Central 1,585 18 1,019 64.3 16.8

+ South Central 825 12 476 57.7 16.4

Coast

+ Highlands 599 3 270 45.1 15.2

+ South East 445 22 354 795 18.0

+ Mekong Delta 1,286 31 782 60.8 16.9

Table 1.

The result of new rural area construction by 2020.
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(increasing 41.8% compared with 2015 and exceeding 23.2% compared with the
5-year target for the period of 2016-2020);

* The irrigation system has been gradually completed. The thousands of small and
large irrigation projects have been built, repaired, and upgraded. More than 80% of
the productive area was actively irrigated, which contributed to the transformation
of crop structure and improved production value and promoted the restructuring
of the agricultural sector. Up to now, the area that applied the advanced and water-
saving irrigation was 288,620 hectares (for upland crops, reaching 17.5%), 1,320,118
hectares (for rice, reaching 18%). Thus, the crop productivity and irrigated areas
were increased and adapted to water-scarce areas and effectively that formed the
large-scale production areas with high economic value. Some regions have devel-
oped advanced water-saving irrigation system such as the Southeast (40%), the
Central Highlands (27%), the Mekong River Delta (18%). There were 7934 com-
munes (96%) reaching the irrigation criteria (increasing 34.6% compared with 2015
and exceeding 19% compared with the 5-year target for the period of 2016-2020);

The rural electricity system, up to now, 100% of communes and 99.25% of rural
households have had electricity, in which, 7729 communes (93.5%) have met the
electricity criteria (increasing 11.1% compared with 2015). The quality of electric-
ity in rural areas was increasingly improved and stable and basically met people’s
daily-life needs and developing production. The quality of electricity has created
favorable conditions for the application of hi-tech agricultural production, includ-
ing in highland districts. In particular, remote, extremely difficult, and border
areas and island communes were also focused on investing in electricity supply.

The education system at all levels in rural areas has received special attention of
government. There were 31,016 schools at all levels in rural areas in the whole coun-
try. Many localities have prioritized resources to invest in building new synchronous
schools including: supplementing classrooms and function rooms, enhancing
teaching equipment, libraries, physical or skill training areas, and toilets, improving
the green-clean-beautiful landscape. In which, many localities have promoted the
socialization of education and invested in school systems in the direction of moder-
nity, meeting the new requirements of education. There were 6375 communes that
met the school criteria (77.2%, and increasing 35.1% compared with 2015).

The system of rural health facilities in recent years has continued to be invested,
upgraded, and improved and highly appreciated by international organizations.
100% of communes had health stations, of which, about 76% of commune health
stations met the National Health Standards (an increase of 8.9% compared with
2015); about 87.5% of commune health stations had doctors working; 95.0% of
villages, hamlets had medical staff working.

The system of rural commercial infrastructure has developed in both quantity
and scale. The types and levels of markets were diversified. Many forms of mod-
ern retail infrastructure, different types of convenience shops and mini markets
have also been formed and developed to meet the consumption needs of rural
people. There were 7763 communes that met the criteria for rural commercial
infrastructure (accounting for 93.9%, increasing 36% compared with the end of
2015 and 23.9% higher than the 5-year target for the period of 2016-2020).
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3.3 The sustainable development of the rural economy

The sustainable development of the rural economy was in the direction of increas-
ing added values and raised people’s incomes and gradually narrowed the gap between
rural and urban areas [11, 12].

In the period of 2010-2020, basing on the construction of new rural areas and the
process of urbanization, the rural economy had many drastic changes, active transfer
structure in the right direction. The industries, construction, trade, and services in
rural areas developed rapidly and accounted for an increasing proportion; agricultural,
forestry, and aquicultural production has restructured in production type and scale.

Industry and services in the rural areas have had positive changes, the value of
rural industrial production has grown well. Services in rural areas developed diversely
with the participation of all economic sectors. Industrial production value in rural
areas tended to grow significantly and reached 12.2% in the period of 2010-2018. That
contributed to job creation, restructuring of rural labor (the proportion of agricul-
tural laborers decreased from 49.5% in 2010 to 32.8% in 2020) and raised incomes of
rural households.

Restructuring the agricultural sector has achieved many important achievements
in terms of both scale and production level. Agriculture has shifted strongly to inter-
national competitive commodity production. The productivity and product quality
increased and firmly ensured national food security, and exports have increased
rapidly. The agricultural sector has a sustainable growth, the average GDP growth
rate of the industry is 2.85%/year in the period 2011-2019, the agricultural production
value will reach VND 99.5 million/ha in 2020 (an increase of 82% compared with
2010). Vietnam’s agricultural, forestry, and aquicultural exports in 2020 reached over
$41.25 billion, ranking in the top 15 in the world and second in ASEAN. Agriculture
continued to be Vietnam’s strength. Many specific agricultural regions were formed
according to functions as: peri-urban agriculture, large-scale commodity agriculture,
agriculture adapting to climate change, and agriculture with application of high
technology.

The forestry industry has had a remarkable development in the past period with
a stable growth rate. The national forest coverage rate in 2020 reached 42%, which
formed the second largest forestry product processing industry in Asia and the fifth
largest in the world. Over the past 10 years, aquiculture had the highest growth with
an average growth of 5.2% per year in production value. In 2020, the total output
was 8.4 million tons, the production value obtained on 1 hectare of aquaculture land
reached 10,462 USD (2.3 times higher than 2010). The level of processing technology
and hygiene safety of aquacultural product were invested to meet the requirements of
the market in the world.

Types of production organizations are renewed in a more appropriate and effec-
tive manner; household economy continues to be supported and organized in the
direction of increasing production scale, gradually adapting to the market mecha-
nism. Strongly develop agricultural product value chains, form more and more prod-
uct consumption linkage chains between producers, cooperatives, and enterprises;
some large corporations have joined the linkage chain in agriculture such as Dabaco,
Ba Huan, Saigon Coop, Masan Group...). Local authorities are increasingly interested
in agricultural development, well performing the role of “State” in linking “4 houses”
to organize production and consumption of agricultural products.

By the end of June 2021, 57/63 provinces have issued the policies to encourage
linkages in production and consumption of local agricultural products, in which,

168



Building New Rural Areas in Vietnam
DOI: http://dx.doi.org/10.5772/intechopen.101663

44/63 provinces and cities approved projects and plans on linkage under the guidance
of the Ministry of Agriculture and Rural Development. As a result, up to now, more
than 27,000 value chain-linked production models have been built; 1644 safe agricul-
tural product chains were developed with 3267 places of sale of controlled products
according to the chain and 2038 places of sale of controlled products according to the
value chain. By 2020, there were about 49,600 enterprises investing in agriculture (of
which, more than 11,800 enterprises invested directly), accounting for about 8% of
the total number of enterprises operating in the country.

The speed of cooperative development has increased sharply year by year. By the
end of 2020, there were 17,642 agricultural cooperatives (beyond the target to 2020
assigned by the government). The cooperatives gradually promoted their effective
support role for farmers by actively linking with enterprises under the form of that
the enterprises provided inputs, production techniques, and product consumption
that created stable output for agricultural products.

3.4 The income and living standards of rural people

The income and living standards of rural people were continuously improved and
enhanced and the gap between rural and urban areas was narrowed [11, 12].

Average income per person per year in rural areas increased faster than the growth
rate of urban people’s income. The income increased from 676 USD/person in 2010
to about 1807 USD/person in 2020. Basically, the target by 2020 was achieved. The
income gap between rural and urban areas tended to decrease from 1.99 times in 2010
to 1.61 times in 2020. People in rural areas are less and less dependent on agricul-
ture. The structure of income from agricultural, forestry, and aquicutural activities
decreased from 33.5% in 2010 to 18.5% in 2020. The rate of poor households in rural
areas decreased by 1% per year on average. By the end of 2020, the rate reached 7.1%.

Along with the increase in income, the spiritual life in rural areas has also been
significantly improved. The people had easier access to basic social services, especially
rural people in remote and isolated areas and ethnic minority areas. The countryside
was the place where they maintained and developed the vibrant culture, artist, physi-
cal training, and sports. The civilized lifestyle was implemented and the unsound
customs and superstition were eliminated. The maintenance of security and order was
ensured. The evils of drugs, theft, gambling, addiction were controlled and managed.
Many activities of planting trees, lighting up rural roads and protecting the environ-
ment have been actively organized by the community in order to create many fresh,
bright, green, clean, and beautiful rural areas.

3.5 Environmental protection

The work of landscape construction, implementation of environmental sanitation
had a remarkable change, representing the achievements of building a new rural areas
[11, 12] . Many models of landscape improvement in villages and hamlets have been
creatively applied according to actual conditions; Thousands of kilometers of flower
routes have been formed, and many districts have had the percentage of rural roads
planted with trees and flowers that reached over 50%.

By the end of 2020, 51% of rural households used standard clean water; There
were 6222 communes (75.3%) meeting the criteria on Environment and Food Safety
(increasing by 32.9% compared with 2015, completing 5.3% more than the 5-year
target for the period of 2016-2020).
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The protection of the rural environment, especially in industrial production,
services and craft villages has always been concerned, and environmental pollution
has been gradually overcome. Up to now, 59/63 provinces and cities have approved the
solid waste management planning in the areas; 42/63 provinces and cities have plans
for concentrated waste treatment in rural areas, of which, a number of localities have
implemented that throughout the province; 16/63 provinces and cities have approved
the investment policy of rural solid waste treatment plants.

Solid waste collection has been promoted, and most villages and communes have
formed a domestic waste collection team. The proportion of daily-life solid waste
collected has increased significantly year by year, from 44.1% in 2011 to 66.0% in
2020. The scale and methods of solid waste treatment have also changed significantly.
Common treatment methods included landfilling, incineration, fertilizer, and fuel
pellet production. Although the current method of landfilling still accounted for a
relatively high rate (about 70%), the trend of incineration became more common in
many localities. There were about 425 domestic solid waste incinerators, of which,
there were more than 100 incinerators with a capacity of over 300 kg/h, meeting the
requirements of the National Technical Regulation.

The environment in craft villages has been significantly improved. There have
been 33 provinces and cities that have issued the policies on environmental protection
of craft villages. Many craft village waste treatment models have been implemented.
Many craft villages applied advanced technology and production processes to limit
waste emissions into the environment. The percentage of craft villages with central-
ized wastewater collection accounted for 27.6% of the total number of craft villages
with industrial wastewater. The percentage of craft villages with concentrated
wastewater treatment meeting environmental standards accounted for 16.1%; the
percentage of craft villages with industrial solid waste collection places accounted for
20.9% of the total number of craft villages with industrial solid waste.

3.6 The cultural life of the people and social security and defense

A healthy and colorful cultural environment was created in the cultural and spiri-
tual life of rural people. Cultural activities, arts, and sports in residential areas were
promoted. The preservation and promotion of cultural values have made a practical
contribution to the construction of cultural life of the new rural areas.

Social security was guaranteed. The combat and timely prevention of crimes
and social evils were effectively implemented in accordance with the Government’s
strategy. The security and defense continued to be maintained. Thus, the people felt
secure and they worked, created, and dedicated themselves to the task of new rural
area construction and development.

4, Conclusions

Based on the objectives, principles, and scope of the National Target Program
on building new rural areas for the period of 2010-2020, Vietnam has implemented
sustainable new rural construction associated with urbanization. The results showed
that Vietnam rural areas have changed both in terms of the basic socioeconomic
infrastructure, the income, and living standards of rural people. Vietnam rural areas
have had economic restructuring. In which, the occupation was shifted from agricul-
ture to nonagricultural occupation, and the population, labor, and employment were
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shifted from rural to urban areas. Thus, millions of new jobs were created. Besides,
the rural infrastructure system was invested and met the needs of production, travel,
education, health care, goods circulation, service development. People’s income and

living standards were improved and enhanced. The security and defense continued to
be maintained.
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Chapter 10

Biogas Generation from

Co-Digestion Waste Systems:
The Role of Water Hyacinth

Adedeji A. Adelodun, Temitope M. Olajire
and Ochuko Mary Ojo

Abstract

Using biomass as a renewable energy source has earned tremendous interest from
researchers in recent decades, especially because the technology is environmentally
benign. This article reviews the recent methods for generating biogas from water
hyacinth (WH, Eichornia crassipes), arguably the world’s most evasive aquatic macro-
phyte. Therefore, various economic, environmentally benign, and renewable proce-
dures that enhance biogas production from WH biomass are reviewed. WH has been
co-digested with numerous waste types, including poultry droppings, municipal
wastes, animal tissue wastes, pig wastes, cow dungs, etc., recording varying success
degrees. Other studies focused on optimizing the operation parameters, such as
mixing ratio, contact time, pH, temperature, organic loading rate, etc. We observed
that most attempts to generate biogas from WH alone were not promising. However,
when co-digested with other biomasses or wastes, WH either increases the process
rate or improves the methane yield content. Also, the potential of WH as a
phytoremdiator-cum-biogas source was investigated. This chapter provides mathe-
matical models, scale-up installation models, and specific experimental results from
various studies to guide future study plans toward optimizing CH,4 generation from
WH co-digestion.

Keywords: Eichornia crassipes, biomethanation, methanogens, biogas yield, biogas
purity

1. Introduction

Biogas, an energy source comprising CH,, CO,, and traces of some gaseous impu-
rities, is generated via biomethanation, i.e., anaerobic digestion of substrates.
Irrespective of the substrate, typical biogas is composed of 50-80% CH,, 20-50%
CO,, 5-10% of Hs, 1-2% of N,, ~0.3% water vapor, and traces of H,S and H,O g,

[1, 2]. Regardless of their proportions, CO, and H,S are the major impurities in biogas.
Therefore, post-production cleanup processes are required to remove them for opti-
mum performance of the final product. Usually, CO, is absorbed into hydroxides of
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Ca, K, or Ba (Eq. (1)), while CuSO4 removes H,S, FeSO,4, Pb(NO3),, or FeCl;

(Eq. (2)). For CO, removal, NaOH is an efficient absorbent, although KOH is 27%
more effective, using only 125 kWh/Tor CO, energy [3]. Otherwise, to minimize the
cost and avoid additional waste generation, the pristine gas stream could be bubbled
through water to remove both gases, albeit with less efficiency [4].

Ca(OH), o) + COzg———CaCOs + H,0 1)

(CH3CO0),Pb q) + HaS(g) 2CH3COOH,q) + PbS(y (2)

2. Biodigestion process

A typical biodigester is made of concrete, metal, or other material that permits
anaerobic biomass fermentation [5]. For optimum performance, the operational and
ambient conditions must be diligently considered. Several factors that affect biogas
production efficiencies include pH, temperature, type and quality of the substrate,
mixing speed and consistency organic loading, formation of highly volatile fatty acids,
and inadequate alkalinity [6]. The retention (turn-over) time is the period required
for organic materials to be decomposed entirely toward achieving maximum biogas
yield. Fertilizers and mineralized water are the usual valuable by-products of this
process [5].

Research into biogas technology in Africa gained momentum in the last decade.
For instance, in Nigeria, biogas production from Bambara nut chaff [6], agricultural
waste [7], and abattoir waste [8], and the performance evaluation of a biogas stove for
cooking [9] have been reported. Furthermore, biogas generation from co-digested
substrates, such as spent grains and rice husk [10], banana and plantain peels [11], pig
waste and cassava peels [12], sewage and brewery sludge [13], have also been
experimented. In most cases, co-digestion enhances methane yield by ~60%. Similar
studies were carried out in other African countries such as Uganda [14], South Africa
[15], Sudan [16], etc.

Generally, plant-based biofuels are environmentally clean energy, with a high
potential of lowering fossil fuel consumption to the barest minimum in the near future
[17]. Over the past decade, several studies have focused on producing biomethane
using lignocellulosic residues of high abundance and low cost [18, 19]. According to
Bekkering et al. [20] and Holm-Nielsen et al. [21], biogas can be used as fuel and fuel
cells to generate heat, steam, electricity, produce chemicals, upgrade natural gas grids
via injection, etc. Elsewhere, Jantsch and Mattiasson [22] discussed how anaerobic
digestion could treat wastewater and organic wastes, yielding biogas as a valuable by-
product. The four major sources of biogas production are livestock waste, landfill gas
(LFG), activated sludge from wastewater treatment plants, and IIC (industrial,
institutional, and commercial waste) [22-24].

Biomethanation occurs in four main steps (Figure 1) viz. hydrolysis [23] ,
acidogenesis [24], acetogenesis [26], and methanogenesis [27]. Methane is the main
component of biogas (50-70%). Other components include CO, (30-40%) and traces
of H,S and H,O ) [28]. The respective equations for the four steps are provided as
Egs. (3)-(6):

Hydrolysis : (CSH1005) + I'leO——)D(CéHuOs) 3)
Acidogenesis : n(C¢H1,06)———3nCH3;COOH (4)
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Figure 1.

Process flow of the degradation of ovganic material through anaerobic digestion [24, 25].

Acetogenesis : CH;COOH CH4 + CO, (5)
Methanogenesis : CO, + 4H,———CH4 + 2H,0 (6)

Four major microbial groups are respectively involved: the hydrolytic-
fermentative bacteria (hydrolyze complex organic compounds into simple ones),
fermentative bacteria (convert the simple organic compounds into volatile fatty acids,
yielding H;, and CO,), acetogenic bacteria (convert the fatty acids into acetic acid),
and methanogenic archaea (produce CH, either from acetate or from H; and CO,)
[24, 25].

3. Factors affecting biogas yield and production

The quality of manure influences the methanogenic diversity in a reactor, and the
overall conversion efficiency of manure to CH, is influenced by the retention time
[29], pH, oxygen level, NH;-N, and volatile fatty acids (VFA) contents, and temper-
ature [30, 31]. Biogas can be produced under psychrophilic (10-30°C), mesophilic
(20-50°C), and thermophilic (50-75°C) conditions [2]. Mesophilic and thermophilic
conditions present different reactor designs, operational advantages, and drawbacks.
Most anaerobic digesters are designed to operate at mesophilic (40°C) or thermophilic
(55°C) temperature to maximize biogas yield [32], whereas, between 40 and 50°C,
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methanogens are inhibited. Elsewhere, anaerobic digestion temperature was opti-
mized at 25-38°C (mesophilic conditions), with temperatures near 38°C showing
more excellent (>95%) digestion stability. Likewise, a mesophilic treatment at 38°C
reportedly destroys 99.9% of pathogens [33].

Similarly, the C/N [34, 35], slurry concentration, mixing rate, and bacteria type
(starter) are other crucial parameters that influence biogas quality and yield [36].
Typically, the organic loading rate (OLR) ranges between 0.5 and 3 kg VS (volatile
solids) per m® per day [29]. Table 1 lists the average C/N of various substrates used
for biogas production [70-72]. Typical C/N values/ranges for biogas production are as
follows: liquid cattle manure (6-20), chicken manure (3-10), liquid swine manure
(5), straw (50-150), grass (12-26), potatoes (35-60), sugar beet/beet foliage (35-46),
cereals (16-40), fruits and vegetables (7-35), mixed food waste (15-32), slaughter-
house waste—soft tissue (4), slaughterhouse waste—guts (22-37), food waste (3-17),
distillery waste (8), etc. An increasing C/N (10-30) increases the formation of fatty
acids in the process [34, 35]. If the fatty acid concentrations are not sufficiently high,
methanogenesis could result.

Methanogens are sensitive to rapid temperature change, while thermophilic
methanogens are more temperature-sensitive counterparts. Therefore, temperature
should be kept exactly at +2°C [2].

Some researchers have investigated the optimal pH for microbial performance
during anaerobic digestion. According to Yadvika et al. [73], the pH within the digester
should be kept within 6.8-8.0, whereas Thy et al. [74] concluded that 6-8 pH range is
the optimal pH. At the onset of the acid-forming stage of the digestion, the pH may be
<6.0. However, it could be >7.0 during methane formation and maintained because it
is sensitive to acidity. In a properly operating anaerobic digester, a pH of 6.8-7.2
converts volatile acids to CH, and CO, [75]. The pH is the most suitable indicator for
plausible digester instability after gas production [29]. Initially, the pH would decrease
as the organic matter undergoes acetogenesis. However, as the methanogens rapidly
consume the acids, the pH rises, stabilizing the digester performance. Fermentative
bacteria require a pH > 5.0 to become enzymatic, while methanogenic activity takes
place at a pH range of 6.2-8.0, optimized at 7.1 [29, 76]. In addition, other phenom-
ena, such as the dissociation of important compounds (ammonia, sulfide, organic
acids, etc.), are directly affected by pH [32]. Methanogenic bacteria are generally
susceptible to pH and do not thrive at pH < 6.0 [77].

Homogeneous mixing within the digester improves the contact between the
microorganisms substrate, improving the bacterial ability to obtain required nutrients.
Also, by homogenization, scum formation and temperature increase within the
digester are minimized. However, excessive mixing can disrupt the microorganisms;
therefore, slow mixing is preferred [78]. According to Kossman et al. [79], with other
parameters fixed, a well-agitated substrate can increase biogas production by 50%.

4. Various biomasses for biogas production

The anaerobic fermentation of manure for biogas production does not compromise
the quality of the fertilizer supplement because the nitrogen and other substances
remain in the treated sludge [80]. In the absence of appropriate disposal methods,
animal dungs can cause various environmental and health problems, such as patho-
genic contamination, odor pollution, and greenhouse gas emission [81]. Rain may
flush these wastes into neighboring water bodies or percolate underground, springs,
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S/N Starting CH,yield  Substrate Biogas Observation Experimental Ref.
material mixing ratio/ yield condition
concentration
WH only
1 WH only 72.53% 5-30 g/L Shoots only 39°C [37]
generated 6.86% substrate;
extra methane concentration
25g/L
2 WH only C/N 35 202L/  TSnot asignificant TS 1.59% ;60 [38]
kg TS  factor days
3 WHonly  50-65% C/N 16 No link between C/N 51 days [39]
ratio and production
4 WH only 1:4 (WH: 245L/ 60 days; [40]
Wate) kg VS 30-37°C
C/N: 15
5 WH only 65% 380 L/  Pretreatment with 35°C; size 2 [41]
kg VS  NaOH yielded most cm; 60 days
methane
composition (71%)
6 WH only C/N: 25.9 75 L/kg pH: 6.65; TS: [42]
TS 8% size =
2 cm
7 WH only 360.1L/ 40 days; Size:  [43]
kg TS 1 cm; 45°C
8 WH only 221L/kg Increase of 75.61% Size = 1 cm; [44]
TS pretreated at
60°C for 24 h
Co-digested WH
9 WH + cow C/N:32.0 108 L/  Microbial 60 days; size = [45]
dung kg TS consortium 15 cm; TS 5-
7.26% 10%
10 WH + 16 L/kg 36-37°C ; pH [46]
MW! 6.0-7.4
11  WH+MW 60.5% 4:1 (WH: 230 L/ TS = 4%; [47]
waste) kg VS 15 days
12 WH + 68.67% 237.4L; FM = 1:1; [48]
other CHy/kg 60 days
biomass VS
13 WH+ Duckweed: 20.55L/ 8% TS [49]
other WH =7:3; C/N kg VS size < 6 mm
biomass =16.4
14 WH + Salivinia: WH 406 L/  VFA affected WH in [50]
other =0.5:1 kgVs 31
biomass
15 WH+ 52.8% 1:2 (WH: 2.86 L/  Pretreatment Size: 6 mm [51]
other Buffalo dung) day increased biogas
animal production by 102%;
wastes methane by 51%
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S/N Starting CH, yield Substrate Biogas  Observation Experimental Ref.
material mixing ratio/ yield condition
concentration
16 WH+ 2:89 34.65 40 days [52]
poultry (WH: poultry  L/kg
droppings manure)
17  WH + cow 49-53% 3:1 (WH: cow 3.2 L/kg 22.8-36.6°C [53]
dung upgraded to  dung)
73%
18  WH + cow 63.7% Optimal OLR [54]
dung un-pretreated
19 WH+MW F/M =10.01: 152L/kg TS =6.76% [55]
0.03 TS
(daily)
20 WH + cow 65% 270L/ 22% Size = 5 cm; [56]
dung m? 10 days
21  WH + cow 56.4% 2:1 (WH: cow 3050 L/ 40 days; size = [57]
dung dung) C/N day 2-5 cm; 28—
10:1 36.7°C; pH =
6.5-7.8
22 WHa+pig 883% 1:3 (WH: Pig 27-34°C [58]
waste waste)
23 WH+pig 1l4kg:1L TS = 14.02%;  [59]
waste (piggery pH = 6.0-7.2;
waste:WH) 12 days
C/N =30:1
24  WH + 64.9% 3:8:9 (pig 307 L/ pH=6.5TS= [60]
MAW? dung: kg 9.09%; 52 days
WH: Poultry
droppings)
25 WH+ 62.14% 2:2:1 (WH: 0.02m [61]
MAW cow dung:
poultry
dropping)
26  WH + 0.255 OLR of 1.5 kg/m? 36-37°C; TS = [62]
MAW kg/m®  yielded most biogas  9.98%;
60 days
pH=5.0-7.4
27  WH + 68% 3.7 (WH: 14.09 L/ Increasing 24°C [63]
animal animal waste) kg temperature from 24
waste to 32 increased
production by 186%
28  WH+ 4:4:2 (waste 60 ppm 21 days; size = [64]
animal WH: cow CH, 2 cm
waste + manure) 10,744
others ppm
29 WH + C/N =20/1 96.6 L/ [65]
animal 5:3:2 (Prosopis kg
waste juiflora pods:
Duckweed:
WH
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S/N Starting CH, yield Substrate Biogas  Observation Experimental Ref.
material mixing ratio/ yield condition
concentration
30 WH + 1L/day 35°C; size = [66]
animal 3-5cm; TS =
wastes + 5.6%
others OLR’ =50 g/L
31 WH+ 2733 L/ 40 days [67]
animal kg
wastes +
others
32 Phytoreme C/N 26.9 5195 m? [68]
diation
33  Phytoreme 23,650  Growing in 20% 35°C [69]
diation cc/kg effluent increased 21 days
dry production
weight

MW = municipal waste.
2MAW = multiple animal wastes.
3OLR = organic load ratio.

Table 1.
Recent studies on generating biogas (CH,) from water hyacinth (WH) or water hyacinth-based (co-) digestion.

and wells used for sanitation and domestic purposes [82]. Poultry and livestock wastes
often contain high concentrations of human pathogens, spilled feed, bedding mate-
rials, fur, wastewater, feed residues, feces, and urine. Therefore, the waste should be
effectively managed to minimize environmental and public health risks. Such prac-
tices might result in acute gastrointestinal upset (e.g., nausea, diarrhea, and
vomiting). Also, contact with affected surface waters during recreational activities can
cause skin, ear, or eye infections.

4.1 Recent advances with WH only

Some researchers have investigated biogas generation from WH, either solely or
co-digested with other waster materials (Table 1). Being tagged as a waterway men-
ace, WH has been identified as a substrate for economically feasible biogas production
[83, 84].

The effect of substrate concentration, particle size, and incubation period of dry
WH shoots (WHS) and whole WH (WWH) plants on biogas production has been
reported [37]. The CH, yield increased with substrate concentration till the sixth day
(25 g/L) before declining. WHS consistently had a higher CH, yield than WWH,
especially for every particle size. Recently, Syafrudin et al. [38] evaluated the optimi-
zation of biogas production using liquid anaerobic digestion. They used central com-
posite and complete factorial design to determine the optimal values of enzyme
concentration, C/N ratio, and total solid that generates the highest biogas volume. The
optimum conditions for the C/N ratio were within 30-40 and 6% of the enzyme, with
no significant effect of total solids. In another research, Patil et al. [40] chopped and
ground WH to a fine paste and mixed with water in five ratios to evaluate the optimal
level of dilution to produce the highest volume of methane. They reported that the
slurry with WH 1:4 water had the highest volume of gas.
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The effect of microwave pretreatment of fresh and dried WH on biogas production
was also studied [42]. It was observed that the optimum condition is 560 W and 9 min
contact time on fresh WH. However, in these conditions, CH4 production is inhibited.
In addition, Rozy et al. [43] studied how various parameters affected biogas produc-
tion rate and volume. Their maximum biogas yield was achieved at 45°C and a pH of
7, with 1 cm particle size and 40% inoculum concentration and 0.2 mM of MnCl,.
Later, a study on the effect of organic (citric) acid pretreatment of WH on biogas
production was carried out [44]. Later, response surface methodology was used to
optimize the pretreatment parameters. About 76% increase in biogas yield was
achieved. For optimum utilization of WH biomass, Hudakorn et al. [48] evaluated the
production of biogas and biomass pellets from WH. They stated that, although biogas
production commenced from the first day, flammable biogas didn’t start to yield till
the 10th day.

4.2 Recent advances with co-digested WH
4.2.1 WH + municipal wastes

Nugraha et al. [45] studied the effect of food to microbial (F/M) ratio on biogas
yield from WH. They stated that the optimum F/M ratio and TS level were 10.0 and
6.76%, respectively. They concluded that biogas production reduces inversely with
the F/M ratio. The same year, Ukwuaba [46] evaluated the performance of biogas
yield from co-digesting kitchen wastes and WH. Temperature was identified as the
optimal parameter. The highest and lowest gas pressure was observed at the 25th and
37th days, respectively. Previously, Hernandez-shez et al. [47] had investigated the
potential of generating biogas from co-digesting WH with fruit and vegetable waste.
They optimized the biogas production in terms of total solids concentration. Co-
digestion increased the biogas produced. A total solid concentration of 80:20 (WH/
food waste), corresponding to a C/N ratio of 20, was the optimal condition to avoid
pH correction. However, for a continuous co-digestion, they recommended an organic
loading rate of 2 kg VS m > d ! and 15 days retention time.

4.2.2 WH + poultry droppings

Some co-digestion of WH with poultry droppings has been carried out. Ojo et al.
[52] studied the best mix of WH with poultry manure (PM) that produces maximum
biogas. The authors calculated for the optimum biogas production rate, a factor of the
data collected using the following equation:

Gliax = —abc[1 — ] @)

where G’ = biogas production rate, a = ultimate biogas production, b = pseuso-
biogas production velocity (rate constant), c = shape factor.

They observed that mixing WH and PM at 2:8 produced the highest volume of
biogas. Furthermore, the volume of biogas produced increases slightly with tempera-
ture. Also, the highest biogas yield was observed on the 18th day. It was concluded
that 2 WH: 8 PM is the best-aided WH digestion mix in daily biogas production, a
cumulative volume of biogas produced, and a maximum biogas production rate.
Elsewhere, Patil et al. [41] studied the effect of different pretreatment on biogas yield
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from WH. Notably, alkali treatment had no significant effect on the biogas produced
from WH blended with poultry waste.

4.2.3 WH + cow dungs

Cow dung is a popular co-stock material for WH biodigestion is a popular one.
Nugraha et al. [55] used response surface methodology (RSM) to study the optimiza-
tion of biogas production by solid-state anaerobic digestion to discover the optimum
total solids (TS), C/N, and microbial consortium (MC) for biogas production from a
mixture of WH and cow dung. They then discovered that TS and MC had the most
and least effect on biogas yield, respectively. The maximum biogas yield was obtained
at TS concentration range 5-10%, C/N of 32.09, and MC of 6%. Somewhere else,
Adegunloye et al. [58] evaluated the optimal ratio of variation of WH to pig dung to
generate the maximum methane amount.

The ambient temperature affected the temperature in the digester as the tempera-
ture in the digester was higher than the ambient temperature by 1-3°C. The authors
observed that 1:3 of WH to pig dung produced the highest amount of CH,4. In another
report, Jayaweera et al. [39] evaluated the biogas production from WH grown under
different nitrogen concentrations. The author carried out this study for four months at
mesophilic temperatures using batch-fed anaerobic reactors. WH was grown in vari-
ous folds of total nitrogen then co-digested with CD. They mentioned that WH roots
contain high fiber and lignin content, thus making them unsuitable as a substrate.
They recommended a retention time of 27-30 days for optimum results.

A process by which volatile fatty acids (VFAs) were extracted from WH and the
VFAs laden slurry was developed [56]. The extracts were then used as a feed supple-
ment to the conventional biogas digesters. The authors discussed that WH contains 60
g/kg of TS, requiring a large digester for significant biogas production. The VFAs were
extracted by charging acid-phase reactors with a mixture of WH and cow dung slurry.
The reactors were aerated and the pH kept within 5.5-7.0 to enhance acidogenic
bacteria growth but that of methanogenic bacteria. Figure 2 is a pictorial explanation
of the experiment. For the same TS input, the VFA supplemented the feed, yielding
22% higher biogas amount. However, no significant changes happened to methane
yield.

Biogas
% | ) t
Water hyacinth Acid phase fermenter Ferrocement digester  Vermicomposting

i Chop | L vraextract
Spent weed
Figure 2.

Schematic vepresentation of the process developed by the authors [56].
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Eltawil et al. [85] studied the effect of stirring, dry oxidation, and water scrubbing
processes on biogas quality from different substrates. Using five digesters equipped
with handle stirrers (Figure 3), the gas produced from the digester was flushed
through scrubbers to reduce H,S and CO, concentrations of the biogas. They observed
that stirring increased the biogas production rate by 45% for WH and cow dung
mixtures but did not significantly impact the CH4 volume of the biogas. We gathered
that water scrubbing and dry oxidation removed 95% CO, and 97% H,S. Therefore,
this technology is recommended for developing countries where low-cost technology
is needed.

Similarly, Akinnuli et al. [59] studied the performance of pig dung and WH for
biogas production. The output gas was passed through KOH and anhydrous CaCl, to
remove CO, and moisture, respectively. The authors stated that mixing pig dung and
water hyacinth in the ratio 1.4:1 was optimum for biogas production. They
recommended the digestion be carried out during the summer because low tempera-
tures lead to low biogas generation. Elsewhere, a fixed dome digester was designed for
biogas production using cow dung and WH (Figure 4) [57]. The digester is a semi-
batch reactor composed of a fermentation chamber, feed and digestate pipes and, a

Pressurized water

Air injection Gas for use
—
Gas bag for gas [ ”:%l l /\|
collection N
~ T 7N
I |
H T 1 Ly &k — ili
Gas composition i : .l : - Silica gel
sampling :.::::':: =
v
Dissolved H»S + CO, Collection

4!:':-0 Handle stirrer

I

Valve for s Gas scrubbing unit
collection :|

-

Gas measuring Valves for gas

unit s _: measurement

§ |
Valve for effluen

and drain

Digester type B

Figure 3.
Schematic diagram of the digester with stirring blade [85].
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Figure 4.
Schematic diagram of fixed dome digester [57].

fixed dome on top for biogas storage. This configuration was recommended as a
cheaper alternative for natural gas production.

4.2.4 WH + multiple animal wastes

Akindele et al. [60] reportedly co-digested pig dung, poultry droppings, and WH
anaerobically. Lignocellulosic materials and animal manure co-digestion enhanced
digestibility, biogas production, and equipment utilization. The respective mixing
ratio of 3:9:8 was optimum for methane yield. Also, no gas production in the first four
days as the enzymes adapt to a new environment. CH, production lapsed from 8th to
16th day. The biogas production increased with fermentation until the 40th day, with
the highest biogas production observed on the 52th day.

Earlier, Fadairo et al. [61] co-digested WH with cow dung and poultry droppings.
Their optimum mixing ratios were 2:2:1 and 1:1:0. The lower the WH dosage, the
lower the biogas generated. However, the substrate containing WH alone produced
the least biogas. Cow dung influenced biogas production than poultry droppings,
attributed to the ammonium ions in the latter.

The effect of Organic Loading Rate (OLR) on biogas production systems has also
been researched [62]. The rate of adding feedstock required alteration for optimal
growth of methanogens, which directly influence biogas produced. The authors noted
that direct charging above 1.5 kg/m? inhibits the growth of the methanogens.
Recently, the co-digestion of (WH) biomass with ruminal slaughterhouse waste
(RSW) was evaluated [63]. The highest and lowest biogas yields were with the sub-
strate of solely slaughterhouse waste and WH, respectively. Also, the co-digestion of
the waste with WH (5-50%) significantly reduced the retention time by 26 days,
whereas if the proportion is >50%, no further impact on retention time will occur. The
study recommended co-digestion of 30% waste and 70% WH at 32°C.

In some cases, WH and animal wastes are dosed with other waste materials.
Sa’adiah et al. [64] evaluated biogas production from co-digesting Tofu waste, WH,
and cow manure. They observed that adding more WH inhibited the production of
biogas. They then recommended that mixing WH, tofu, and CD at 2:4:2 for optimal
biogas production. Also, Prabhu et al. [65] investigated the anaerobic co-digestion of
Prosopis juliflora pods with WH, dry leaves, and cow manure, modeled the biogas
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production kinetics using a modified Gompertz equation to examine the cumulative
methane production (Eq. (8)).

Y =M= exp{—exp {Ry;\l;e(/l—l)+1]} (8)

where Y = cumulative methane production (L at time t), M = maximum methane
production potential (L-CH,), Rm = maximum methane production rate (L-CH,/d),
A = Lag phase time (day), E = constant (2.71).

The authors noticed that methane composition was higher in biogas yielded by
WH-rich mixtures than other mixtures. E.g, WH + dry (2:3) achieved the maximum
methane yield of 80%. The coefficient of determination (R”) between the experimen-
tal data and the model ranged as 0.991-0.999.

Moreover, Shah et al. [66] explored the potential of three plants (WH, giant reed,
and maize) and poultry waste for biogas generation, using WH with 13% hemicellu-
lose and poultry waste as inoculum. WH had the highest volatile solids, soluble solids
and, a better C/N ratio. Thus, it was a relatively superior biogas substrate. The highest
biogas yield occurred on the 11th day. From the four substrates, WH contributed the
highest to biogas production. Likewise, Otaraku et al. [86] modeled the cumulative
biogas produced from sawdust, cow dung, and WH. They concluded that the polyno-
mial model best fitted the cumulative biogas production at any given day, with R* >
0.9. Similarly, the potential of biogas production from mixtures of WH, cassava peels,
and cow dung using standard microbial techniques has been reported [67]. The
highest total biogas yield from co-digesting the three substrates was noted. It was
concluded that the prescribed treatment combinations could be facilitated with or
without starter culture.

4.2.5 WH + other biomasses

To co-digest WH with other biomasses, Ogunwande et al. [49] constructed bio-
degradation and maximum biogas yield models based on first-order kinetics to
describe and predict maximum biogas yields from the co-digestion of duckweed
(DW) and WH. They made three assumptions: there was a correlation between the
volatile solid and degradation of biogas yield at any time; a certain quantity of volatile
solids in the substrates was recalcitrant to degradation within the retention time
allowed; there was no lag time before the beginning of volatile solids degradation.
They noted that biogas production started within the first day of digestion. The
following biodegradation model was provided:

Ce = (Co-Ce) e + Cat 0<t 9)

where C is VS concentration in the substrates at the beginning of the experiment
(%, db), C, is the VS concentration in the substrates at any moment (%, db), t is the
time, k is the VS degradation rate constant based on the quantity of VS in the substrate
(DY), C, is the remnant VS concentration after retention time (%, db). Also, the
researchers provided a biogas yield model equation as follows:

Ye=Ym(l—e™) (10)

where Y, is the biogas yield at time t and Y., is the maximum biogas yield.
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Elsewhere, Bhui et al. [50] explored the role of volatile fatty acids (VFAs) in WH
and Salvinia plant digestion. The biogas production from both plants was highest at an
inoculum to substrate ratio of 3:1. It was concluded that acetonic, propionic, and
butyric acid were the common VFAs found in the plants that played a major role in
biogas production. In the same year, the effects of hydrothermal pretreatment on
biogas yield were investigated [51]. A dramatic surge in biochemical oxygen demand
(BOD) occurred after the first 30 min of the pretreatment. The increasing BOD
revealed that the microbes have larger access to cellulose, a substrate for biogas
production. The biogas yield rate started to increase at 30 min of pretreatment,
peaking 60 min. Longer hydrothermal pretreatment could reduce the methane yield.
Also, the WH:buffalo dung had no significant effects on biogas yield without
hydrothermal pretreatment. They recommended a 1:2 WH and cow dung mixing ratio
for optimum biogas yield.

4.3 Phytoremediation with WH

Phytoremediation of polluted waster using WH has been researched widely [87].
However, some researchers have delved into adopting post-phytoremediation WH
biomass for biogas generation. Singhal et al. [69] co-digested WH and channel grass
used to phytoremediate paper mill and distillery factory effluents for biogas produc-
tion. The plants grown in the effluents were chopped, sun-dried, and oven-dried at
60°C, before pulverizing to fine particles. It was then mixed with cow dung slurry and
digested. The digester feed used for phytoremediation produced more biogas than
pristine ones. Likewise, the effect of temperature and feedstock size on biogas pro-
duction of WH used for phytoremediation was reported [88]. It was observed that
improved biodegradation of organic matter occurred at high temperatures. Therefore,
the digestion of WH should be done at thermophilic conditions with smaller particle
size. Similarly, Kumar et al. [68] assessed the biogas production potential of WH that
was initially used for phytoremediation of sugar mill effluent. They concluded that the
biomass had high potential for biogas production than virgin counterparts.

5. Conclusions and recommendations

The invasive presence of water hyacinth (WH) on our waterways often hinders
numerous socioeconomic, agricultural, and ecological processes, tagging the macro-
phyte an environmental nuisance. However, we have identified that it has some
inherent benefits when exploited appropriately. WH is potential biomass for biogas
production, and this fact has been adequately studied.

Biogas generation from WH is temperature-dependent, taking place between 25
and 50°C, provided the temperature is kept steady at +2°C because methanogens are
sensitive to abrupt temperature change. Also, pH can be used as a performance
indicator due to acetogenesis bacteria’s pH requirement of >5.0 pH, while
methanogens require pH in the range of 6.2-8.0 to form CH,4. Overall, WH aids some
other biomass biogas generation potential while it retards some others. By co-
digesting Salivinia grass and WH at 1:0.5, the highest volume of biogas (406 L/kg VS)
generated was reported, whereas co-digestion with pig dung generated the highest
CH, content (88.3%).

Moreover, co-digesting WH with cow dung (most popularly researched) produced
more biogas than with poultry droppings and buffalo dung. Although homogenization
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aids biogas yield by 50%, it showed no significant effect on CH,4 content. Also, in most
cases, increasing C/N and F/M ratios inhibits CH4 formation. Optimally performing
wet scrubbers and dry oxidation for cleanup could remove up to 95% CO, and 97%
H,S from the raw biogas generated. It was also identified that digesting WH shoots
without the roots could up biogas yield significantly.

Finally, because hydrothermal pretreatment before digestion has recently been
identified to enhance biogas generation, we recommend that the effects of various
pretreatments for methane generation from WH be further researched.
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Role of Microcredit in Sustainable
Rural Development

Muhammad Imran, Shamsheer Ul Haq and Orhan Ozcatalbas

Abstract

Around 1.7 billion adults have no access to transaction accounts in the world. The
majority of those are poor and women in rural areas of two developing regions of the
world (South Asia and Sub-Saharan Africa). Rural areas of these regions are home
to the poor and poverty, hunger, unemployment/underemployment is widespread
phenomenon. Access to financial services is crucial for economic development.
However, poor and smallholder have been neglected by traditional banks for a long
time. Microcredit a development model to provide loans to the poor who have no, or
little collateral emerged in Bangladesh and has been adopted in many countries of
the world. In this chapter, microcredit as a solution to much of the problems of the
rural areas has been discussed. Over time there has been a shift in objectives of rural
development. Rural development nowadays is about an overall improvement of the
human quality of life in terms of economic, social, political, and environmental,
issues. Access to microcredit has a positive impact on three dimensions of sustainable
rural development; social, economic, and environmental. Microcredit helps in the
alleviation of poverty, employment, entrepreneurship, higher productivity from agri-
culture, women empowerment, gender equality, reduced rural outmigration, better
health and education, green entrepreneurship, and adoption of modern technology/
inputs in agriculture.

Keywords: microcredit, poverty, rural areas, rural development, sustainability

1. Introduction

Widespread poverty, low standard of livings, and resultant depopulation of rural
areas is the biggest development challenge for the world. Rural population accounts
for 43.80% of the total world population and the ratio varies from region to region
and country to country. South Asia has the highest percentage of its population
(65.12%) living in rural areas, followed by Sub Sharan Africa (58.80%), East Asia and
Pacific (39.30%), Central Europe and Baltics (37.50%), Middle East and North Africa
(34%), Europe and Central Asia (27.39%), European Union (25%), Latin America
and Caribbean (18.88%), and North America (1745%). Similarly, countries like Papua
New Guinea and Burundi have the largest percentage of the population (almost 87%)
in rural areas, while countries like Qatar, Uruguay, Iceland have the lowest proportion
of their population living in rural areas (1-4%) (World bank).
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The urban-rural gap exists in the whole world and in some regions and countries
it is consistently widening. Globally, rural areas have been facing endemic poverty.
Estimates show that even in 2025 60% of the world’s poor will be in rural areas [1].
Traditionally, the rural population has been engaged in agriculture for their liveli-
hood. However, over the years agriculture has become less profitable and declining
productivity is one of the main issues in regions like South Asia and Sub-Saharan
Africa. Moreover, lack of access to essential services such as basic infrastructure, educa-
tion, knowledge, markets (product and financial) is perpetuating rural poverty [2].
International Fund for Agriculture Development estimated that nearly 1 billion people
in the world live on less than US$ 1/day and 75% of them live in rural areas. Almost
90% of the rural poor do not have access to financial services. The crucial role of finan-
cial services in reducing poverty is very well established. Access to financial services
can enable poor people to move forward from hand-to-mouth survival to planning for
the future, acquiring physical and financial assets, investing in better nutrition, health
and education. Microfinance/microcredit has attracted the attention of the world asa
tool to fight poverty since Muhammad Yunus and his Grameen Bank were awarded the
Nobel peace prize in 2006. As microfinance services were developed around the world
it also has attracted the attention of the researchers to examine the impacts of micro-
credit on the recipients, community, and society. The main objective of this chapter is
to discuss the role and functions of microcredit in sustainable rural development.

2. Defining sustainable rural development

Rural and urban areas are different from each other in terms of socio-economic
characteristics and other aspects. Therefore, development strategies aimed at rural
areas should be different from those for urban areas. However, to achieve equality on
welfare efforts should be made to minimize the differences in living standards of both
areas. There is no universally accepted definition of a rural area or rural development.
Rural areas can be described as “residential areas where the economy is mainly based
on a natural resource such as agriculture & forestry, where face-to-face interaction is
more common, rules of daily life are shaped by local customs, and social, economic,
and cultural developments are relatively slow and delayed [3].

Similarly, rural development is a challenging notion, in theory, practice, and
policy. World Bank [4] defined rural development as raising the level of rural income
through agricultural modernization. In the 70s rural development was seen as a
purely economic issue and rural development was seen synonymous with agricultural
development. Later in 1980, World Bank redefined rural development as a strategy to
improve the economic and social life of the rural people. Since then, rural develop-
ment has been defined in various ways.

According to Kata [5] “rural development indicates the overall development of
rural areas to improve the quality of life of the rural people”.

Shepherd [6] defined rural development as “the set of activities and actions of
diverse actors that taken together leads to progress in rural areas.”

All these above definitions have many missing links and the authors failed to
consider some important dimensions and aspects of rural development. From early
1900 to the 1990s the concept of rural development has changed significantly. In
1900s it was guided by profitability, however, in late 20th century it was directed to
the sustainability of agriculture and other activities and based on a holistic, inclusive,
and participatory local and territorial model [7, 8].
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Madhu [9] defined rural development “as an activity concerned with the improve-
ment of spatial and socioeconomic environments of rural areas to enhance the ability
of the individuals to cater to and sustain their well-being”.

“Rural development is people who live in rural areas and earn their living mainly
from agriculture. with an inclusive approach to increase the welfare of people
and families who provide such as nature, environment interaction, use of natural
resources and technology, and agriculture-based industry. economic activities are
carried out in harmony and aim to create an ecosystem” [3].

Rural development nowadays is about an overall improvement of the human
quality of life in terms of economic social, political, environmental, and administra-
tive issues [10]. Rural development has emerged from agricultural development to
human, social, environmental development along with agriculture. Therefore, a shift
from rural development to sustainable rural development has occurred in the recent
past. Sustainable rural development is based on four basic pillars which are social,
economic, environmental, and political.

According to a report on the 17th session of the Commission on Sustainable
Development of the United Nations “sustainable rural development is vital to the
economic, social, and environmental viability of nations. It is essential for poverty
eradication since global poverty is overwhelmingly rural. The manifestation of pov-
erty goes beyond the urban-rural divide; it has a sub-regional and regional context.

It is therefore critical, and there is great value to be gained, by coordinating rural
development initiatives that contribute to sustainable livelihoods through efforts at
global, regional, national, and local levels, as appropriate. Strategies to deal with rural
development should take into consideration the remoteness and potentials in rural
areas and provide targeted differentiated approaches.”

2.1Importance of sustainable rural development

Rural development is concerned with improving the quality of life and social, eco-
nomic wellbeing of the people living in the rural areas. Sustainable rural development
is little different from rural development. It also focuses on the technical, socioeco-
nomic, and environmental conditions of rural areas. Therefore, the daily basic needs
of the rural population are covered by realistic public utilities combined with techni-
cal, socioeconomic, and environmental conditions to support regional economies and
urban-rural linkages called sustainable rural development [11].

Rural development is concerned with the improvement in the different indica-
tors like increasing productivity, raising employment opportunities, high adoption
of modern technologies, low poverty, high income, and good infrastructure, etc.
just focusing on these things without concerning environmental conditions is not
sustainable development. Sustainable development links with social economic, and
environmental sustainability of the rural areas which do not compromise the ability
of the future generation to meet their own needs. For example, cultivation of crops by
using high quantity of chemical fertilizer, chemical may contribute little to crop pro-
duction, but it is not sustainable because the application of high chemical fertilizers
degrades the agricultural land. Similarly, the zero application of fertilizer or pesticides
is also not a concern of sustainable development which adversely affects the crop yield
leading to low income of farmers. In this way, low income generates many socioeco-
nomic problems in rural areas which adversely affect the current rural population.
The main focus in sustainable rural development is meeting your daily needs without
compromising the social, economic wellbeing of the current generation of rural
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population coupled with focusing on the wellbeing of future generations without
compromising the environment quality.

3. Rural areas and their challenges

The rural-urban gap exists all over the world and eliminating inequality in access
to services and opportunities is the main challenge for policymakers. The rural popu-
lation is facing many challenges some of which are discussed below.

3.1 Home to poor

The rural areas are considered as a home for the poor. Generally, the rural popula-
tion is poor as compared to the urban areas. The unequal distribution of assets, work-
ing facilities, and uneven land ownership cause high poverty in rural areas. Therefore,
the poverty rate in the rural population is 17.2% three times more than in urban areas
[12]. Endemic poverty has caused many negative consequences for the rural popula-
tion. Especially rural population in countries of South Asia, Sub-Saharan Africa, and
Latin America is more vulnerable to extreme poverty, climate change events (floods,
heatwaves, disease, etc.), and social exclusion.

3.2 Gender inequality

Gender inequality can be observed more in the rural area as compared to urban
areas. The women have limited access to services, capital, productive infrastructure,
and technologies. Their limited freedom inhibits the women to perform their role
actively in the development of the rural areas. According to International Fund for
Agriculture Development [13], women spend 12-13 h in different daily activities, but
they remain unpaid.

3.3 Limited employment opportunities

Rural areas are normally characterized by seasonal employment opportunities.
Unemployment normally prevails more in rural areas. Moreover, underemployment is
also a common problem in rural areas. The low productive jobs and low-waged activi-
ties discourage the rural youngsters which ultimately tend to migrate to the urban areas.

3.4 Subsistence economy

The majority of the rural population in many developing and even developed
countries rely on agriculture as a source of livelihood. In developing countries, the
majority of the farmers are small farmers, and the traditional economy is based on
subsistence agriculture. Many researchers have estimated that there are around 500
million small farms (landholding up to 2 ha) in the world [14-16] which makes almost
70-80% of the total farms in the world [17]. Subsistence agriculture is volatile to
extreme weather shocks, floods, droughts, degradation of resources.

3.4.1 Dependence on agriculture and velated issues

The rural people are majorly depending on agriculture for their earnings. As a
major source of earning, agriculture still faces many challenges and problems. The
small landholding is one of the main problems impeding the development of rural
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areas. The 12% of the agricultural area is operated by small farmers having less
than 2 acres and 75% of family farms cultivate 75% worlds’ agricultural land [18].
Small farming leads to low adoption of modern technologies in agriculture. Low
adoption of modern technologies is a constraint to improve productivity mainly
caused by the low level of income of small farmers, low awareness, and low assets
[19]. The small and family farms are mostly low adopters of modern technologies
due to their limited knowledge, the limited desire for adoption, and low level of
assets. Agricultural is commonly a profession of illiterate people. They are follow-
ing the traditional farming practices and have no attention toward the adoption
of different modern technologies. Deteriorating quality of water and land is also a
growing problem of agriculture. The monoculture cropping system is commonly
practiced in rural areas due to the limited availability of land. To attain a high level

of yield, the small farmers try to apply more fertilizer, pesticides, and chemical
inputs which degrades the health of the soil and also negatively affects the envi-
ronment. It lowers agricultural productivity and affects the quality of life of the

farmers [20].

Challenges Description Local Impacts National Impacts
Quality and Declining land holding land * Low productivity * Rising food
quantity of fragmentation, declining R insecurity

resource

productivity of land,
degradation of soil and water

quality

Making agriculture
low-profit business

Loss of natural habitat

Rural outmigration

Urban sprawls
Urban poverty
Urban slums

Street crimes

Social challenges

Poverty, lack of access to
educational, health, and
energy services, poor
infrastructure, absence of
communication networks

Social conflicts
Theft and crimes
Iliteracy

Poor health
Deforestation
Isolation

Low prices of output

Obliviousness

Social unrest
Inequality

Iliteracy

Environmental/ Floods, heat waves, crop and * Low productivity * Food insecurity
climatic animal diseases, rainfalls, .
* Diseases * Emergence of new
droughts diseases
* Mortality
C : * Increased health
¢ Crop and income loss .
expenditures
¢ Famine
Financial Lack of access to financial ¢ Low productivity of * Loss of national
challenges services crops and livestock output
* Illiteracy * Food insecurity
 Health problems « Illiteracy
¢ Low Human
Development
Table 1.

Challenges of rural areas and their possible local and national impacts.
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3.4.2 Lack of access to financial services

One important constraint discussed by many scholars is no or low access to
financial services. Rural people with marginal demand for credit are often ignored by
conventional financial institutions. Lack of access to financial services hampers the
development of rural areas in many ways. Small (subsistence) farmers are resource
scarce. Scarcity of financial resources causes problems in the adoption and use of
modern technologies, seeds, and good quality inputs. Lack of financial capital also
leads to the delayed application of inputs. This all results in low productivity>low
income>low living standards. Therefore, subsistence farmers in many regions of the
world are trapped in this cycle of low productivity and poverty (Table 1).

Though many of the problems in rural areas have an immediate impact on the local
population. However, in long run, these negative impacts spread to the national level.
Low productivity caused by natural hazards or financial constraints leads to national
food insecurity. Lack of access to basic utilities in rural areas harms the human
development of any country. Poor road, energy, and communication infrastructure
cause low national output, obliviousness, environmental impacts, and inequality in
the country.

Much of the challenges faced by the rural population stem from limited or no
access to financial sources. Rural people are often neglected by the conventional lend-
ing institutions, especially, the small farmers. Small farmers have limited and consis-
tent demand for credit, however, conventional banks often do not seem interested to
fulfill their needs due to several reasons, such as low or no collateral, risk of recovery,
high costs of operation, etc. In the background of all these financial challenges to
the rural population, recently the world has embraced microcredit as an important
strategic tool to combat challenges in rural areas. There has been increasing interest of
policymakers, researchers, and government in the effectiveness of microcredit.

4. Microcredit and its history

Microcredit and microfinance are used interchangeably. Microcredit can be
described as any credit or loan given by the bank or lending institutions for use by
small enterprises such as smallholder farmers. Though the roots of modern microfi-
nance are found in rural Bangladesh, however microcredit has existed in the world in
a different form for centuries. The stems of informal lending and borrowing extend
back for thousands of years in Asia. The term microcredit is new, and the term was
invented by Muhammad Younas in the mid-1970s. The concept is to provide small
loans to people with lower/weaker socioeconomic backgrounds. Though the concept
of lending to people with lower socioeconomic background goes back to the period
of the 1700s in Ireland. However, modern microfinance emerged in rural Bangladesh
in the mid-1970s. Microcredit emerged with the establishment of Grameen Bank
and BRAC (Bangladesh Rehabilitation Assistance Committee) in the 1970s with new
models of lending. Muhammad Younas a Nobel Laureate played a key role in shaping
the vision of the Grameen Banking model. He was looking for a practical solution
to poverty in the rural areas of Bangladesh. The first-ever examples of microcredit
originated from the group of 42 women who were making stools in Jorba village in
Bangladesh. The women were earning very little profits of $0.02 on each bamboo
stool because of the early repayment to suppliers. Muhammad Younas was shocked
to find that the entire borrowing needs of 42 women which is equivalent to $ 27. He
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thought if women were provided with a loan, they could meet their business needs,
sustain their business and get out of the poverty trap. The 42 women were lent $27
from his resources as an experiment and allowed them to sell their bamboo stools

at reasonable prices and come out of this debt cycle. The experiment later led to the
establishment of Grameen Bank. Later in 1983, Muhammad Younas decided to open a
Grameen Bank in Bangladesh to realize his microcredit model.

The Grameen Bank Known as “Village Bank” came to existence and today works
in more than eighty thousand villages across Bangladesh and serves more than six
million active borrowers. Inspiring with the success of Grameen Bank, many new
microfinance institutes came into existence around the world, many of them are
started by several NGOs and funded by subsidies and grants from private and public
sources. They signify/reveal that poor people could be relied on repaying their loans,
even without collateral and microfinance is potentially a very feasible business. The
Grameen Bank and its founder Muhammad Younas were awarded the Noble Prize in
the Year 2006 for developing this development model and with time the model spread
around the world with an estimated reach of 175 million people (Microcredit Summit
Campaign). Since 2006, microcredit become a popular tool of economic develop-
ment throughout the third world. Now the microcredit is widely propagated in many
countries of the world.

The model of microcredit was adopted by many countries in the world for example
in Pakistan there are specialized microfinance institutions, such as microfinance
banks and microfinance institutions which provide loans to poor people. Several
NGOs such as the Agha Khan Foundation, Akhuwat, etc. have also been involved
in providing microloans to meet the credit needs of poor people. In the Philippines,
to increase the income level of the poor government developed Microfinance
Development Program (MDP) which provides easier access to credit. Evaluation
report of MDP by Asian Development Bank (ADB) mentioned some important
achievements, e.g., outreach increased from 1.3 million active borrowers in 2004
to 2.1 million buys 2008, increased loans to microenterprises created new jobs,
and income of the households was increased. In India, a microcredit system called
NABARD (National Bank for Agriculture and Rural Development) was developed by
getting inspired by the Grameen bank model of Bangladesh. On the same lines, the
self-employed women Association (SEWA) was developed in 1974 for microfinancing
to rural and women. In Europe Microfinance has been growing steadily, a survey of
2015 revealed that there were 747,265 active borrowers with a gross microloan portfo-
lio outstqand8ng of 2.5 billion euros. Similarly, microfinance has been widely devel-
oped and adopted in the African region where poverty is dominant. Many Institutions
at different levels are providing microloans. Many microfinance programs have been
initiated with the cooperation of the International Finance Corporation (IFC) across
the African region. An extensive network of microfinance institutions is present in
many developing countries. Table 2 presents the microfinance network in three dif-
ferent countries of the world.

With the growing interest in microcredit as a major tool for poverty alleviation,
the focus has been moved away from the NGOs models toward the sustainable
microfinance industry by providing the microloans at the lowest prices and also mak-
ing a reasonable return to the commercial investors. In such a way, many microcredit
investment firms exist today. Many big banks also entered into the microfinancing
industry such as Credit Suisse, Citigroup, and Deutsche. By the end of 2008, the
US$15 billion of foreign investment had been channeled into microcredit institutions
from private and commercial sources. Nowadays, microcredit has been the subject of
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Bangladesh
A. Member-owned specialized institution
Grameen Bank
B. Non-Governmental Organizations
BRAGC, Proshika, ASA, BURO-Tangail, BEES, CODEC, SUS, TMSS, Action- Aid, etc.
C. Commercial and Specialized Banks
Krishi Bank (BKB), Rajshahi Krishi Unnayan Bank (RAKUB)
D. Government-sponsored microfinance projects

BRDB, Swanirvar Bangladesh, RD-12, etc.

Pakistan
A. Commercial and Specialized Banks

First MicroFinance Bank, Advance Microfinance bank, Khushali Microfinance bank, Pak Oman
Microfinance bank, NRSP Microfinance bank, Sindh Microfinance Bank, Finca Microfinance bank,
Mobilink Microfinance bank, etc.

B. Microfinance Institutions

Akhuwat Islamic Microfinance, Dameen Support Program, Islamic Relief Pakistan, FFO support
Program, CSC empowerment and inclusion Program, etc.

C. Rural Support Programs

National Rural Support Program, Punjab Rural Support Program, Sarhad Rural Support Program, etc.

Tanzania
A. Microfinance Institutions

Adroit Financial Services Ltd., AJBE Microfinance Limited, Amani Microfinance Ltd., ASA Microfinance
(Tanzania) Limited, BRAC Tanzania Finance Ltd., etc.

B. Government Supported

Zanzibar Economic Empowerment Fund (ZEEF)
C.NGO’s

Tanzania Network of Religious Loaders Living with or Personally Affected by HIV and AIDS (TANERELA)
D. Banks

Akiba Commercial Bank (ACB), DCB Commercial Bank, Equity Bank Tanzania Limited, FINCA
Microfinance Bank Tanzania (FINCA), MUCOBA BANK PLC, etc.

Table 2.
Microfinance networks in Bangladesh, Pakistan, and Tanzania.

various experiments and innovations. The huge mobile industry has also entered in
sending and receiving microcredit loans.

5. Functions of microcredit

Microfinance/microcredit refers to financial services to the poor people and it’s
not limited to only credit but also provides services like money transfers and insur-
ance. According to Murray and Boros [21] “Microfinance as a discipline has created
financial products and services that are packaged in a way that enables low-income
people to become clients of a banking intermediary. They enlisted the characteristics
of microfinance products as follows:
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“Small amounts of loans and savings.

Short loan terms (usually up to one year).

Payment schedules featuring frequent installments (or frequent deposits).
Installments made up from both interest and principal.

High-interest rates on credit (higher than commercial bank rates but lower than
loan-shark rates) reflect the labor-intensive work associated with making small
loans and allowing the microfinance intermediary to become sustainable over
time.

Easy access to the microfinance intermediary, saving the client time and money,
while also permitting the intermediary to better know the client in their home/
business context Simple application forms which are easy to complete.

Short processing periods (between the completion of the application and the
disbursement of the loan).

The availability of repeat loans in higher amounts for clients who pay on time.

The use of tapered interest rates (decreasing interest rates over several loan
cycles) as an incentive to repay on time. As larger-size loans are less costly to
the MFI, some lenders charge lower interest rates: higher rates on small credit
amounts and lower ones on larger credits.

No collateral is required contrary to formal banking practices. To replace col-
lateral (which low-income people generally do not have), microfinance interme-
diaries use alternative methods, such as the assessments of clients’ repayment
potential by running cash flow analyses based on the stream of cash flows gener-
ated by the activities for which loans are taken; all enterprise/household income
and expenditure items; individual or group guarantees (solidarity groups); and
compulsory savings schemes.”

Microfinance has been growing rapidly over the last two decades into an important

subfield of development studies and provides a place for researchers to research the
causes and consequences of poverty.

The practice of microcredit includes lending small loans to poor people who do

not have sufficient funds to meet their basic needs, to create employment oppor-
tunities for them. Microcredit refers to shorter loans offered to small and medium
enterprises as well as to smallholder farmers for agricultural production. Such
microloans are offered by thousands of financial institutions worldwide, ranging
from government to non-government financial institutions like formal banks and
public institutes. The beneficiaries of these financial programs are individuals and
groups. In developing countries, the basic goal of microcredit is to alleviate poverty
by providing job creation opportunities to needy people. Microcredit refers to the
process of taking control over the acquisition and use of credit in the present time
for a certain project, business activity, in exchange for a promise to repay in the
future.
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Commercial and Specialized Banks

First MicroFinance Bank
a. Agriculture & Livestock (crop farming, purchase of small/large animals, construction of shed, etc.)
b. Enterprise (purchase of inventories, small assets, common facility centers, etc.)

c. General Purpose (Education, housing improvement, income-generating activities)

Microfinance Institutions
Akhuwat Islamic Microfinance
a. Family enterprises loans
b. Agriculture loans
c. Liberation loans
d. Housing, education, health, marriage loans

e. Emergency loans

Rural Support Programs
National Rural Support Program
a. Individual Loans (livestock, enterprise, house finance, etc).
b. Groups Loans (Agriculture loans, livestock loans, women empowerment group loans)

c. MSME (Micro Small Medium Enterprise Loans)

Table 3.
Microcredit institutions and their functions in Pakistan.

Recent trends have shown microcredit in a broader spectrum embracing housing,
consumption, education loans, and loans to meet the basic needs of poor people such
as electricity, water, and sanitation that are not provided by public financial insti-
tutes. For example in Pakistan, a variety of microcredit needs are met by loans from
different microfinance providers. There are commercial and Specialized Banks such
as First Microfinance Bank providing loans for crop farming, purchase of livestock,
construction sheds to farmers, to the enterprise for purchase of inventories and assets,
and also for education, health, housing improvements. Similarly, Akhuwat Islamic
microfinance which provides interest-free loans covers different credit needs of
households and small enterprises. Government-supported programs such as national
and provincial rural support programs provide loans to individuals and groups for
agriculture, MSMEs, housing, and women empowerment (Table 3).

Though eligibility criteria, tenure, and purpose of loans vary from country to
country, however, the target group is the same (poor people).

5.1 Microcredit and family farming

Microcredit serves as a support system for family farms. Agriculture in developing
and underdeveloped regions of the world is dominated by family farms. Family farms
provide above 70% Of the global food supply [22]. Food and Agriculture organiza-
tion-defined family farms as “An agricultural holding which is operated and managed
by a household and where farm labor is mainly supplied by that household” [23].
According to Hazell et al. [24] a farm where the main purpose of growing staple food
for the consumption of households and where the majority of the labor is supplied by
household members. Family farms are different from other farms in many perspec-
tives; freedom provided by self-employment, intergenerational continuity, residence
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on farms 9owner lives on the farm or in a nearby village, etc. In short family, farming
is a lifestyle and tradition [22]. In recognition of its importance for humankind and
the global economy, United Nation celebrated 2014 as a year of family farming.

6. Role of microcredit in sustainable rural development

Microcredit has been widely used as a development tool, especially in rural areas.
Rural development is concerned with improving the quality of life and social, eco-
nomic wellbeing of the people living in the rural areas. Sustainable rural development
is little different from rural development. It also focuses on the environmental condi-
tions of rural areas and the ability of future generations to meet their own needs.
Therefore, the daily basic needs of the rural population are covered by realistic public
utilities combined with technical, socioeconomic, and environmental conditions to
support regional economies and urban-rural linkages [11]. The rural people must also
develop some non-farming activities paired with farming systems, to counter the eco-
nomic shocks and environmental challenges in the context of climate change. Based
on the sustainable rural development aspects, the microcredit role cannot be ignored.
Where the rural areas face many challenges especially in agriculture (major source
of income) they need capital/financial support to manage their daily needs, but the
main source of finance can be only microcredit because it is the loan available for the
small farmers without collateral. Where the concern is sustainable rural development,
the rural people’s needs (especially small farmers) financial capital to overcome and
timely manage their problems faced in daily life. Microcredit has a multidimensional
and interlinked impact on rural areas.

Family farming—one important role played by microcredit is in the sustainability
of family farms (discussed above). Farmers engaged in family farming solely rely on
agriculture as a source of income, hence, their credit needs are higher compared to those
with off-farm incomes. Large and commercial farming is posing a serious threat to the
existence of family farms. Considering the socio-cultural, economic, and environmen-
tal contributions of family farming there is a greater need to protect and preserve it. In
2014, the importance of family farms for sustainable agriculture and rural development
was greatly highlighted. Family farming is solving the problem of food security, nutrient
supply, unemployment, and controlling rural outmigration. Hence, by providing timely
and inexpensive credit to family farms, a tradition (family farming) can be preserved,
and many issues faced by rural areas can be addressed.

Microcredit role in rural development is not limited to just family farming, it can
play important role in capacity building of human resources, promoting cooperative
culture, expanding production area, enhancing marketing capabilities of farmers,
protecting and developing rural heritage and rural life, providing a safety net against
climate shocks, controlling rural-outmigration, and reducing hidden or seasonal
unemployment. Furthermore, the role of microcredit in the social, economic, and
environmental development of rural areas is discussed below.

6.1 Economic development of rural areas

Among all other things, poverty and food security are the greatest threat to the
existence of humans, and rural areas are home to a majority of poor people. Poverty
is the situation in which the people lack the usual and socially acceptable amount
of money or material possessions [25]. Lack of income and resources limited the
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capabilities of rural populations which leads to severe poverty. The provision of credit
to the poor has been considered an important strategy to reduce poverty and promote
rural entrepreneurship. Meehan [26] found in their study that, offering microcredit
to rural people plays an important role in alleviating poverty and ensuring food
security. Increased access to financial services enables the poor to smooth consump-
tion (in case of adverse shocks), start or expand a business, cope with risk and
diversify income. Microcredit distribution to the poor people of rural areas enables
them to overcome their financial problems and limited resources. A small amount

of loan or capital facilitates the rural people to generate small business opportuni-
ties generating enough income to feed their families, send their kids to school, and
build suitable housing [27]. Shirazi and Khan [28] explored the positive role of
microcredit in poverty alleviation and stated that microcredit reduced the poverty by
3.05 percentage points in the period of study under consideration. Moreover, access
to credit empowers the rural poor by improving their access to production facilities.
Microcredit enhances self-reliance, assists in the creation of employment opportuni-
ties, and engages women in economically productive activities. The provision of
timely credit at an affordable rate increases the capacity of investment in a productive
manner and may help to generate high income and improve the social and economic
standards [29]. Kasali et al. [30] analyzed the role of microcredit in poverty allevia-
tion in Nigeria. They stated the significant impact of microcredit on poverty reduc-
tion in the countries.

The role of SMEs in the development of any economy cannot be ignorable. Small
and medium-sized business needs sudden financial capital to overcome the uneven
changes in financial and market conditions. SMEs plays important role in generating
a high income, and employment in areas that contribute to the economic growth of
the country [31]. Rural areas SMEs are also very important in the development of the
rural areas. SMEs plays role in the alleviation of poverty (social and economic sustain-
ability), and improvement in the income of poor peoples (economic sustainability).
Waliaula [32] described the strong and significant relationship between microcredit
and SMEs in Kenya. Similarly, the SMEs owned by the women also need microcredit
occasionally. The timely provision of microloans helps the women entrepreneurs to
empower themselves and support their families which contributes to the sustainable
development of the rural areas. Alhassan et al. [33] described the significant impact of
microcredit on the average monthly profit earned by the women borrowers running
SMESs themselves in Northern Ghana. Ruslan et al. [34] also stated the sale growth of
SMEs with microcredit borrowers was having high sale growth and employment than
non-microcredit borrowers.

Access to credit helps the rural economy in many ways; access to credit improves
the ability of the households to meet their financial needs, enables farmers to
purchase improved agricultural inputs and adopt modern technology, which in
return increases the income of smallholders and break the perpetuity of poverty
cycle they are entangled with. The positive impact of microcredit on uptake of
improved inputs and increased agricultural productivity are extensively discussed
in the literature. Zuberi [35] found that more than 70% of the microloans availed
by smallholders are used in purchasing quality inputs. Rahman and Khandker [36],
Khandker and Farugee [37], Ahmad et al. [38] and Chandio et al. [39] found posi-
tive impacts of microcredit on the productivity of recipient farmers. Agriculture
is an important source of income to rural households in most developing countries
[40]. Agricultural productivity largely depends on the traditional farm technologies
and land management practices which are labor and capital intensive. The poor
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rural people normally lack financial capital which limits their capacity to manage
their farm at an efficient level. Access to microcredit has a positive impact on agri-
cultural productivity. It provides the poor farmers with liquid capital to purchase
timely farm inputs [41]. The timely purchase and application of critical farm inputs
increase agricultural productivity. Ashaolu et al. [42] found that the user of micro-
credit was attaining higher profit than the non-user. Microcredit also increases the
technical and economic efficiency of farmers by overcoming their financial con-
straints which affect their purchase of farm inputs on time. Moreover, it also allows
the farmers to shift the most remunerative crops (Figure 1) [43].

6.2 Social development of rural areas

Microcredit stands to benefit the poor individual who lacks collateral, steady
employment, verifiable credit history, or other requirements necessary to gain
access to formal credit [44]. By putting money into the hands of poor families,
and particularly poor women microcredit has the potential to increase households’
health and education, empower women. Microcredit helps the rural poor to increase
their productive capacity by bringing improvement in their human resources and
financing [45]. The role of women in the rural economy area is significant and is not
ignorable. They work as wage earners, farmers, and entrepreneurs. Empowering
rural women has a significant impact on productivity and agricultural-led growth
[46]. They are key agents for rural development by their agitator role toward gain-
ing the transformational social, economic, and environmental changes necessary
for sustainable development. Their limited access to credit, education, and health
care facilities limit the capabilities of women in performing their active roles [47].

Emplayment Generation
Poverty Eradication
Entrepreneurship
Higher Productivity
Small and Medium Enterprises
Improving living Standards

Economic
Sustainability

‘Women Empowerment
Gender Equality
Better Education

Low Rural Out-Migration

Better Health

Social
Sustainability

Microcredit

Development

Green Entrepreneurship
High Input-use Efficiancy
Use of Modern Technology/Inputs
Renewable Energy

Environmental
Sustainability

Figure 1.
Relationship between microcredit and sustainable rural development.
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Microcredit can play a significant role in empowering poor women in rural areas.
Ahmed et al. [48] described the role of microcredit in reducing the vulnerability of
women living in rural areas. They assessed that the women with credit were generat-
ing high profits than those without credit access. They also stated that the borrower
women obtained significantly high income which reduced their vulnerability effec-
tively. Similarly, Shah and Butt [49] described the positive impact of microcredit on
the socio-economic empowerment of female borrowers in Pakistan. Consequently,
women’s empowerment in rural areas increases the social and economic sustainability
contributing to sustainable rural development. It is also evident that the women

are more concerned about the environment and their role to manage the natural
recourses of their families [50]. Microcredit also improves the well-being of women
and their families. Nader [51] confirmed the higher children’s education and avail-
ability of assets and the high-income level in the families of the women who borrowed
the microcredit.

6.3 Environmental development of rural areas

The role of microcredit in the development of rural areas and economies around
the world is not mysterious. Where microcredit became popular in uplifting produc-
tivity, poverty alleviation, generating a high income, and employment opportunities,
its impact on the environment is also very important to assess. It is expected that
microcredit plays important role in the adaptation of climate change. The timely
availability of finance to the poor asset them to adopt the climate adaptation strate-
gies such as irrigation technologies, harsh weather tolerant varieties, etc. Jordan [52]
described the positive relation of microcredit and the adaptation of climate change
strategies. Moreover, the microcredit to the poor in rural areas assists them in gener-
ating their high income and lowering their poverty level which requires the quality
of the environment with time. They also have the chance of diversified income levels
which reduce the risk of loss and have beneficial impacts on the environment [53].
The multidimensional impacts of microcredit in development can be sustainable, for
example, microcredit helps the poor to alleviate their poverty which leads to uplifting
their socio-economic sustainability, and once they are sustainable in their socio-eco-
nomic conditions they require a quality environment. For this, microcredit institu-
tions should focus the green entrepreneurship. The timely application of inputs for
getting high yield and high income and becoming diversified in earning sources
coupled with the environment care leads toward sustainable rural development.

6.4 Role of microcredit in achieving SDGs

Microcredit plays a vital role in achieving many sustainable development goals
(SDGs) directly or indirectly. Figure 2 describes the possible role and functions of
microcredit for achieving the SDGs. The possible direct impact of microcredit on
achieving the 1st SDG called “No poverty” has been extensively addressed in the
literature. Microcredit is provided to the poor people who live on $1.25 or $2.00 per
day. Poor families through microcredit can reduce the poverty, and ensure smooth
consumption [54]. Malnutrition is also a very serious problem worldwide. To over-
come this global problem, many studies have described the link between microcredit
participation and the nutrition status of participants. Hamad and Fernald [55]
reported the positive effect of microcredit on nutritional status and the food security
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Role and functions of microcredit to achieve SDGs.

of the participants. Similarly, the socioeconomic and health association has been
widely unearthed. The poor people and those having low socio-economic status
experience poor health. Microcredit provides the financial resources to the poor
people to establish their small businesses, generate their income, and approach their
self-sufficiency. In this way, the income and health link are widely acknowledged
worldwide [56]. Poverty and health inequalities are indistinguishably linked, and
microcredit is the option that can focus on multiple factors like no poverty, good
health, low hunger, and better education, etc. Amin et al. [57] described that the
poor families who joined the microcredit program tend to have better access to insur-
ance. The 4th SDG “Education” is also approachable by the participation in micro-
credit programs. The poor families in the rural area mostly remain busy in farming
and they keep their children working at the farm to stabilize their financial position.
Consequently, their children remain absent from school. Microcredit helps them to
stabilize their financial condition, and their children are more likely to attend school.
Nader [51] find out a strong association between microcredit and children’s educa-
tion. Based on the discussion, microcredit has caused the change in income, enabled
the participants to provide better health care, increase the provision of nutrition to
the children, increase household consumption, enhance female empowerment, and
enable the participants to save more [58].
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6.5 Evidence from different countries

Microcredit has a positive impact on women’s empowerment [59] which improves
their family income and nutrition level. In Pakistan, it was s found that microcredit
played important role in poverty alleviation and poverty reduced by 3.05% [28].
Similarly, in Bangladesh, every year, almost 1% of the total population is coming out
from poverty in the country because microcredit played an important role in break-
ing out the vicious cycle [60]. In Zimbabwe, the microcredit borrowers experienced
higher average growth in their business profit and family income [61]. In such a way,
microcredit in terms of entrepreneurship is also very successful, especially in the
case of women. In Malaysia, the microcredit entrepreneurs’ profile was explored,
and financing is one of the main variables that significantly affected the success of
microcredit entrepreneurs [62]. Similarly, in Sri Lanka, the significant impact of
microcredit on women entrepreneurship was found [63]. Moreover, the microcredit
impact on nutrition can be explained by quoting the example from Malawi, which
described that women’s access to microcredit improved the young girls’ long-term
nutrition level [64].

7. Conclusion

Rural areas are facing problems of endemic poverty and hunger across the globe.
Especially, in developing countries, rural economies are largely dependent on
agriculture. A significant proportion of the population in these countries earn their
livelihood from agriculture. Small landholdings, degrading soil and water quality,
declining productivity, and low profits are making agriculture an unattractive busi-
ness in these areas. Consequently, the world is facing challenges to achieve sustain-
able development in rural areas. Three pillars of sustainable rural development;
economic, social, and environmental development depend to large extent on solving
resource constraints of the rural population. Access to financial resources is one of
the significant resource constraints for rural people. Microcredit which emerged
from Bangladesh has the potential to ease the financial constraints of rural people.
Microcredit offers small loans to poor people who have less or no collateral and are
often ignored by the conventional banking system. Positive impacts of microcredit on
poverty alleviation, employment generation, women empowerment, curbing rural
outmigration, food security, better health and education, climate change adaptation,
and green entrepreneurship are extensively documented in the literature. Hence,
microcredit can be used as a tool to achieve sustainable rural development through the
economic, social, and environmental development of these areas.
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Cattle in Antioquia, Colombia
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Abstract

This chapter has been written with the purpose of increasing knowledge regarding
the characteristics of soils dedicated to dairy and beef cattle farming in Antioquia,
Colombia. Statistical analysis included several generalised additive models, with additive,
smoothing, and tensor effects, such as geographic position and chemical parameters.
Findings showed most farms belonged to small producers, 86.5% of cattle farms being
family owned. Rotational grazing is the predominant system in 93% of farms; 58% of
dairy farms and 94% of beef cattle farms do not fertilise their pastures. Results show
high variability of soil chemical parameters. There are high levels of iron and low levels
of sodium. Macronutrients, such as phosphorus and potassium show high levels in some
dairy subregions and medium to low levels in others. Calcium (Ca) and magnesium levels
are low for all subregions, excluding “Urabd” and “Occidente.” Most subregions have
organic matter (OM) levels below 13%. The distribution of some chemical parameters is
related to geographical location, such as pH and Ca, which change according to latitude
and longitude. Different correlations were found amongst OM, total nitrogen, Ca, and
exchangeable aluminium. Due to the high variability of soil fertility parameters, manage-
ment programmes should be implemented for each distinctive production system.

Keywords: available nutrients, farming systems, fertilisation programme, geographic
information system, organic carbon, soil acidity, sustainable production

1. Introduction

Soils are the basis for sustainable production and the supply of nutrients to plants. The
general aspects of soils and sustainability are as follows—soils are part of a fragile natural
environment, so it is important to understand how they are formed and sustained, as well
as how they relate to agriculture, forestry, ecology, conservation, and other areas of knowl-
edge [1]. The variability of soil nutrients is affected to different degrees by soil formation
factors. These factors, declared by Jenny are parent material, relief, climate, time, and
potential biota [2]. Soil is considered an open and non-equilibrium system [2, 3]. The effect
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of humans on soil systems must be studied in the future to find new solutions to conserve
the planet [2]. Furthermore, macronutrient stocks of nitrogen (N), phosphorus (P), and
potassium (K) show significant spatial and temporal variability in soil [4].

Sustainability in pasture soils—environmental sustainability tends to reduce
the inputs required for animal production by making more efficient use of internal
resources. In this case, the correct management of pasture productivity may con-
tribute [5] because the rational application of fertilisers and amendments helps in
reducing nutrient leaching, and also, it could limit greenhouse gas emissions of CO,,
nitrogen, and others. In general terms, grassland soils can contribute to maintain the
existence of carbon at least in the first cm of soil from the surface.

To contribute to sustainability, it is important to maintain grassland carrying capac-
ities, use organic sources, and implement conservation practices—like to sow different
kinds of trees or even to maintain the diversity of species, looking to contribute to
conserve the soil is a key to any kind of system of production in agriculture. Sustainable
soil management is key to achieving several SDGs (sustainable development goals)
due to the dependence on plant production or different soil processes. Furthermore,
agricultural research programmes should contribute to healthier soils [1].

Nutrient cycling in pastures: CH, and N,O emissions need to be reduced from the
livestock systems, and soil organic carbon (SOC) must be conserved [6]. Rational
fertiliser programmes contribute to optimising grassland management systems to
minimise environmental impacts and maximise pasture productivity.

Availability of nutrients in soils and fertilisation program—chemical elements
for plant nutrition have high spatial variability, especially in agricultural soils [7]. It
is essential to know the chemical properties of soils to be able to identify areas that
require management practices.

Impact of cattle farming on soil fertility—international reports on the impact of
cattle farming on soil nutrient conservation have shown that dairy farming extracts
at least 2.5 times more nutrients, such as N, P, K, Ca, and S than beef farming [8].
Although cattle systems can provide some nutrients and contribute to maintaining
soil fertility, which can reduce the use of amendments and fertilisers [9].

General description of soils in Antioquia—according to the general soil survey, soils
in Antioquia are very variable in terms of their parent materials, relief and climate. There
are soil orders with different degrees of paedogenetic evolution—soils with a deficiency
in paedogenetic evolution such as Entisols, soils with a low degree of evolution specifi-
cally Inceptisols and several have mixed evolution including Andisols and Mollisols. The
main factors limiting the use and management of soils in Antioquia are the slopes which
range from slightly steep to very steep, erosion, extreme values of moisture content, acid
reaction, high aluminium saturation, and low to very low fertility. Some alluvial valleys
and piedmont landscape soils have moderate to high fertility [10].

2. Materials and methods
2.1 Location and sampling

The Department of Antioquia is located in the following coordinates—top right
(8°52'25,748” N; 73°52'51,958” O), lower right (5°25'6,798” N; 73°52'51,958” O), top
left (8°52'25,748” N; 77°7'40,239” O), lower left (5°25'6,798” N; 77°7'40,239” O).

Representative soil cartographic units were selected in areas dedicated to
the cattle production system. The farms were sampled according to the access
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roads, and the consent of the producers to sample their farms, amongst other
criteria. A total of 440 soil samples were collected from farms dedicated to milk
and meat production in different subregions of the Department of Antioquia.
Each sample was taken at a depth of 20 cm, making a zigzag path and avoiding
taking subsamples at non-representative sites. A square-shaped hole was made
and the subsample was taken from the central part of the walls where the soil on
the edges was eliminated. About 10-15 subsamples were obtained and placed in
a clean container, which was then mixed and homogenised and approximately

a one-kilogram sample was taken. Subsequently, they were packed in boxes to
prevent the entry of light and taken to the laboratory to perform chemical analy-
sis. The analyses were carried out by wet chemistry using methods certified by
the Colombian Corporation for Agricultural Research (AGROSAVIA) in Bogota,
Colombia.

2.2 Statistical model

Several generalised additive models were built. The models included various
effects, such as longitude (from —76.82 to —74.62 W), latitude (from 5.71 to 8.76 N),
altitude (from 0 to 2900 m above sea mean level), geoform (wavy, flat, and slope
geoform) and also the combinations of the parameters soil chemicals. The analyses
were performed with the MGCV library [11] of the statistical software R-project [12].
The Bayesian Information Criterion was used to select the best models.

3. Results and discussion
3.1 Overview of dairy and beef cattle farms in Antioquia

Cattle farms are located in mountain landscapes and are mostly small producers
(Figure 1). Approximately 70% of farms visited have an area of less than 30 hectares,
indicating that most belong to small producers. They are distributed throughout
the department. Many of the producers use some amendments and fertilisers in the
pasture fertilisation programmes (Table1).

The size of the farms visited was between 2 and 20 ha for most of the dairy farms
and between 2 and 100 ha for the beef cattle farms (Figure 2). In Antioquia, the
predominant area of rural farms is less than 100 ha [13]. In Colombia, 83% of the
Agricultural Production Units dedicated to beef cattle have an area of less than 20 ha,
which indicates that the predominant area of beef cattle farms in Antioquia is larger
than the average for the country [14].

According to the United Nations, the dairy sector can contribute to a selection
of sustainable development goals, such as “No poverty in rural areas,” as most dairy
farms are small and located in developing countries [15]. Added to this, other authors
[16] indicate that milk is mainly produced in mixed crop-livestock systems by small
farmers in low-income countries. The authors also consider that dairy farms increase
pressure on natural resources as most production systems tend to increase the size of
their livestock to meet the growing demand for dairy food.

Most of the cattle farms in the study area were owned by farmers (Figure 3).

This is encouraging as it contributes to the permanence of farming families in the
Colombian countryside. Official data reported eight years ago indicated that 72% of
dairy farms were owned by producers in the Department of Antioquia [14]. Studies in
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(b) Typical eef fars .
Figure 1.

Typical dairy and beef farms in Antioquia. (a) Author: Manuela Ortega Monsalve. (b) Author: Maria Mercedes
Murgueitio.

other countries, such as Turkey, highlight the importance of the role of small families
in dairy production; with farms averaging just 7.2 hectares and the contributions of all
family members in activities related to animal production [17]. Women are involved
in production, harvesting, processing, transport, and other important activities in
agricultural production systems [18]. The participation of women in dairy farming
systems assists towards their economic independence, which should be a blueprint
for all women worldwide. It is worth noting that according to the SDGs 5 “Gender
Equality,” there have been achievements, but many challenges remain [19].

Rotational grazing is the predominant system with 93% of the cattle farms visited
(Figure 4). In this grazing system, animals start from an initial paddock and then
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Parameters Dairy cattle Beef cattle

Predominant 2-20 ha 2-100 ha

area

Grasses Cenchrus clandestinus, Urochloa spp., Urochloa spp., Cynodon nlemfuensis,
Cynodon nlemfuensis, Axonopus spp., Hyparvhenia rufa, Ischaemum indicum,
Paspalum spp. Axonopus spp., Paspalum spp.

Predominant soil Inceptisols, entisols, andisols Inceptisols, entisols

orders

Most common Calcium carbonate, composted and Calcium carbonate, composted and fresh

amendments fresh organic fertilisers from different organic fertilisers from different animal
animal manures manures

Most common Urea, compound fertilisers: 15-15-15 Urea, compound fertilisers: 15-15-15 (15%

fertilisers (15% N-15% P,05-15% K,0), 31-8-8 N-15% P,05-15% K,0), diammonium
(31% N-8% P,05-8% K,0) phosphate (18% N-46% P,05-0% K;0)

Table 1.

General information of the farms visited.

Number of dairy farms

2

80

70

60

50

40

30

20

Number of beef cattle farms

10

Figure 2.

F T 8T e e e

Size of dairy farms (hectares)

82 79

Size of dairy and beef cattle farms in the subregions evaluated.
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F 72 (14%) r 64 (13%)

432 (86%)/ 428 (87%}/

= Rented or leased dairy farms m Rented or leased beef cattle farms
= Owned dairy farms = Owned beef cattle farms
Figure 3.
Type of ownership of dairy and beef farms.
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Figure 4.
Graging systems used in the dairy and beef farms visited.
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fertilise  fertiliser  fertiliser chemical reported
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Figure 5.
Types of fertilisers used on dairy and beef cattle farms.

go through other paddocks until they return to the first when it is ready to be grazed
again [20, 21]. In a study of beef cattle systems in Antioquia, using Criollo cattle
breeds, it was found that 96% of producers use rotational grazing systems, and 4%
use silvopastoral systems [22]. Silvopastoral systems include trees, shrubs, pastures,
animals, and other crops, provide a good forage supply for animals, contribute to
biodiversity conservation, contribute to nutrient recycling and soil fertility conserva-
tion, and provide shade, amongst other benefits [23, 24]. This indicates that amend-
ments and fertilisers are required in most cattle production systems. However, there
has been an increase in the establishment of silvopastoral systems in the country in
recent years; these systems could positively contribute to the reduction of agrochemi-
cal application, and thus to environmental sustainability.

The type, amount, and form of application of fertilisers can affect the sustain-
ability of pasture production. Of the 488 dairy farms in this study, 58% of farms do
not have fertilised pastures, whilst the other 41.6% have fertilised pasture present.
Approximately 33.4% of the farms use chemical fertilisers, 5.7% use organic fertilis-
ers, 2.5% use a mixture of chemical and organic fertilisers and 0.4% of the dairy cattle
farmers did not answer the survey question. In contrast, of the 428 beef cattle farms,
it was found that 94.2% do not fertilise their pastures, while the remaining 4.7% do
fertilise their pastures. 2.1% of the producers use organic fertilisers, 2.1% of the farms
use chemical fertilisers, and 0.5% use a mixture of chemical and organic fertilisers. In
addition, 1.2% of beef cattle producers did not answer the survey question (Figure 5).
The above described demonstrates the low technological level of fertilisation manage-
ment in beef cattle production systems compared to dairy cattle production systems.

According to the SDGs, implementing agricultural sustainability can help reduce
poverty [25]. Although it was found that most farmers do not apply fertilisers, it is
important to conserve the soil as the basis of agricultural production. For this reason,
nutrient levels in soils must be determined in order to help implement rational man-
agement programmes according to the needs of the pastures. In this way, it contrib-
utes to the sustainability of livestock production in the conditions of the Colombian
tropics.

3.2 Variability of the chemical parameters of the soils

There is a high variability of the chemical parameters of the soils in the
Department of Antioquia. We show partial information on the descriptive statistics
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for some chemical parameters found for each subregion (Table 2). The maximum
and minimum values found for most of the parameters presented very extreme
values, which may indicate that in some farms the producers use high applications
of fertilisers and amendments or it could also be that the taking of some soil samples
for chemical analysis performed on recently fertilised paddocks. The general fertil-
ity parameters of the soils analysed are in accordance with that described by other
authors [10]. Moreover, the levels found for soil nutrients are compared with the
levels established for Colombia according to the ICA (Colombian Agricultural
Institute) [26].

In general terms, the only nutrient with high levels in the soils studied is iron,
the one with low levels in all soils is sodium. The electrical conductivity values
(0.17-1.12 dS/m) and sodium levels (0.15-0.45 cmol(+)/kg) of the soils analysed
indicate that they do not present salinity problems. In Colombia, soil sodium levels
(Na < 1 cmol(+)/kg) are considered ideal values. Macronutrients, such as phospho-
rus, potassium, and sulphur, had high levels in some dairy areas (North and Valle de
Aburra subregions). These values were higher than 30 mg/kg, 0.4 cmol(+)/kg and
10 mg/kg for P, K, and S, respectively. In the other subregions, these nutrients had
medium to low levels.

The Ca and Mg available bases are low for all subregions, except for the Uraba
and “Occidente” subregions. However, the Ca:Mg ratio in these two subregions is
low. This indicates that amendments containing calcium and magnesium need to be
applied in all subregions, either to raise the levels of available bases or to improve
the Ca:Mg ratio, which is recommended to be maintained at 3:1. The application
of amendments would help to neutralise the exchangeable aluminium and as a
consequence increase the pH, which tends to be acidic in most of the subregions of
Antioquia.

Micronutrient levels are adequate for most of the soils analysed under the sam-
pling conditions of this study. Cation exchange capacity (CEC < 10 cmol(+)/kg) is low
in all subregions, except in the Urabd subregion (CEC = 15.83 cmol(+)/kg).

Although most areas have low to medium levels of organic matter (OM < 10%),
the total soil nitrogen level is medium to high (TSN from 0.16 to 1%), which possibly
indicates high mineralisation rates due to tropical conditions and in other cases could
be due to excessive nitrogen application, mainly in dairy pastures. In the soils anal-
ysed, the loam textural class predominates, indicated by sand levels in the range of
36-52%, clay levels from 8 to 34%, and silt levels from 20 to 43%. The subregions of
Uraba and Occidente present a clay loam textural class.

Previous reports on some dairy farms in the Oriente subregion were also charac-
terised by acidic soils (low pH and exchangeable aluminium values of 1.2 cmol (+)/
kg), similar Na values (0.02 cmol(+)/kg), and also low P levels (3 mg/kg). In
contrast to this, there were low levels of available bases found for Ca, Mg, and K
(0.09, 0.16 and 0.1 cmol(+)/kg respectively), while organic matter (OM > 22%)
and boron (0.7 mg/kg) levels were high [27]. Another author [28] reported similar
levels of P (9.4 mg/kg), K (0.29 cmol(+)/kg) and organic matter (OM = 5%) in
pasture soils of the Occidente subregion. They also presented clay loam texture
(34.7% sand, 34.5% clay, and 30.8% silt) similar to that found in this study. The
other chemical parameters presented higher levels than those found on farms in the
Occidente subregion, mainly pH 6.94 and available bases of 24.7 and 10.2 cmol(+)/
kg for Ca and Mg, respectively [28]. In another study in the Norte subregion,
similar levels of pH, Al, EC, and K and different values for organic matter and
phosphorus were found [29].
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Some models were selected based on the verification of the significance of each
effect and the lowest Bayesian Information Criterion (BIC). For the variables, soil
organic matter and total soil nitrogen a value of R* > 0.85 was found, while the other
variables showed a lower adjustment (Table 3).

The distribution of some chemical parameters in the department is related to
the geographical location. It was found that parameters, such as pH and calcium
level, showed homogeneous variations according to latitude and longitude, while
some parameters, such as organic matter and phosphorus level, were highly
variable and did not show any distribution according to geographical location
(Figure 6).

3.3 Relationships amongst some of the chemical parameters of the soil

The soil parameters organic matter, total nitrogen, and calcium were positively
correlated. Calcium levels showed a negative correlation with exchangeable alu-
minium, which is common for acidic soils in the tropics (Figure 7). Similarly, organic
matter and calcium parameters also showed positive relationships for dairy cattle soils
in the Norte subregion of Antioquia [29].

The altitude of the farms influences the pH values of the soil. Soils with acidic
pH have low levels of calcium readily available (Figure 8). The low amount of
available calcium is normal in tropical soils with naturally acidic conditions
due to high rates of mineralisation and leaching of soil bases. In addition, it was
found that medium to low levels of calcium and potassium are positively related
to phosphorus levels (Figure 8). However, this relationship does not occur when
phosphorus levels are high, due to the high applications of phosphorus fertilisers in
some cattle farming areas, which also occurs in several crops in other areas of the
country [30].

Independent Smooth variables model Rsquare Deviance Number of
variable adjust explained observations
(%)

Soil organic Latitude by longitude, total soil 0.86 87.5 236

matter nitrogen by calcium

Total soil Latitude by longitude, soil 0.88 88.8 438

nitrogen organic matter

pH Latitude by longitude, latitude, 0.76 77.0 326
calcium

Calcium Latitude by longitude, soil 0.70 73.6 285

organic matter by aluminium,
magnesium, potassium

Phosphorus Latitude by longitude, calcium, 0.54 58.4 219
potassium
Potassium Latitude by longitude, 031 33.8 346

magnesium, soil organic matter

Sodium Latitude by longitude, soil 0.27 30.5 126
organic matter by aluminium

Table 3.
Parameters of the selected models for the analysis of some variables.
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Figure 6.
The general behaviour of some chemical parameters of dairy and beef cattle soils in Antioquia, Colombia.

3.4 Integrated management of pasture fertilisation
Fertiliser applications to pastures without prior measurement of soil nutrient

levels can affect soil health, the quality of food produced, and environmental sustain-
ability. In the department of Antioquia, fertilisers are used in 50% of the Agricultural
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Figure7.
Relationship amongst the levels of organic mattey, total nitrogen, calcium, and aluminium.

Production Units [31]. Of the 185,000 tonnes of fertilisers consumed annually in
Antioquia, 43% are compound fertilisers, 31% are simple fertilisers, and 25% are
fertiliser mixtures [32]. Cattle systems use less fertiliser than reported for agricultural
crops.

This study highlights the need to consider the fertility of soils and fertility pro-
grammes when we are looking for options to improve the efficient use of resources on
smallholder farms. According to the results found, pasture fertilisation programmes
in the analysed dairy and beef cattle subregions should be based on the application
of calcium and magnesium amendments, the application of some macronutrients,
and, in some areas, the application of some micronutrients, such as boron, is recom-
mended. The low cation exchange capacity (CEC) in most subregions, except for the
Urabd subregions, also highlights the importance of improving the levels of available
bases, such as calcium, magnesium, and in some cases potassium, key elements for
pasture nutrition.

We recommend the specific amendment and fertiliser programmes for each
zone according to the soil analysis. It is important to make recommendations
according to the botanical composition of the pastures, their biomass produc-
tion, the type of grazing system, and the agronomic management implemented
in each production system. To contribute to environmental sustainability, do not
over-apply fertilisers, this will, therefore, conserve soil biota, contribute to the
reduction of greenhouse gases, avoid contamination of water sources, and limit
the loss of nutrients through leaching, contribute to animal health, amongst other
beneficial effects. The measured application of nutrients and the implementation
of appropriate agronomic practices contribute to sustainability in cattle produc-
tion systems.
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Most of the farms visited belong to small producers, with 86% of the farms being
owned by the producers and 70% of the farms being smaller than 30 ha. In 93% of the
cattle farms, the continuous grazing system is most predominant, with fertilisation
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programmes implemented in 42% of the dairy farms and only in 5% of beef farms.
The above indicates the low technological level of fertilisation management in beef
cattle production systems compared to dairy cattle production systems in the subre-
gions visited in the department of Antioquia.

The results of the soil analyses show high variability of chemical parameters in the
studied subregions of the department. Micronutrient levels are adequate for most of
the soils under the sampling conditions. Cation exchange capacity is low in all subre-
gions except Urabd. Macronutrients, such as phosphorus and potassium, showed high
levels in some dairy subregions and medium or low levels in the other areas. Other
nutrients showed variable levels, possibly due to geographical location, soil and cli-
matic conditions, grazing systems, botanical composition of pastures, and agronomic
management; amongst other factors related to cattle production systems.

The distribution of some chemical parameters in the department is related to
geographical location, such as pH and calcium, which had homogeneous variations
according to latitude and longitude. Positive correlations were found amongst the
parameters—organic matter, total nitrogen, and calcium; with negative correlations
for calcium levels with exchangeable aluminium.

Pasture fertilisation programmes in the analysed dairy and beef subregions should
be based on the application of calcium and magnesium amendments, some macro-
nutrients, and some micronutrients, such as boron in some specific areas. Therefore,
specific recommendations should be made for each farm based on the results of the
soil analysis and the agronomic management in each distinctive production system.
Thus, under the conditions evaluated, the impact of pasture management should be
implemented to contribute to more sustainable dairy and beef farming.
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Chapter 13

Community Collective Land
Stewardship Contributions to
Sustainable Rural Development:
Lessons from Cubo, Mozambique

Simon M. Munthali, Jeremiah Machavi and Jonas Mongoe

Abstract

This chapter offers lessons on the ineffectiveness of community collective land
stewardship as an enabling tool for local communities in semi-arid Africa to adopt
biodiversity conservation to diversify their income and contribute to sustainable
local-level rural development. While collective community stewardship of land could
have transformed local land from an open accessed commodity into a collectively
managed resource for community prosperity, and ensuring democratic decision-
making, and permanent community benefits for generations, the Mozambique
government’s inability to effectively implement the statutes of its land law thwarted
the Cubo community’s dream to contribute to local sustainable development, due
to competing land use. In the case of Mozambique, a number of factors contributed
to the community’s loss of its land to alternative use/agrofuel production, including
the government’s inadequate political will to enforce the land law’s statutes; ineffec-
tive civil society to protect communities against the booming private interest in land
for investment in agro-based businesses; blind loyalty of community members to
their traditional leaders who are susceptible to corruption and manipulation by the
private sector; illiteracy among community members, which renders them incapable
of fully understanding their legal rights to land; and lack of financial capacity for
the community to take legal recourse against the government’s violation of its land
law. We recommend that the new discourse on land tenure reform in Mozambique
should: critically examine the effectiveness of how the government is enforcing its
land tenure legislation; consolidate processes of accountable governance, transpar-
ency, and promotion of the rule of law. Additionally, Mozambique’ civil society
should: (a) proactively influence the government to prioritize implementation of
existing laws and policies that promote devolved natural resources management to the
local communities, and work on harmonizing cross-sectoral policies and legislation
that improve management effectiveness of land and natural resources; (b) strongly
advocate for implementation of Community-based Natural Resources Management
models that strengthen locally accountable institutions for natural resource manage-
ment and use—enabling local communities to protect their land and associated
resources against foreign acquisitions; (c) improve transparency and effectiveness in
enforcing the land law—to ensure that all its statutes are adequately implemented and
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enforced. The Cubo community’s experience of losing its collectively secured land to

alternative uses exemplifies one of the challenges faced in integrating local communi-
ties in biodiversity conservation and rural development programs in southern Africa,
wherein some situations, power and money could easily trump laws and rules.

Keywords: community collective land stewardship, biodiversity conservation,
sustainable rural development, ineffective land law, land alienation

1. Introduction

Rural development can be defined as a process that seeks social change and sustain-
able economic development for the rural community’s ongoing progress. The goal is to
improve the rural people’s livelihoods and preserve the environment at the local level,
where changes can be seen and felt in a more immediate manner, guarantee intergener-
ational equity, and ensure that the current generation must not compromise the ability
of future generations to meet their material needs and enjoy a healthy environment
[1]. In most African rural areas, agriculture (crop and livestock production) is often
the dominant, and sometimes the exclusive economic sector that is considered as the
driver of rural development. However, dependence on agriculture as the mainstay for
livelihoods and rural development is severely constrained in the semi-arid areas, where
soils are poor, and rainfall is insufficient. Consequently, rural people skewedly depend
on natural resources (forests, wildlife, fish, grazing land, etc.) which are openly
accessed by users, without individual or collective commitment to manage or regulate
the use, which often leads to depletion, and environmental degradation.

To address this tragedy of the commons, the Cubo community in Massingir
District, Mozambique, guided by the Land Law of 1997, chapter 3, Article 9 and
Decree 66 of 1998 secured land rights to collectively manage and commit it to biodi-
versity conservation through the establishment of a Community Conservancy. The
Conservancy was established as a mechanism through which the communities could
partner with the private sector, and directly participate in the wildlife economy,
through ecotourism marketing, selling of live wild animals, production of game meat
to supply in the ever-growing venison market in Mozambique, and other associated
benefits, such as employment in fencing and management of the Conservancy.

This collective community stewardship of land would have transformed local land
from an open accessed commodity into a collectively managed resource for com-
munity prosperity. Under this arrangement, community members who have relation-
ships with the land were expected to practice democratic decision making, and ensure
permanent community benefits for generations. This was the basis through which
communities themselves would have contributed to sustainable rural development
in the Massingir District, Mozambique. This dream was however not realized due to
competing land uses, and Mozambique’s government’s inability to effectively imple-
ment the statutes of the land law and this exemplifies one of the challenges of using
collective land stewardship as a mechanism for promoting sustainable rural develop-
ment in Africa.

This chapter highlights the fragility of community collective land stewardship
as a tool for enabling sustainable rural development and addressing the problem of
the tragedy of the commons. It elucidates the community’s socioeconomic status,
and its rationalization to integrate biodiversity management and sustainable use of
wildlife into its land-use options; outlines the process the community had followed in
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acquiring land tenure security and its governance; highlights possible reasons for the
Mozambique government’s imposition of agrofuel production on a secured communal
land, and provides lessons on Mozambique’s non-committal to its own land law.
Overall, this chapter exemplifies one of the challenges faced in integrating local com-
munities in biodiversity conservation and sustainable rural development in Africa
where power and money could easily trump laws and rules.

2. Cubo community’s socioeconomic profile and rationalization to adopt
collective land stewardship for biodiversity conservation as a strategy
to improve their livelihoods, and contribute to rural development

The Cubo community comprises three adjacent villages (Cubo, Chivovo and
Mbidzo), collectively referred to in this chapter as the Cubo community, inhabited by
at least 2500 people of the Shangaan tribe. Based on a socioeconomic sample survey of
152 households, carried out by Munthali, et al. [2], the Cubo community occursina
predominantly savannah woodland, typified by poor soils, and low and erratic rainfall
(300-400 mm/annum). Consequently, conventional agriculture is generally unsus-
tainable. Hence, people’s livelihoods largely depend on livestock, forestry, and wildlife
resources. At least 51 plant species are being utilized for food, medicinal purposes,
timber, and firewood [2]. In addition, 21 wild animal species are being used for food
leading to the extinction of almost all large mammals outside the protected areas [2].

As the population of this community is predominantly of middle age
(49 * 4.0 years), with a fairly large family size (5 + 2 children per household), the
pressure on natural resources can be expected to escalate with time, aggravating land
degradation and poverty, which is already characterized by unacceptable indices, such
as high illiteracy rate (56.2% among males and 83.8% among females); low employ-
ment (% 6% of the population); and high food insecurity (with 65% of male-headed
and 50% of female-headed households) running out of food within 6 months of the
year; and scanty household possessions [2]. Additionally, social amenities, such as
schools and health facilities are scarce, and community members have poor access to
clean drinking water. Household earnings averaged about US$0.56/day [2], which was
below the US$2/day threshold recommended by the United Nations [3].

In recognition of the high levels of social dissatisfaction, the Cubo community
opted to adopt biodiversity conservation, production of wildlife, and ecotour-
ism development adjacent to the Great Limpopo Transfrontier Park (Figure 1). In
southern Africa, local communities usually adopt biodiversity conservation through
programs commonly known as Community-based Natural Resources Management
(CBNRM). CBNRM has been variously defined as “a broad rubric encompassing a
wide range of resource management programs that share a recognition of the partici-
pation of people who live near or interconnected with natural resources [4], oras a
broad spectrum of new management arrangements and benefits sharing partnerships
for the involvement by people who are not agents of the state, but who, by virtue of
collective location and activities are well placed to enhance the present and future
status of natural resources, and their own well-being [5]. The approach is a commu-
nity based because the communities managing the resources have the legal rights, the
local institutions, and the economic incentives to take substantial responsibility for
sustained management and use of these resources. CBNRM has been firmly rooted in
wildlife management with income earned from tourism and trophy hunting provid-
ing the main economic incentive for rural communities to invest in wildlife as a form
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Figure 1.
Positioning of the secured community land (Cubo, Chivovo and Mbindzo) relative to the Kruger and Limpopo
National Parks (map drawn by Gordon Ringani).

of land use, improving local economic options, and extending the amount of land
used for wildlife across the region to communal areas.

At the core of CBNRM initiatives is widespread recognition among policymakers
that for wildlife to persist outside state protected areas, and private and communal
lands, it must be an economically competitive land-use option for landholders [6].
This perception has led to a proliferation of CBNRM initiatives, all with a common
agenda—integration of biodiversity conservation and improvement of rural liveli-
hoods, with the wildlife economy providing multiple private sectors and community
partnerships opportunities in the live wildlife animal sales, ecotourism supply chain
and game meat production for local consumption as well as commercial trade in
supermarkets and urban restaurants, thus being the trigger for improved household
incomes of the rural poor, who usually have very limited economic capital assets.
Additionally, several compelling reasons have forced governments to adopt CBNRM
as an operational tool for their national biodiversity conservation programs. Notable
among these being (i) a realization that protected areas (a system widely adopted
to safeguard representative examples of ecosystems and biodiversity worldwide)
are expensive to maintain without the support of rural communities, and are rarely
financially sustainable in the face of competing demands on dwindling government
budgets [7, 8]; (ii) the growing realization both from the conservation movement,
starting with the 1980 World Conservation Strategy [9] and within the rural develop-
ment theory of the importance of understanding the needs and perspectives of local
people; and (iii) the Convention on Biological Diversity, which emphasizes three
equally important objectives: conservation, sustainable use and equitable shar-
ing of benefits—has reinforced the role of local people in nature conservation and
management.

For the Cubo community, their quest to venture into CBNRM, through the estab-
lishment of a Community Conservancy, under a community-private sector partner-
ship was triggered by an opportunity arising from its location adjacent to the Great
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Limpopo Transfrontier Conservation Area (GLTFCA). The Conservancy was stra-
tegically positioned where the Kruger and Limpopo National Parks meet (Figure1);
close to the existing tourism markets of the southern end of Kruger National Park (a
world’s renowned wildlife park, which prior to the Covid-19 pandemic attracted more
than a million tourists per annum), and near an airstrip, and the Massingir Dam;
thus, making the Conservancy quite attractive for investments in wildlife production,
and tourism development and marketing—enabling community members to earn
additional income from fencing and management of the Conservancy, and services,
such as the supply of food to lodges, laundry, maintenance of the Conservancy

fence, and waste disposal. Communities would have been shareholders through the
allocation of their collectively owned and secured land to biodiversity conservation,
wildlife production, and, tourism development and would have benefited from profit
dividends.

For the Cubo community securing a collective tenure of its communal land, as
described below, was essential because the provision of security of tenure is a prereq-
uisite for better natural resources management and sustainable development [10].
Rural people generally need both secure individual rights to farm plots and secure
collective rights to common-pool resources, such as flora and fauna upon which they
depend. These are also preconditions for sustainable rural development, which aims
to improve the rural people’s livelihoods and preserve the environment at the local
level, as well as guarantee intergenerational equity, and ensure that the current gen-
eration must not compromise the ability of future generations to meet their material
needs and enjoy a healthy environment [1].

3. Securing land rights: process and governance
3.1Process

Land issues and their relation to poverty have gained great importance throughout
eastern and southern Africa. It has become a high-profile issue in virtually every
country in these regions, more particularly in response to the scramble for land in
the context of privatization and a search for foreign investment. Land held under
various forms of communal tenure has particularly come under serious threats.
Consequently, debates on land reform and provision of secure land tenure systems to
the often-disenfranchised local communities have taken center stage by the govern-
ments, donors, civil society, and NGOs. This need was emphasized at a Conference
on Land, Labour and Food Security in Southern Africa held in Johannesburg in 1997.
During this conference, a Charter was drafted demanding governments, among other
things to acknowledge that equal access to, and ownership of land is a basic human
right, and that land reform policy should: (i) break the monopoly of landholding by
landlords and commercial farmers, and give equal and secure ownership of land to
those who live and work on it; (ii) be developed with full participation and input of
the landless and rural poor, with emphasis given to the interest of rural women and
the youth; (iii) should be driven by the principles of social justice and basic human
needs as opposed to market forces; and (iv) that people who have been displaced from
their land by conflict or unjust policies should have the right to claim their rights to
land [11].

The argument is in favor of consolidating communal land tenure is that customary
tenure which is most prevalent in rural Africa is insecure for the smallholder farmers
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and provides no incentive for land improvements, prevents land from being used as
collateral for credit and that it prevents the transfer of land from inefficient uses to
efficient ones [10]. Provision of communal land tenure security is, therefore, seen as
a precondition for intensifying agricultural production and is increasingly stressed as
a prerequisite for better natural resource management and sustainable development.
In response to these needs, over the past three decades, many countries in eastern and
southern Africa have been addressing the issues of inequitable access to land.

To address the problem of inequitable access to land, the Mozambique government
enacted a land law in 1997, which is supposed to accommodate the new political,
economic and social context and guarantee access and secure tenure to land, both
for the Mozambican local communities and the national and foreign investors [12].
Under this law (Article 1), a ‘local community’ is defined as “a grouping of families
and individuals, living in a territorial area that is at the level of a locality or smaller,
for the purpose of safeguarding their communal interests through the protection of
traditional areas, agricultural areas, whether cultivated or lying fallow, forests, places
of cultural importance, pastures, water sources and areas for expansion”. According
to this Law (Lei de Terra) of 1997, tenure security for local communities is supposed
to be protected in three ways:

i. By recognizing that the right to use land can be acquired by formal request
(Article 12.c of the land law), by occupation by individuals and local communities
according to customary norms and practices (Article 12.a), or by national individ-
uals who have already utilized the land in good faith for at least ten years (Article
12.b), and the law explicitly states that the absence of title and/or registration
does not hinder the right acquired by occupation (Articles 12; 13.2 and 14.2).

ii. Giving local communities an important place in the new legislation. First, they
are explicitly recognized as subjects for the right to use land (Article 10.1).
Second, they are assigned an active role to play in the management of natural
resources, in the resolution of conflicts, and in the titling process to ascertain if
the land is vacant (Articles 13 and 24).

iii. Allowing the proof of land use rights based on testimony by members of local com-
munities, as well as through the presentation of the title document (Article 15).

Thus, in terms of land, the range of rights protection under this law is extremely
broad, encompassing all the major categories of land use among rural communities,
now and in the future. This is re-enforced by: (a) recognition of customary land
rights; (b) granting greater leasehold security to smallholder and commercial inter-
ests—thus strengthening smallholders’ chances to defend their rights in the face of
growing competition for land from commercial interests; and (c) granting women
land rights [13, 14]. Based on these statutes, Mozambique’s land law theoretically
provides an enabling legal framework upon which local communities can harness
collective land stewardship and tangibly participate and benefit from biodiversity
conservation through joint management partnerships with private investors, or with
the state. It was on this basis that the Cubo community secured its rights to land on
which they intended to establish a Conservancy.

Guided by the Land Law of 1997, Chapter 3, Article 9 and Decree 66 of 1998, the
African Wildlife Foundation (AWF) used a step-wise approach in facilitating the
titling and securing of the Cubo community land. This involved identification and
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delimitation of the Cubo communal land. The community was the major player in the
identification of its rights and the delimitation of its territory. AWF simply facilitated
the process of self-determination by providing the community with a participatory
methodology that translated indigenous knowledge into a form that was registered in
amodern registry system—the National Cadastre. The approach was participatory,
allowing the community and its neighbors to delineate and reach a consensus on the
boundary of what they perceived to be their land. The delineated boundaries coincided
with the historical lineage territory over which the Cubo community has jurisdiction
over land and other natural resources, such as wildlife, forests, water, and pasture.

A series of validation mechanisms were integral to the land delimitation process,
whereby the Cadastral Department consulted the neighboring communities to verify
(1) if they were consulted in the process of land delimitation and (ii) if the delineated
boundaries were correct. In addition, the administrator of the Massingir District
ensured that the registration process was transparent and that it considered various
interests of those desiring to secure their land, including the interests of neighboring
communities and other stakeholders, such as the authorities of the adjacent Limpopo
National Park, and the private concessionaires. The outcome of this process included:

* The consensus among different interest groups within the community and its
neighbors, i.e., state-protected area and private concessionaires on the delimi-
tated land for Cubo;

Official mapping of the Cubo communal land (101,000 ha) by the Provincial
Cadastral Department;

Issuing of Certificates of Land Use and Benefit Rights to Cubo community by the
Provincial Governor of Gaza. Thus, offering them a co-title for their communal
land. Co-titling refers to the registration of land that collectively belongs to

the community, and not to individuals within that community. It confirms the
existing rights of the community to their land with the same degree of security as
aland title for a private concession.

Participatory zoning of the secured land, allowing the Cubo community to
accommodate within its secured land various uses, such as allocating land for (i)
the establishment of a Conservancy for biodiversity conservation and tapping
into the wildlife economic opportunities, (ii) settlement and agriculture, and
(iii) livestock grazing, which included areas where community members could
extract forestry resources (fruits, timber, medicinal plants, etc.) (Figure 2).

Of the secured 101,000 ha, the community assigned 41,000 ha (about 41%) of
nearly pristine land to the establishment of a Conservancy, with the potential for
natural dispersal of wildlife from the Kruger and Limpopo National Parks to the
Community Conservancy. The Conservancy’s wildlife carrying capacity, in terms
of biomass, was estimated at 49,200 kg ha™* [15]. Infrastructure and manage-
ment costs for the conservancy were to be initially paid by AWF and in-kind
donations from donors for a period of at least 8 years after which period these
costs would have been taken over by the community and paid for by dividends
from wildlife-based enterprises. The assumption was that by the 8th year, the
Conservancy through conservation enterprises, such as ecotourism, sales of live
wild animals and game meat, etc., would have been financially viable and profit-
able to pay for the Conservancy’s management costs.
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Figure 2.
Cubo secured communal land allocated to biodiversity conservation (map drawn by map drawn by Gordon
Ringani).

Securing and leveraging communal land for biodiversity conservation and tap-
ping into the wildlife economy for the Cubo community was expected to have several
benefits, including:

i. Changing from an open-access resource use regime, where overexploitation is
inevitable to a legally secured common property regime in which communal
right holders would have managed their natural resources (forests and wildlife)
exclusively to preserve and enhance their long-term productive capacity for the
benefits of current and future members of the community. This was especially
important for the Cubo community, where deforestation is rampant due to
charcoal production.

—.

ii. Shifting from subsistence use of forestry and wildlife resources to market-orien-
tated production and marketing would have led to the diversification of house-

hold income for the community holding communal rights to the Conservancy.

iii. Using the secured land/the Conservancy as collateral for the community to
attract extra support (e.g., financial grants, or soft loans) from non-govern-
mental organizations and donors for investment in wildlife production, con-
servation, and ecotourism development. Better access to land resources, with
greater security, is a necessary condition for the community to negotiate joint
partnerships with the private sector in the development and management of the
conservancy.

iv. Providing the community with an opportunity to lease its natural capital assets

(the Conservancy) to the private investor, and this would have been consist-
ent with successful CBNRM programs in southern Africa, which follow an
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empowerment and enterprise approach, where community-based organizations
(CBOs) are registered and contract directly with the private sector [8]; and

v. The community’s quest to establish a Conservancy conformed to the resolu-
tions of the 5th IUCN’s World Parks Congress of 2003, and the Convention on
Biological Diversity 7th Conference of 2004, which recognized and recom-
mended the establishment of “Community Conserved Areas” as the fundamen-
tal mechanism in support to biodiversity conservation, and equitable sharing
of benefits arising from biodiversity conservation [16]. It was also in agreement
with Mozambique’s own legislation on land (Lei de Terra of 1997), and forestry
and wildlife legislation (Mozambique government 1997).

3.2 Governance of the secured land and conservancy

In southern Africa, the legal personality for governing CBNRM is either a trust,
Associagdes (as is the case in Mozambique), communal property association, or
community-based organization (CBO) which is empowered to govern and represent
the communities’ interests in the management of the natural resources. In addition,
the empowerment of communities over their land and associated natural resources,
such as wildlife and forests establishes them as prospective partners in any commer-
cial joint venture deal with private investors, and/or state agencies.

For the Community Conservancy, an Associa¢do was established comprising
three females and seven men elected by the Cubo community. The inclusion of
women was consistent with Mozambique’s constitution, in which men and women
are equal before the law in all aspects of political, economic, social, and cultural
life. As equal members within the community, women representatives are supposed
to fully represent the interest of women within their communities in land manage-
ment decision-making processes and other aspects of socioeconomic development.
The Associagdo was established to reinforce local accountability—a prerequisite for
them to gain direct benefits from investments in conservation-based business and/or
in-kind donations from effective local-level land and biodiversity management. The
roles of the Associagdo were to:

* Consolidate collective rights to land and biodiversity assets;

* Garner collective coercion among the community members in setting rules for
the governance/management and use of their secured land, forest, and wildlife;

* Represent their members in negotiating partnership arrangements with private
investors in the management of the Conservancy, and conservation enterprise
development;

* Promote collectiveness in harnessing equitable sharing of benefits from invest-
ments on the Cubo community land;

* Represent the community’s interests in various developmental endeavors, such as
social amenities (health, schools, roads, water supply), livelihood security (food
production, livestock husbandry, etc.), land use conflict resolution, and other
aspects depending on the community’s needs; and
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* Defend the community’s rights to its secured land tenure.

To fulfill the Associagdo’s mandate, its members were trained by AWF in various
aspects (resource management, conflict resolution, financial management, etc.) to
ensure that it appropriately served the community’s interests and expectations.

4. Vulnerability of community collective stewardship of the land asa
strategy for promoting conservation and sustainable rural development

4.1 Corporate’s grabbing of the community secured land

Despite the Cubo community’s success in legally securing its land rights and
unconditional support from AWF and donors to develop a Conservancy, as a tool
for diversifying its income opportunities and contribute to rural development, the
Mozambique government through its local administration in Massingir District
rescinded its decision to allow the community to develop 41,000 ha of its secured
communal land for biodiversity conservation and wildlife-based enterprise devel-
opment. The state instead signed a contract with a London-based Central African
Mining Company (CAMEC), operating locally in partnership with ProCana for
agrofuel production, with an estimated output of 120 million liters of ethanol [17].
This was intended to be produced from sugarcane that was to be planted over an area
of 30,000 ha of the community land without any compensation for the community’s
loss of its land.

Sugarcane production was preferred despite speculation of serious water avail-
ability problems (http://www.osisa.org/node/10517) and the inability by ProCana to
secure the requisite investment capital for ethanol production [17]. It is estimated that
a liter of agro ethanol produced from sugarcane can use as much as 4000 1 of water
[18]. Therefore, for ProCana to produce its pledged volume of 120 million liters of
ethanol, it would use at least 480 bn liters of water, which would deplete the available
surface and underground water supply in Massingir District; hence from an envi-
ronmental perspective, agrofuel production is not a sustainable venture in Massingir
District. Additionally, the rationale that sugarcane growing, and ethanol production
could create about 7000 local jobs was questionable, especially as similar ventures
in Mozambique have failed to improve rural livelihoods. There is some evidence
that levels of pay offered by agrofuel production ventures in Mozambique are so low
that those employed are not any better off [19]. Furthermore, most agrofuel crops
require little labor, mainly in the form of short-term work clearing the land to make
way for the plantation and some work at harvest time, thus, there are few long-term
jobs for local communities [20]. It is estimated that one permanent job is created for
every 100 ha of agrofuel planted, and where mechanized farming methods are used,
employment levels are even lower; for instance, a harvesting machine can replace
100 jobs [21]. Therefore, adopting agrofuel production based on pledges of improved
employment opportunities needs scrutiny by governments in Africa.

For the community of Cubo, which lost its land and the opportunity to diversify
its livelihood strategies through the development of a Conservancy and tapping into
the wildlife economy, its dream was shuttered. The multiple benefits that could have
accrued from non-governmental organizations and donor subsidized investments in
biodiversity conservation, such as improved productivity of their savannah woodland
through wildlife production, and marketing, would have increased opportunity for
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entrepreneurship/small and medium enterprise development by increased potential
for meat production from wildlife sustainable harvesting scheme; community capac-
ity building and skills development in wildlife management and its associated busi-
nesses (e.g., participation in the ecotourism supply chain, and marketing with many
spin-off benefits) were completely ignored by the state in weighing options for local
economic development in Massingir District. The community’s long-term benefits
were ignored in favor of the unproven pledge of 7000 jobs that the proposed sugar-
cane and its associated ethanol production may have created. Considering the high
illiteracy levels in Massingir District (56.2% among males and 83.8% among females
[2], the benefits from the ethanol industry were unlikely to be substantial for the
community members because they could only benefit from low-paid manual work, on
an average earning about $0.7/day, which is below the UN recommended threshold of
US$2/day [3].

Besides poor wages, the use of large areas of land for agrofuel production may
result in a range of detrimental environmental impacts, which can include defor-
estation and loss of habitat, soil degradation because of inappropriate farming
methods, water pollution from pesticide and fertilizer use, and the depletion of water
resources—threatening biodiversity, carbon stocks, and land and water resources.
While converting forests and rangelands to mono-cropping—a common phenomenon
in the production of agrofuels reduces diversity in flora, fauna, and agrobiodiversity,
as well as aboveground and subsurface carbon stocks [18].

Irrespective of all these negative social and potential environmental impacts, the
Mozambique government denied the Cubo community an opportunity to directly
benefit from its secured land and wildlife resources in favor of agrofuel production,
which never materialized. 15 years later (in 2021) the land which had been alienated
from the community proposed conservancy continues to be degraded by deforesta-
tion due to charcoal production and overgrazing. In addition, the Massingir District
harbors some of the most notorious poachers in southern Africa, who have been
involved in decimating the population of elephants (Loxodonta africana) and rhinoc-
eros, both black rhino (Diceros bicornis) and white rhino (Ceratotherium simum) in
the Great Limpopo Transfrontier Conservation Area. These are the environmental ills
that the communities themselves wanted to mitigate.

The indifference and lack of community support to biodiversity conservation in
the transfrontier conservation area (though not confirmed by any research), can in
part be linked to Mozambique’s government’s denial of the community’s opportunity
to establish, develop, and manage its own nature Conservancy for the collective socio-
economic benefit of the community. The case of the Cubo community exemplifies
the existence of high competition for land and other natural resources between local
people and outsiders in Mozambique, and elsewhere in Africa, especially in areas
perceived to be valuable for agricultural production or tourism development. The area
where the Cubo community wanted to establish a Conservancy is one such area. Being
part of the land, which is adjacent to the Great Limpopo Transfrontier Conservation
Area, it has high value as a productive asset, attracting a wide array of investors,
including unscrupulous ones, both from within and outside Mozambique, who bypass
or cursorily pay attention to legally prescribed procedures in accessing land for invest-
ment in agriculture production. Most of these land seekers are speculators who use
their connections with senior political and government officials to secure land rights
over large areas but many lack the financial resources to develop their concessions. It
is unfortunate that the government disregards its own people’ interest in favor of the
private sector, irrespective of the latter’s credibility.
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5. Lessons learned from Cubo

The Mozambique government’s denial of the Cubo community’s desire to
develop a nature Conservancy in favor of agrofuel production contradicts the
primary purpose of its land law (Lei de Terra of 1997) which is to secure customary
land rights, thereby helping to manage and reduce conflict over land tenure and
promote rural development through among others, conservation and communities’
participation in the wildlife economy as an option to diversify livelihood strategies
in rural areas, especially where conventional agriculture is not sustainable, such as
in Massingir district. Similarly, there is a special recognition in the land law, of the
rights and interests of local communities, including mandatory requirements for
community consultations and hearings when land is transferred to new uses and/
or users; hence it is quite puzzling that the implementation of these positive legal
and institutional frameworks has been ignored by the government in addressing
the Cubo community’s lost opportunity to adopt collective land stewardship as
a strategy to improve its rural livelihoods and contribute to local level sustainable
development.

Although the Mozambique government’s contempt for its own land law has not
been fully assessed, it may be due to the following interrelated factors.

5.1 Ineffective enforcement of the land law statutes

There is a gap between the law-making rhetoric and on the ground enforcement
of the land law due to weak institutional capacity, poor governance, lack of politi-
cal will to enforce the law, and vested state’s interests—contrary to communities’
needs. These shortfalls are being amply taken advantage of by the district authori-
ties, who under the pretext of promoting national economic priorities, promote the
interests of investors over local communities’ needs. The ease with which ProCana
secured a leasehold concession on the community’s legally secured land is subject
to wild speculations, but it appears the process may have been aided by powerful
Mozambicans who had a stake in the venture and bribing of traditional leaders
by ProCana [17]. Traditional leaders have since colonial times been susceptible
to corruption and in almost all southern African countries; tenure insecurity is
sometimes caused by the exploitative behavior of traditional leaders and rent-
seeking government officials [10]. Contrary to the statutes of the land law, the
Cubo community members were cursorily consulted about the transfer of its land
to the private sector. The district authorities focused their land acquisition consul-
tations on community elders/village headmen, who granted permission unwittingly
without the full involvement of the wider community [17]. Such agreements are
made in exchange with promises from the investor to improve employment and
facilities in the area, but such pledges are hardly fulfilled, leading to resentment
from the community [19].

The Cubo case demonstrates that legal rights to land are not enough. They
need to be set in the broader historical and political context of the country. Nelson
and Agrawal [22] observed that institutional reforms that devolve rights to the
local level have been relatively successful in countries where public institutions
are efficient and the rule of law operates—for example, in Namibia, Botswana,
and pre-crisis Zimbabwe. This, they argue, is not the norm across sub-Saharan
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Africa—where in general state institutions are characterized by patrimonial
relationships and weak rule of law. The partial devolution of valuable natural
resources such as wildlife to the local level (as observed in Mozambique) appears
to be fundamentally at odds with the interests and incentives that dominate
governance processes [22].

5.2 Illiteracy and “blind” loyalty to traditional leaders and local government
officials

The Cubo community’s “blind” loyalty to traditional leadership and local govern-
ment officials may have contributed to its lack of effort to challenge the alienation
of its land by ProCana. The community, through its Associagdo could easily have
used the extant land law to challenge the grabbing of its land, but it has not done so,
and this was compounded by a lack of funds to hire a lawyer to challenge the state in
the court of law. Illiteracy, which is prevalent among the community members, may
have contributed to a lack of fully understanding of the statutes of the land law. This
is being aggravated by the lack of effective civil society’s support in Mozambique to
assist communities like Cubo to take legal recourse against the government’s violation
of its land law.

5.3 Susceptible communal tenure security

The sources of land tenure insecurity in Mozambique are more complex than
generally acknowledged. The statutory mechanisms for securing land tenure rights
are insufficiently effective to protect the full range of land interests in modern and
globalized economic circumstances. Those with the least status, knowledge, or
means, such as local communities are least well served. The State itself is a source
of insecurity due to the way it easily transfers communal land tenure rights to
the private sector—a process that appears to have strong economic incentives for
political elites and central bureaucracies to consolidate their control over natural
resources at the expense of local communities who are custodial owners of these
resources.

5.4 Lack of political will in support of CBNRM programs

CBNRM programs are greatly constrained by a lack of political will to enforce
the extant enabling policies and legislation, regardless of international NGOs and
donor support. Attempts to set up CBNRM projects against the backdrop of legisla-
tion, such as Mozambique’s land law, that is not being effectively enforced, wastes
donor funds, derails the morale of the supporting NGOs, and erodes the commu-
nity’s capital assets—notably the natural capital (e.g., land & its associated stocks
of natural resources and environmental services); social capital (natural resources
governance associations, norms, trust and disposition to work for a common good
for biodiversity conservation); and loss of potential by the communities to diversify
their income generation from conservation enterprises and the related spinoff busi-
nesses. International NGOs spearheading CBNRM efforts are poorly positioned, in
a political sense, to address the problem of ineffective enforcement of the land law
statutes.
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5.5 Ineffective civil society

Mozambique’s civil society has so far been very ineffective in protecting com-
munities like Cubo from losing their land to private interests. Civil society faces the
challenge of balancing the different expectations of the government and the local
communities, especially as the functions of government agencies in implementing
and enforcing the land law are constrained by weak processes of accountable gov-
ernance, limited financial resources, and scarce capacity. The national civil society
needs capacity building so that it should be able to encourage the government to
prioritize implementation of existing laws and policies that already promote devolved
natural resources management and work on harmonizing cross-sectoral policy and
legislation that improve the management effectiveness of land and natural resources.
This process should be reinforced by strong civil society’s advocacy for CBNRM
models that strengthen locally accountable institutions for natural resource manage-
ment and use, enabling local communities to protect their land and resources against
foreign acquisitions. Civil society should also focus more on improving transpar-
ency and effectiveness in enforcing the land law, to ensure that all its statutes are
adequately implemented and enforced.

The civil society should also strongly advocate for Mozambique to implement
various international conventions, such as Convention on Biodiversity (CBD) and the
United Nations Convention on Combating Desertification (UNCCD), among many
others. While national sovereignty is paramount for any country, these Conventions
have been widely embraced by many countries in the world in promoting and
implementing biodiversity conservation programs, and Mozambique is a party to
these conventions. The CBD, for example, specifically recognizes the potential role of
local communities in biodiversity conservation through Articles 8 (j), 10 (c), 10 (d),
and 11 [23].

Additionally, UNCCD also recognizes the importance of secure land and resource
tenure and forms of decentralization. The UNCCD places considerable emphasis on
promoting the sustainable use of natural resources [Article 3 (b)], alternative liveli-
hoods [Article 10. 4], and capacity building of local communities for sustainable land
and resource management [Article 19]. The strong convergence between the key prin-
ciples of the CBD, UNCCD, and the generic approach to CBNRM in southern Africa
should provide sufficient impetus for the civil society in Mozambique to encourage
the government to improve its effort in implementing policies and legislative mecha-
nisms that safeguard community’s land rights, prevents alienation of their land
without their collective consent, and guarantees their participation in conservation-
based enterprises as a means of diversifying community livelihood strategies, and
contribution to sustainable rural development.

6. Conclusion

Despite its contemporariness, Mozambique’s Land Law is failing to guarantee
secure tenure to land for its local communities, especially in areas perceived to
be valuable for agriculture or biofuel production. This is primarily because of the
government’s inadequate political will to enforce the land law’s statutes; ineffective
civil society to protect communities against the booming private interest in land for
investment in agribased businesses; blind loyalty of community members to their
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traditional leaders who are susceptible to corruption and manipulation by the pri-
vate sector; illiteracy among community members, which renders them incapable
of fully understanding their legal rights to land; and lack of financial capacity for
the communities to take legal recourse against the government’s violation of its land
law. The discourse on land tenure reform in the past two decades in Mozambique
has dominantly focused on land-law formulation and institutional restructuring
for implementation, but as witnessed by the Cubo community, there is a need to
critically examine the effectiveness of how the government is enforcing its land
tenure policy and legislation and find out why these enabling frameworks are being
superficially implemented. Additionally, the new discourse on land tenure security
should aim at consolidating processes of accountable governance, transparency,
promoting the rule of law, and identifying sustainable mechanisms for mobilizing
resources to enhance the government’s capacity to effectively enforce its land law
statutes.

Mozambique’s civil society should: (a) proactively influence the government to
prioritize implementation of existing laws and policies that already promote devolved
natural resources management to the local communities, and work on harmonizing
cross-sectoral policies and legislation that improve management effectiveness of land
and natural resources; (b) strongly advocacy for CBNRM models that strengthen
locally accountable institutions for natural resource management and use—enabling
local communities to protect their land and associated resources against foreign
acquisitions; (c) improve transparency and effectiveness in enforcing the land law—
to ensure that all its statues are adequately implemented and enforced; and (d) ensure
that adoption of monoculture ventures, such as biofuel production is guided by objec-
tive assessments of their social and environmental impacts on the rural communities,
so that such undertakings do not erode communities’ natural and social capital assets,
and denial them the opportunity to adopt collective land stewardship to pursue their
locally rural development agenda.
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Chapter 14

A View of Sub-Saharan Africa from
the Perspective of Food Security
and Gender

Eriola Marius Charlot Adenidji and Orhan Og¢atalbas

Abstract

Nowadays, in most households, food and nutrition affairs are delegated to women.
However, in the sub-Saharan regions, like the most undeveloped countries, food
security is still in danger. Such a situation is not observed in developed countries.
Why so? Is women’s positive contribution to food security only reserved for developed
countries? How can women in less developed countries intervene in food security?
This paper analyses food security from a gender perspective and focuses on women’s
participation and empowerment as means to eradicate food insecurity.

Keywords: sub-Saharan Africa, SSA, food security, food safety, equality, gender

1. Introduction

Although food security is seen as a primary problem in Africa and Asia, it is
essentially a problem for the whole world. However, besides food security, the issue of
food safety is also in the field of interest of every country, especially in industrialized
countries. The issue of ending poverty (no poverty) and hunger (zero hunger) ona
global scale is among the top priorities of the UN SDGs. Unfortunately, this global
problem could not be ended in the last century and is among the priority issues of the
twenty-first century. Therefore, ensuring food security is a very important goal for
the UN. According to the UN FAO, ‘Universal access to safe food is a key requirement
for the 2030 Agenda for the Sustainable Development Goals’ Despite this, an esti-
mated 600 million people get sick each year from eating unsafe food, and 420,000 of
them die [1], Safe food is also critical for economic development and the international
food trade. It should also be noted that, unfortunately, due to the negative effects of
the COVID-19 pandemic, it will not be possible for the UN to achieve its goals in this
area until 2030 [2].

In our patriarchal society, roles and perceptions are categorized at a very early
age according to gender. Therefore, throughout life, responsibilities will be assigned,
preferably according to sex [3]. But with economic progress, society is becoming more
liberal. Additionally, more voices are challenging the pre-existing gender perception
by calling for gender equality. This demand is reflected in the fifth goal of the seven-
teenth sustainable development goal (SDG5) adopted by the United Nations General
Assembly: Achieve gender equality through the empowerment of women and girls [4].
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Thus, it is encouraged to highlight the potential of women and girls and to give them
greater exposure.

More visibility, indeed, in a society that has always tended to stifle and control
the female gender in almost everything. In such a society, until now, it has often been
observed that for the same qualifications as men, women are paid less. In Germany,
for example, the first power in the European Union, 21.5% of women are paid less
than men [5]. The primordial roles that our so-called modern civilizations offer and
accept for women without amalgamation are those related to the housewife position;
in other words, the role of the housewife. As it is stated by Eurostat, the percentage of
women engaged in domestic chores is 97.3% in Finland; even in Belgium, the capital
of the European Union, 95.6% of women handle the home’s well-being [6]. Overall,
the share of women who take care of children, housework and cooking is much higher
than that of men. In 2016, the number of women aged 25-49 (with children under
18) who cared for their children every day stood at 93% in the EU, compared with
69% of men. In addition, 78% of women cooked or (and) did daily household chores,
compared with 32% of men [7]. However, women’s involvement in household welfare
is unavoidable. Moreover, any situation that disrupts women’s conditions may impact
food security within the household.

Even though agriculture accounts for three-quarters of women’s income in sub-
Saharan Africa [8], and women make up a significant portion of the agricultural
labour force [9], the region is experiencing an increase in the prevalence of food
insecurity. In such a situation, would it not be helpful if chefs in the households had
detailed nutritional knowledge? Should more attention not be paid to the train-
ing and education of the female gender to achieve sustainable development goals,
especially in reducing hunger and promoting food security? This study aims to
explain and find the means of combating the scourge of malnutrition and hunger in
sub-Saharan Africa.

2. Definition of sustainable food security

To examine the role of women’s actions in the battle against food insecurity, it
is important to have an explanation of what this concept conveys. For this reason,
considering the wording of [10], food security

* Corresponds to the ability of all people to have physical and economic access to
basic food needs at all times [11]. Furthermore, a national food security strategy
cannot be envisaged without ensuring food security at the household level [12].

¢ Is the capacity to ensure that the food system provides the entire population with
a nutritionally adequate food supply over the long term [13].

* Is ensured when the viability of the household defined as a unit of production
and reproduction is not threatened by a food deficit [14].

Furthermore, when considering the statement of the World Food Summit (1996)
about the concept as it is given, ‘when all people, at all times, have access to sufficient,
safe, nutritious food to maintain a healthy and active life’, the need for sufficient
availability of nutrient-rich foods seems to define food security. Hence, in FAO’s logic,
clearly, 03 elaborated conditions must exist to define food security. These are
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* food availability: sufficient quantities of food available consistently;

* food access: sufficient resources to obtain appropriate foods for a nutritious diet;
and

* food use: appropriate use based on knowledge of basic nutrition and care, as well
as adequate water and sanitation.

Thus, as seen above, food security is any system that provides the consuming
entity with enough food to meet nutritional needs. When this system can be long-
term [13], the concept of sustainability has its legitimacy. Thus, in sustainable food
security, reference is made to any system that can provide the consumer necessary
quantity and quality of goods over time. Quality refers to the nutritional value of the
food. As for the notion of time, it refers to future generations. However, it is essential
to point out that there is no exact definition of the ‘food security’ concept because
quality requirements are progressive over time.

After examining what is hidden behind the ‘food security’ concept, the positioning
of the present work is to clarify how women can provide support in the three pillars
that define food security as defined by the FAO. The present work also investigates if
women’s support can contribute to the achievement of food security objectives. To do
so, the light will first be shed on the skills of women in different sectors of activity.

3. Definition of sustainable food safety

Food and nutrition literacy is a newly emerged concept to connect food-related
knowledge and skills to healthy diets [15]. Nutrition literacy is the combination of
access to, analysis and evaluation of the information related to food and nutrition,
making and implementing good decisions, maintaining healthy eating, choosing and
consuming a proper amount of healthy food, and the motivation, knowledge, skill,
attitude, behaviour and abilities required for the evaluation of the motivation needed
to ensure food security and the working of the food system. The recognition and
dissemination of food and nutrition literacy in society will aid in the improvement of
well-being, healthy nutrition maintenance and healthy food selection [16]. It would
be useful if all stakeholders were to cooperate in the planning and implementation of
food literacy initiatives where effective, theory-based training methods focusing on
knowledge, skills and behaviour are used.

Activities that involve conscious behavioural change such as education and exten-
sion, as well as practices that increase food education and training, can enhance diet
quality by reducing food insecurity [17, 18]. Of course, here along with limited food
literacy, access to food and the ability to prepare healthy foods are also important.
According to this, all stakeholders should work in cooperation for food and nutrition
literacy.

In this context, it is important to establish an effective food control system.
Because an effective food control system provides assurances to governments and
the public that the available food is safe for human consumption and can be sold or
traded. It, therefore, aims to [19].

(1) protect public health by reducing FDB risks; (2) protect consumers from
fraudulent practices including mislabelling and adulteration; and (3) support economic
development by ensuring the quality and safety of products sold and or traded [20].
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Components of a national food control system include an enabling legislative frame-
work, a food control management system, food inspection, laboratories for monitoring
hazards and surveillance, information, education, communication and training of value
chain operators and consumers.

These data and determinations show that there is a need for a comprehensive food
safety policy on a national and global scale in any case. In many African countries,
the food safety mandate is spread over many agencies and authorities, with unclear
responsibilities leading to inaction and duplication. In most cases, countries lack
effective national coordination mechanisms [19].

4. Gender definition

Gender empirically encompasses both males and females. From a cultural and
discursive perspective [21], gender ideology refers to the beliefs and values held
concerning what is right for men and women and determines the patterns by which
a particular society judges or evaluates the appropriate conduct of a man or woman.
The following lines illustrate gender concepts for a better understanding [22, 23].

* Gender analysis is the systematic gathering of data and information about gender
relations to identify, understand and correct inequalities.

* Gender discrimination is the unwelcome treatment of people due to their gender,
which denies them the opportunities, rights and resources they deserve.

* Gender division of labour, how specific ideas based on socially determined roles
define what is appropriate for women and men.

* Gender equality and equity, Gender equality involves a woman being treated the
same as a man in terms of accessing public life. Gender equity denotes equaliza-
tion of life outcomes between men and women, recognizing their diversity in
interests and needs, and requires redistribution of power and resources.

* Gender mainstreaming, is an organizational strategy designed to bring gender
equity to all aspects of an organization’s work, through building capacity and
accountability.

* Gender needs, are shared and prioritized needs identified by women that arise
from their common experiences as a gender.

* Gender planning, the technical and political processes and procedures necessary
to implement gender-sensitive policy.

* Gender relations, hierarchical relations of power between women and men that
tend to disadvantage women.

* Gender training, a facilitated process of developing awareness and capacity on the

issue of gender, to bring about personal or organizational change towards full
equality.
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* Gender violence, is any act or threat by male-dominated institutions that inflicts
physical, sexual or psychological harm on women or girls.

The paper considers gender in an original binary logic (masculine/feminine)
to finally focus exclusively on the female gender. It inspects the contribution of the
female gender to different sectors to identify its potentialities that can be beneficial in
the fight for food security.

5. Women’s role in the households and society

Gender relation underlies the hierarchical aspect existing between both genders
in the family. And without a doubt, these relations are widely considered to be
dominated by men within households. Furthermore, few women have the respon-
sibility of being heads of families. But when they do have such responsibility, it is
usually the synonym of being single, divorced, separated mothers, widows or when
the husband is completely disabled or has a serious illness issue that makes him
infirm. Therefore, this is the position that, despite being assimilated into cultural
posturing, the female gender consistently finds itself in, according to studies.
However, others studies have demonstrated that despite their vulnerability, women
are excellent household leaders. It has been shown that households headed by
women manage better deprivation [24]. Namely, they make a better distribution or
allocation of the scarce resources at their disposal. Besides, the distribution of time
allocated to household chores is generally in conflict with the status of non-house-
hold workers. This means that often in the family, there is a dilemma for women to
just do childcare, housework or go for a job outside the home. Thus, in the presence
of the man, the woman is much more willing to engage in housekeeping. Then,
about the hierarchical paradigm of societal assignment of tasks, the predominant
cultural mentality forces them to stay at home.

Socially, roles generally assigned as females are almost less valued than those
designated as males. Women are expected to fulfil the reproductive role of carrying
and raising children, caring for other family members and household management
tasks, as well as home production. Men, on the other hand, tend to be much more
associated with productive roles, specifically paid work, and commodity production.
In the labour market, although the overall engagement rate of women is growing, they
tend to be restrained in a relatively narrow range of occupations or clustered at lower
levels than men and generally earn less [25].

Despite some wives making a greater contribution to household income than men,
society does not recognize women’ equal participation in household management.
Their wealth is not a sufficient justification to not take on domestic tasks. Even if
these things happen, it is not well perceived. Further, as far as discrimination and
domestic violence are concerned, the female gender is the most vulnerable. Likewise,
poverty is common among rural housewives because they depend on their husbands
to provide them with economic help [26-28].

In order to best describe the contemporary place of women in society, it has
been important to understand where women are and how they’re doing in that
society. Therefore, to achieve a sustainable, update gender-based social solution
for a problem, prior women’s roles in the family circle and the community must be
recognized.
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6. Food security in sub-Saharan Africa

If agriculture crop production had met 80% of the continent’s food requirements
in 2013, whereas animal production was not growing quickly enough to meet the
demand [29], the situation has recently deteriorated due to the pandemic in the years
2019-2020. In fact, by 2020, 281.6 million Africans had been malnourished, up 89.1
million from 2014. East Africa accounts for 44.4% of the continent’s undernourished

Country 2020 Score Rank /113
South Africa 578 69
Botswana 55.5 74
Ghana 53.0 77
Mali 52.7 79
Céte d’Ivoire 51.0 82
Kenya 49.0 86
Niger 476 87
Burkina Faso 474 88
Tanzania 471 89
Senegal 46.4 =90
Benin 46.2 92
Togo 449 93
Cameroon 44.7 94
Uganda 429 95
Angola 421 97
Congo (Dem. Rep.) 40.7 98
Mozambique 40.6 99
Nigeria 40.1 100
Guinea 395 102
Chad 394 103
Rwanda 38.8 104
Madagascar 375 106
Burundi 371 107
Ethiopia 37.0 108
Sierra Leone 370 108
Malawi 36.7 110
Zambia 36.6 111
Sudan 36.0 112

Source: Computed by the author and vetrieved from FAO, IFAD, UNICEF, WFP and WHO, 2020. To be representative
of sub-Saharan African states in terms of food insecurity prevalence, this table includes a sample of countries from each
of sub-Saharan Africa’s four sub-regions: the western, eastern, central and southern vegions.

Table 1.
Food security index of selected sub-Saharan African countries.
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people, while West Africa accounts for 26.7%, Central Africa accounts for 20.3%,
North Africa accounts for 6.2% and Southern Africa accounts for 2.4%. Along with
the 346.4 million Africans who are food insecure severely, another 452 million are
food insecure moderately [30]. Global standards for food security are far from being
met. Food security scores in sub-Saharan Africa are designed to accurately reflect this
situation (Table1).

The tables below illustrate African food security, under-malnourished people
(Table 2) and the food production stat (Table 3).

Food production in sub-Saharan in late 1980 was estimated to be $876 billion, but
in 2010, the estimation was $196 billion (Table 3). Besides this growth, food security
is still a challenge. According to [2], it is estimated that 75% of low-income children
in Sub-Saharan Africa are malnourished; only 25% are not low-income food deficient.
Furthermore, this condition is exacerbated by climate change, civil unrest, armed
conflicts [31] and the current widespread pandemics, which make the poorest popula-
tions even more vulnerable. Consequently, malnutrition statistics in the continent
are among the highest in the world. Additionally, the food insecurity situation in
sub-Saharan Africa today could be illustrated by the state of malnutrition and new-
borns’ weight and height. These indicators reflect whether mothers fed themselves

009-20112014-2016  2000-2002 2004-2006 2009-2011 2014-2016 2016-2018 2017-2019 2018-2020
2016-2018

WORLD 819.2 804.0 652.3 613.8 6227 6329 6839
Africa 199.8 1984 194.8 2014 2171 224.9 248.0
Central Africa 39.7 412 40.1 444 47.8 49.7 532
Eastern Africa 102.3 101.0 99.9 97.5 104.8 1077 1153
Northern Africa 15.0 15.5 15.0 136 14.8 15.2 16.0
Southern Africa 29 2.8 36 47 49 49 56
Western Africa 399 379 36.2 41.2 44.9 474 578

Source: FAO, retrieved from FAO, CEA, and CUA, 2021. https://doi.org/10.4060/cb7496fr. Undernourishment is defined
as the condition of an individual whose usual food intake is insufficient to provide, on average, the amount of dietary
enevgy required for a normal, active and healthy life. The velative indicator is called ‘prevalence of undernourishment’,
which is an estimate of the percentage of individuals in the total population who are undernourished. Source: FAOSTAT.

Table 2.
Number of undernourished people (millions).

African sub-region Food production (livestock and crop) (%)
Northern 23

West 33

East 23

Central 7

Southern 17

Africa (US billions $) 196

Source: Self-computation from NEPAD, African agriculture, 2013.

Table 3.
Food production in Africa.
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Figure 1.
Low birth weight prevalence, by country and region, 2015. Source: UNICEF-WHO low birth weight estimates, 2019.

well during pregnancy to ensure their good health and that of their infants. In other
words, statistics on malnutrition reflect regardless of whether a country is safe from
food insecurity, reiterating that the birth weight of a newborn is an important indica-
tor of maternal and foetal health and nutrition (Figure 1).

7. Food accessibility in sub-Saharan Africa
In rural areas, people have less access to safe food than people in urban areas. It is

the rural counties that supply the urban cities with food. Perhaps rural people do not
have enough cash to afford sufficient nutritious meals. Or, due to lack of resources,

Country Urban area (%) Rural area (%) Year
Benin 88 66 2003
Burkina Faso 93 51 2003
Cameroon 93 58 2007
Cote d’'Ivoire 92 51 2002
Ghana 100 74 2006
Guinea 95 49 2007
Mali 97 56 2006
Mauritania 100 88 2004
Niger 99 50 2007
Nigeria 82 64 2003
Senegal 100 87 2005
Sierra Leone 929 58 2003
Chad 98 58 2003
Togo 100 72 2006

Source: CIRAD, Afrisat, AFD AGRA, 2020 https://agra.ovg/wp-content /uploads/2020/09/A ASR-2020-Feeding-African-
Cities.pdf.

Table 4.
Food accessibility in the selected African regions.
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they are unable to buy the required food supplements. As noticed by [32], even in
abundant regions, food shortages can happen, mostly due to poor conservation
techniques or post-harvest losses. In fact, at the sub-regional level, sub-Saharan
Africa (SSA) is the region with the highest prevalence of hunger with one person in
four being undernourished [33]. Additionally, owing to SSA’s population growth,
the demand for food will still rise, and persist, thereby leading to the push for
stronger interventions to boost food security and nutrition, as well as to end hunger.
Agriculture should become a priority as it accounts for approximately 30% of African
economies and comprises over 60% of the workforce in these nations [34, 35].

The above table illustrates food accessibility in some African countries (Table 4).

8. Female gender and food security in sub-Saharan
8.1 Women and crop production

Smallholder farmers produce 80% of agricultural production in sub-Saharan
Africa [36, 37]. In subsistence farming, as practised in Africa, women are the primary
sources of food production and little from men is necessary [37-41]. Sub-Saharan
African women have the highest average agricultural labour force participation rate
in the world, at 62.5% in 2012, compared with 36.4% globally. In Ghana, for instance,
women produce 70% of the country’s food crops, offer 52% of the agricultural labour
force, provide 85% of the labour for agro-processing operations and 86% for food
supply. Women made up 43.8% of the economically active population in sub-Saharan
Africa as awhole in 2010, and 65% of those women worked in agriculture, with
women delivering 70% of farm labour in Kenya [9, 42]. The importance of female
agricultural workers in the world is unparalleled, even though life for rural women is
not easy. Women do not have the same rights as men and must often balance domestic
duties with agricultural work, such as sowing, weeding, harvesting and collecting
firewood and water. Additionally, it can be more difficult for women to produce as
much as men do in the farm setting, due to poor access to land, agricultural extension
services and technologies.

8.2 Women and livestock farming in SSA

In less developing countries such as SSA, women generally can rear small animal
husbandry (poultry, sheep, etc.), but men take care of the big head. As relayed by
[43, 44], women are seen as key stakeholders in backyard poultry farming systems,
and successful engagement in this sector requires gender-appropriate methods.
Research has proven that women’s poultry farming initiatives are more likely to lead
to successful nutritional outcomes [33, 45-50]. In fact, the Food and Agriculture
Organization enhances that increasing the productive resources available to women
would reduce the number of hungry people in the world by about 12-17% [51].
Furthermore, it is undeniable that women play a fundamental role in food and nutri-
tion protection at all food chain stages [52].

8.3 Women and food transformation in SSA

African women’s involvement in every stage of the food system is crucial [53]. In
SSA, most of the food processing infrastructures are traditional and women once
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again are the key point of such a system of food processing. They are present from
production, to distribution and nutrition. In fact, based on traditional knowledge,
rural women process food and pass this knowledge to the next generation through
their daughters. It is rare to have a modern infrastructure for food processing in urban
or rural areas. Most modern processed foods are imported. And for the rare locally
modern processed food, the price is high for the local market; as result, a large num-
ber of citizens cannot afford it. Therefore, it opts for foreign markets. In such decor,
the only possibility which remains for these regions is to empower local actors like
women with knowledge to create healthy and wholesome foods. So, then they could
supply the market with the appropriate dishes fitting their social reality [52, 53].

As noticed, previously and with the current food insecurity situation in the under-
developed world and peculiarly in SSA, empowering women is still the most suitable
way for a rapid effective sustainable food security promotion.

9. Comparing food security in two countries: Benin and Turkiye

Benin is a country in sub-Saharan Africa that has regional recognition for its
culture, democracy and prowess in cotton production [54]. But a lot remains to
be done when it comes to food security (accessibility, affordability, quality, and
safety). Attempts have been made at the national level in recent years. In particular,
the multiplication of school canteens in schools to enable all pupils to have a decent
and full meal throughout the country, but there is still a great deal to be done.
According to the latest 2020 report on the global food security situation, the Global
Food Security Index Ranking, the country has recently been in a moderate position

1) AFFORDABILITY

4) NATURAL RESOURCES & _

RESILIENCE - 2) AVAILABILITY

3) QUALITY AND SAFETY
m—Benin = e—-- Average score (all countries)

Turkey

Figure 2.
Comparing food security in two countries: Benin and Turkiye. Source: GFSI (2020) computation from hitps://
foodsecurityindex.eiu.com.
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Series Benin Turkiye Average
Score(All
Countries)
Score D Rank D Score D Rank D

Overall food 46.2 0.1 92 — 65.3 -0.7 47 — 60.4

security

environment

Affordability 442 0 91 -1 66.0 -4.6 65 -4 65.9

Availability 54.8 0.2 68 +2 67.2 0.2 24 1 57.3

Quality and 483 -01 92 -1 78.3 36 43 5 67.6

safety

Natural 322 0.4 113 — 474 0.1 -53 5 49.1

resources and
resilience

Source: GFSI (2020) computation from https://foodsecurityindex.eiu.com.

Tables.
Comparing food security in two countries: Benin and Turkiye.

[55]. Since 2019, the country’s global food security situation in 2020 had slightly
increased by 0.1 points compared with 2019, but its place in the ranking remains
unchanged (as the values in the table illustrate). On the other hand, relative to
Benin, Turkiye, a country ranked 54th in the most recent HDI 2020 study (Benin
158), suffered a 0.7 decline in overall food security. Despite this downturn, the
nation is well ahead of Benin and other underdeveloped countries. Moreover, at the
global level, the country’s food security skills are above average (the global average
score is 60.4) (Figure 2 and Table 5).

This fantastic above-average performance was achieved through several initiatives
in the food sector, particularly targeted towards women. Additionally, the initial
programme was focused on education. Similarly, data from the World Bank show that
93% of Turkish women are literate, as compared with the world average of 82.65%,
while in Benin only 31% of women have this level of literacy (see Table 6 below).

In general, the growth of literacy for Turkish women has been 1.16% per year [56].
Similarly, the school enrolment for women is reportedly at 99.61% [57].

Moreover, as [58] points out on the issue of food security, he revealed that special
attention has been paid to the matter. Thus, sectoral policy reforms in the Ministry
of Agriculture and Rural Affairs have resulted. Therefore, these reforms have given
a substantial boost to the public extension services in agriculture. Indeed, there have
been many agricultural initiative programmes implemented in Turkiye, as well as
programmes spearheaded by the Turkish Ministry of Agriculture and associated
institutions that aim to allow (especially for) women entrepreneurs to enter into
agricultural activities [59]. Most importantly, these initiatives involve:

a.Supporting Female Entrepreneurship in farming Programmes Project for
18-40-year-year-old women entrepreneurs in the Agriculture sector.

b.Young in Agriculture Entrepreneurial Women Empowerment Project area for
young women aged 18-40 years).
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Selected countries Most recent year Most recent value
World 2019 83
Turkiye 2017 93
Benin 2018 31
Burkina Faso 2018 33
Burundi 2017 61
Central African Rep 2018 26
Ghana 2018 74
Kenya 2018 78
Niger 2018 27
Somalia 1972 4
Céte D’Ivoire 2018 40
Sierra Leon 2018 35
Chad 2016 14
Togo 2015 51

Source: World Bank Group. Available from: https://data.worldbank.ovg/indicator/SE.ADTLITR.FE.ZS?locations=TR-
BJ-1W-KE-GH-BF-SO-DJ-BI-NE-CF.

Table 6.
Literacy rate, adult female (percent of females ages 15 and above).

c. Young Farmers Project, which is given to women and men on equal terms.

d.‘Agricultural Extension Project for Women Farmers’, which was initiated by the
Ministry of Agriculture in 2000 and has increased in intensity since 2015.

However, in less developed countries such as Benin, vocational training pro-
grammes can hardly help women who work in agriculture. The interests and welfare
of the household take precedence over other responsibilities when a woman has a
major decision-making role. This should indicate in underdeveloped countries that
every well-educated woman has the power to prevent hunger. Therefore, in those
countries, more women should be encouraged to start businesses (in agriculture-
related fields too) in urban and rural areas where malnutrition (particularly) is
prevalent.

10. Female gender empowerment in nutrition and food security

In most households, men handle finances while women take care of young chil-
dren, food and nutrition. That’s why without their effective implication, food security
and the achievement of sustainable development goals will be jeopardized. Also, in
undeveloped countries where food security is threatened, the participation of rural
women in agriculture is considered necessary for its sustainability. For this reason,
women must have maximum control over the production cycle of staple goods, food
processing and importation and food storage. As the increase in the above-mentioned
aspect, the availability of food will also increase. Furthermore, since food availability
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is one of the first pillars of food security [10], women’s empowerment in food avail-
ability must be effective by:

10.1 Training them on agricultural production techniques

In rural areas, women’s participation in production activities is not yet proven
[60]. However, even if it does exist, it is relegated to the background because women
generally do not have equal access to production resources as men do. This observed
inequality makes the economic situation of women in non-urban areas very vulnera-
ble. Speaking of the vulnerability of rural women, [61] points out that in the majority
of least developed countries, rural women are not only poor, but this unfair treatment
is very detrimental to women. Women’s participation, even if it is not at the forefront,
is either helping or growing staple foods on the land for the family’s needs. Rarely do
women produce cash crops.

To this end, to facilitate food availability for food self-sufficiency, the existing
production system can be adjusted in ways that women might be more efficient in
staple crops’ production. In rural areas produced staple crops are almost the only ones
feeding the household. In this regard, it would be through the awareness programmes
and production policies of the states affected by the scourge of food insecurity. At
present, many of the countries concerned are the least developed, i.e. about 12%
of the countries in the world [62]. In this process, the empowerment of women in
producer groups or cooperatives is more than vital. This empowerment itself will be
achieved through:

*Easy access to production resources: Production resources are capital, labour,
land and managerial capacity. At first glance, women’s conditions of access to land
resources should be reviewed without discrimination. This means that they can freely
exploit the land as they see fit. They would produce differently, increase agricultural
productivity and respond more effectively to household needs. Needs sometimes in
developing countries are different from the needs of the market. In these countries,
the majority of cash crop (cotton, coffee, cocoa, etc.) production is for export [29]. If
given the necessary tools, women who involve highly in the household may be able to
strike a balance between cash crops and subsistence nutrient food production.

The second approach is to support them through targeted financing mechanisms
to take up more profitable and productive production initiatives. This aspect should
not be neglected. In the production process, inputs have a cost, as does production as
awhole. In addition, access to the fund will enable women to empower themselves
with skilled labour and enhance the value of women’s labour in the different sectors in
which they are involved. When women have a source of income, they have a positive
impact on the household situation. They invest their funds in the household and the
children. Finally, for women and groups of women producers, regular training to raise
the level of women heads of agricultural production enterprises must be repeated.
This will make it possible to maintain dynamic production. This may require the
involvement of agricultural advisers and agricultural policies [63-65].

It is important to remember that increasing agricultural production alone is not
enough to reduce food insecurity [51, 66, 67]. As proof of this, most of the countries
where the disease is rife are those where nearly 70% of the active population is in
agriculture. Therefore, initiatives must be taken, and habits must be introduced to
ensure that production meets the need for food security because the situation persists.

Encouragement and support for women who are already heads of agricultural
enterprises. Awareness raising of the need and necessity to produce according to
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nutritional needs. This necessarily involves education to this end. Again, academi-
cians, non-governmental agencies, farmers’ organizations, agricultural advisers
and agriculture ministries, all have a part to play. These institutions need to sup-
port women by educating them in the use of technologies that can advance their
businesses. Balakrishnan and Fairbairn-Dunlop [68] states that: ‘Training should
build the capacity of rural women according to their multi-segment production
tasks, and new information and communication technologies should be harnessed
to improve rural women’s access to technical information and public sector support
services. The existing models of Farmer-field-school and farmer-to-farmer learn-
ing approaches may have ignored gender biases that prevent women from taking
advantage of such technology transfer approaches’

Resources The gender gap Closing the gap
Land Women make up 10 to 20% of landowners To ensure equitable access to land and other
across the world, but this varies by country, agricultural assets, reform is required. A
and even in the same region. However, process must be put in place to hold officials
female minority landowners are primarily and community leaders accountable for
located in Africa. upholding the law. It aims to empower women
in several ways including awareness and the
ability to claim their rights.
Labour Farms run by female-headed households are Women’s participation in and access to rural
Markets likely to be smaller and have fewer members labour markets requires freeing women’s time
working on the farm. Women have heavy through labour saving technologies and the
household tasks and are therefore more provision of public services.
likely to take time away from productive It also entails raising women’s human
activities. capital through education, eliminating
discriminatory employment practices, and
capitalizing on public work programmes.
Financial The ability to access credit and insurance is Closing the gender gap in financial services
Services necessary to accumulate assets. involves legal and institutional reforms
Smallholders often have less access to that will meet the needs and constraints of
financial services, but due to the types of women, as well as efforts to enhance their
assets they hold, women do not have the financial capacity.
same access as mern. Innovative delivery channels and social media
can reduce the cost of financial services that
were previously unavailable to rural women.
Education While there have been improvements in Organizations and other forms of collective
gender parity at the national level, women action can be a useful measure of building
and girls continue to lag in most societies. relations and networks and addressing gender
The gender gap in education is greatest in gaps in other areas of life. Groups of female
rural areas, where female household heads leaders can positively impact social change by
sometimes do not have as much education as helping eliminate gender inequality.
male household heads.
Technology Women utilize less purchased inputs, and Improving women’s access to agricultural

materials and implement less technology
than men. In many countries, women use
fewer fertilizers than men. One of the
main reasons for the status quo is a lack of
available credit.

technologies can be facilitated through
participatory gender-inclusive research and
technology development programmes, the
provision of gender-sensitive extension
services

Sources Training Guide — Gender and Climate Change Research in Agriculture and Food Security for Rural Development

[51, 69].

Table7.

Women empowerment in agriculture through access to resources.
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In school curricula too, gardening programmes, learning, educating schoolchildren
on good nutrient practices can be introduced. In this way, a more aware generation
will be able to take up the challenge of food security because no change is possible if
youth are not involved. The hope of tomorrow is the youth. Regardless of the sector, a
youth who masters the stakes will know how to take up the challenge (Table 7).

10.2 Training and awareness raising on good nutrition practices

It is essential to be knowledgeable about the good and bad eating habits. The
healthiest foods provide the best nutrients [70]. Since food is needed for the body to
function properly, people must eat the right types of food. Therefore, public awareness
[71] campaigns can successfully guide diet recommendations when they are supported
by national policy and women’ organizations in remote areas. If adequate resources are
available and policies are implemented with the participation of NGOs and professional
extension agents, rural areas would greatly benefit from the use of such an approach.

Once consumers understand basic food composition, they can acquire the specific
food ingredients they want through a variety of channels.

10.3 Accessibility to food

Increasing the purchasing power of the population and of women, in particular,
will not only lead to a better life but will also enable households to fill the basket qual-
itatively so that food security objectives can be achieved. When women’s economic
level is improved, they will be able to easily obtain the food and ingredients needed
for consumption. Because of this, a policy of ‘affirmative action’ is very important to
help women get jobs they could not get.

The other aspect that is important to remember is the multiplication of infrastruc-
tures. Infrastructures facilitate access to food wherever it is found. For example, rail,
ships, road networks, etc. can be used to provide access to food. If it is in the South
that there is easy access to this type of production, citizens in the interior should have
no difficulty in obtaining it. Women traders will easily be able to act as intermediaries
in the transport of the goods concerned. According to [72], infrastructure must be
implemented immediately to make landlocked areas accessible.

10.4 Food utilization

Women must be able to process and offer new foods that meet quality and hygiene
standards in such a way as to meet the nutritional expectations of consumers. These
expectations are sometimes influenced by social and religious norms in each geo-
graphical area. The use of food in the context of food safety must not only be inte-
grated into the social realities of the people, but in terms of composition, it must meet
energy, mineral, vitamin and nutritional needs.

When the ingredients are available, the purchasing power is there too, and when
the right foods are lacking, there will be no change. So, to ensure food security, the
whole system must work together.

11. Conclusion

This study helped to clarify the expectations regarding food security. In addition,
to ensure food security, it was necessary to assess the role and conditions of women
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in their daily lives. Thus, in food security, Africa requires women at every stage of
food production. Therefore, the paper advises an improvement through education,
awareness raising, access to land, financial services and access to technology, not only
for food security but also for women’s conditions. Most peculiarly, the report recom-
mends that if women had the same access to resources as men, it would benefit the

household’s food self-sufficiency.
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Chapter 15

Non-Timber Forest Products as an
Alternative to Reduce Income
Uncertainty in Rural Households

Luz Maria Castro, Diana Encalada and Luis Rodrigo Saa

Abstract

Rural households face uncertain income due to several risks associated with
markets, climate and productive uncertainties. In South Ecuador, subsistence seasonal
agriculture constitutes the main livelihood strategy for local farmers. Non-timber
forest products, such as Caesalpinia spinosa locally known as tara, constitute an alter-
native to diversify income. Tara is collected from natural areas, by mostly women,
during male migration periods, which coincide with the dry season. To identify
farmers’ income composition, a field survey was conducted among 125 farmers, who
also happen to collect tara. Prevalent agricultural options for the region included
maize, beans, cattle ranching, pigs and poultry. To calculate risk-efficient combina-
tions, we applied Markowitz’s portfolio theory, which combines options based on their
income and risk performance. The results revealed that tara is only part of low-income
portfolios, despite the low correlation between the markets. The exclusion in tara
from high-income portfolios might be a consequence of its lower returns compared
with other options such as maize and cattle ranching. Collectors need to improve
efficiency during harvest and post-harvest processes to reduce loss, which is above
50%. If appropriately managed, tara could contribute to raising household income,
alleviating agricultural risks and boosting gender equality.

Keywords: risk, income, diversification, NTFPs, sustainability

1. Introduction

Farming activities are often exposed to several sources of risk that are faced by
households without enough information to support their management decisions. Pro-
duction, marketing, financial, institutional and human risks are experienced by most
farms, either independently or interrelated. Various socio-economic conditions affect
people’s livelihoods, such as the availability of employment opportunities, access to
markets, agricultural development, the degree of linkages with urban areas and labour
migration [1].

Several studies focused on the livelihood strategies in developing countries have
highlighted the relevance of diversification to reduce risks [2]. Rural households
diversify their livelihoods and combine various strategies to obtain food, goods and
income. With increasing exposure to national and international markets, new

273 IntechOpen



Sustainable Rural Development Perspective and Global Challenges

opportunities are emerging. People at the forest fringe combine the exploitation of
natural resources with farming, off-farm employment and labour migration [1]. The
contribution of forest for income diversification is underrated though. Forests provide
a wide range of goods and services to local dwellers that create opportunities to
address many sustainable develop goals (SDGs). Sustainable forest management
might promote economic growth and productive employment in rural communities,
especially the poorer ones [3]. Moreover, the broad branch of non-timber forest
products (NTFPs) can create greater inclusion of women in the field of sustainable
forest management, boosting women empowerment [4].

Crop diversification and the inclusion of alternative options such as NTFPs can
enhance the performance of low-income farms [5-7]. Over the past few decades,
NTFPs have been playing a significant role in the improvement of livelihoods of
communities around the world through cash income, food security, health care,
nutrition, and other social and cultural ecosystem services [5, 8]. Besides the potential
for income diversification, NTFPs have an important insurance role for farmers. In
many developing countries, NTFPs are considered as a safety net that fills the gaps
during emergencies and shortfalls in agricultural production [5]. In case of crop
damage, the households harvest NTFPs for supplementary income [6].

Since the early 1990s, the role of NTFPs for sustainable forest use and poverty
alleviation has received increased attention [1, 2]. Nevertheless, the income-
generating capacity of NTFP extraction in natural forests is restricted to factors such
as product availability, density and irregular distribution of valuable species. NTFP
harvesting is mostly a part-time, seasonal and subsistence-oriented activity, comple-
mentary to farming [1].

According to the IPCC [9], climate change is expected to significantly impact the
provision of NTFPs, especially in mountain regions. The increase in global average
temperatures and change in precipitation patterns will impact the provision of NTFPs.
Scientists foresee that warmer temperatures can drive to shifts in plant species distri-
bution and richness, and some of them alert a rise in local extinction risks due to the
competitive replacement of slow-growing plant species. Moreover, climate change is
expected to increase exposure to other risks such as more frequent and severe forest
fires, storms, landslides and floods [10]. Faced with this situation, it is necessary to
implement long-term adaptation practices that guarantee the availability of NTFP and
provide local communities with suitable livelihoods [11].

NTFPs have the potential to improve the livelihood of rural dwellers in tropical
countries. In Ecuador, the market for NTFPs is rarely considered a profitable option
because the accountability of harvesting and trade is deficient. Caesalpinia spinosa
(Molina) Kuntze, locally known as tara, is a native species in the Andes [12]. Tara has
been traditionally appreciated due to its multiple uses as firewood, construction mate-
rial and fog catcher [13]. More recently, it has become a valuable NTFP alternative
attributable to its high commercial value on growing international markets. Its pods and
seeds are used for medicine, food and industry sectors based on their antimicrobial and
antioxidant capacity [14-16]. The pods are used in the leather industry and for the
manufacture of dyes because of their high content of high-quality tannins. In addition,
the seeds are rich in a hydrocolloid called tara gum highly appreciated for the manufac-
ture of food thickeners, cosmetics, varnishes, paints, etc. [17, 18].

In southern Ecuador, tara is distributed in wild populations along with dry tropical
mountain forests, which is one of the most threatened forests in the world [18, 19].
This area is also affected by poverty, around 29% of the population is regarded as poor
according to the National Institute of Statistics [20]. In this region, tara is mainly
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collected by local women [21]. Females are more likely to be engaged in NTFP
collection [8]. Thus, policymaking and land-use planning must consider that NTFPs
are part of the overall livelihood strategy of the people involved [6].

In order to understand the livelihood strategies of poor households in dry forest
areas and their interactions with NTFP, as a source of supplementary income, this
research was conducted in southern Ecuador. Throughout this study, we aimed to
determine the current composition of farmers’ income. We also analysed the share of
the tara on overall farmers’ income and the harvesting strategies. Finally, we assessed
the risk related to the main farmer’ activities in the region and how NTFPs can be
incorporated as part of diversification strategies to cope with farming risks.

2. Risk and risk management in agriculture

Landowners make decisions every day concerning farming operations that affect their
income. Several factors may affect the performance of the activities, some of them are
deterministic while others are rather stochastic [22]. Many of the factors that affect
farmers’ decisions cannot be predicted such as weather conditions, market price volatility,
labour availability, machinery, equipment failure and government policy change. The
most common sources of risk in farming can be divided into five areas (Figure 1) [23].

Farming has become increasingly riskier over the years, due to market liberaliza-
tion and globalization. This situation affects smallholder farmers severely, they need
to improve skills for both production and business management. Changes in prices are
beyond the control of any individual farmer. Price movements follow supply and
demand trends, which change unexpectedly affecting the market price [24].

Financial risk occurs when money is borrowed to finance farm businesses [23].
Risks are associated with future interest rates, lender’s willingness to provide funds
and the ability of the farmer accomplish loan repayment. Smallholder farmers who
borrow money at high-interest rates are prone to fail debt repayments, especially in

Production and
technical risk

*\Weather
ePest
sDiseases
Marketing risks
Financial risks .
*Prices
e|nterest rates eCosts
*Debt repayments eDemand
*Payback period eSupply
Institutional risks Human risks
eRegulations *Migration
eTaxes s Adult population
eSubsidies *Gender

Figure 1.
Sources of risk in farming.
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situations of lower than expected prices, combined with low yields, which can even
lead to the sale of the farm. Another important source of risk comes from government
policy affecting farming, such as price support and subsidies. Subsidies and regula-
tions are examples of decisions taken by the government that can have a major impact
on the farm business [24]. Finally, it is important to mention human-related risks
because, in many regions, labour migration from rural areas is a common factor.
Migration can cause labour shortages, farmers often face uncertainty concerning
labour availability to meet demand during a farming season.

Risk management involves anticipating potential problems and planning to reduce
their detrimental effects [23]. There are several strategies that farmers apply in order
to cope with risks related to land use. Farmers can reduce risk by applying new
technologies and practices designed to address specific risks, common to their area of
production. Risk-reducing inputs (e.g. fertilizers and integrated pest management)
might reduce the risk of low yields and crop damage. Similarly, irrigation reduces the
risk of low rainfall. New seed varieties are being developed with certain characteristics
to be resistant to drought, disease and pests. Nevertheless, not all inputs might reduce
risk, even if fertilizer is used, the crop still depends on water availability, which may
or may not be favourable. When soil moisture levels are low, using a fertilizer can still
result in low yields. Understanding how farmers make land management decisions is
critical to designing strategies to reduce risk exposure. Profitability of a particular land
use obviously encourages farmers to allocate land to it; nevertheless, motivations
behind decisions are often more complex than simple profit maximization [25].

2.1 Land-use diversification

Farmers’ decisions about how best to use resources are driven by the goal of
improving their well-being. Well-being is defined across many dimensions, including
income, security of livelihood and health. Decisions about land use are influenced by
the potential benefit of each activity, which, in turn, depends on the available tech-
nology, market and environmental conditions [26].

A key factor to consider is farmers’ preferences towards risks. People generally do
not become involved in risky situations unless there is a chance of making high profits.
Many farmers around the world integrate crops and livestock to reduce risk and
improve efficiency and sustainability. The risk involved with the farming options can
be an essential factor in assessing preferences, because risk-averse farmers tend to
choose the option with the lowest uncertainty, despite the fact that the potential
reward may be lower as well [22]. Farmers are often regarded as risk-aversive, which
means they give up on profits provided that a certain income is guaranteed.

For risk-averse farmers, land-use diversification improves the overall performance
of the farm because it spreads risk among several crops, which should have a low
market correlation [27]. Risk-averse farmers may achieve high levels of risk reduction
by mixing two or more land-use options whose financial yields fluctuate indepen-
dently from one another (low or negative correlations). In other words, in periods
when returns from one asset drop, another one may generate unexpectedly high
returns, thus moderating the effects of economic booms and busts [25].

2.2 The safety-net use of non-timber forest products

Evidence suggests the potential of NTFP to contribute to conservation of forest
and to improve livelihood of rural landowners. Nevertheless, the exploitation of NTFP
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has often been neglected both in policy and research, because they are often regarded
as secondary forest products. Recent research suggests that NTFPs are an important
source of cash income for communities living in remote areas and safety net for
diversifying income along the year [6]. Rural households, which have limited credit
and insurance options, apply diversification strategies in order to reduce aggregate
risk. The safety-net use of NTFP extraction may take the diversification strategy
equivalent to a portfolio analysis, because the households use NTFP extraction as a
risk-free asset [28]. Even though NTFP extraction might have a low annual value, it
can provide insurance in the case of unexpected losses.

NTFP extraction appears to be efficient for poor rural households. Many NTFPs do
not have strong positive correlation among themselves or with agricultural output [7]
so they can be efficient risk-management instruments. Two characteristics of NTFP
are important to note. First, there are low capital and skills requirements to NTFP
extraction as well as open or semi-open access to the resource, so poor households can
easily extract the resource. The poorest people are those who are the most engaged in
NTFP extraction. Second, NTFPs habitually have low return to labour, so they have
poor potential to alleviate poverty [28, 29].

3. Methods

The study area is located in mountain dry forest areas in southern Ecuador, where
tara populations naturally occur, and the population is currently participating in the
market of tara (see Figure 2), covering an approximate extension of 2396 km?. The
area is characterized by a temperate and dry climate, with two well-defined seasons:
dry and rainy, the latter from December to April. The average altitude is 1385 metres
above sea level. The annual rainfall has a mean value of 953 mm, and the annual
temperature mean value is 18°C.
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Figure 2.
Location of the project.
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The estimated population in 2020 was about 34,424 people, with approximately
8200 households. More than 70% of the population live in the countryside, scattered
across numerous small villages and communities. This region is characterized by
subsistence agriculture and livestock production, with a poverty rate of 29%. It is
estimated that 30% of households live below the country’s poverty line [20].

3.1 Data collection

This study is based on primary data collection through a field survey to 125 rural
households between January and July 2019. The questionnaire was focused on the
socio-economic characteristics of the households, the assets and the main sources of
income. Other questions include the participation of the different members of the
household in the different income-generating activities, such as agriculture, livestock
and the collection and sale of NTFPs.

Data were analysed both qualitatively and quantitatively to provide a deeper
understanding of household production, management and use of NTFPS. The quanti-
tative data were analysed using the Statistical Package for Social Science (SPSS)
software and Microsoft Excel to obtain descriptive statistics such as percentages of
responses, frequencies, means and standard deviations.

To calculate family income, volumes of production were multiplied by the current
price at farm gate. Net household income was calculated as the difference between
household income and production cost, main costs included labour and inputs (e.g.
fertilizers, manure, seeds and pesticides).

3.2 Risks assessment and diversification

In order to assess risk, information on prices of the most valuable agricultural
options for the study area was collected from Faostat for the period 1999-2009 [30].
As information of price for tara for the Ecuadorian market is scarce, we used data
obtained from Peruvian institutions as a proxy, since the market for tara is better
developed there.

Price values were simulated in an excel sheet based on their mean value and
standard deviation using Eq. (1). This simulation generated normal random variables
for price for each year of time horizon.

Y = NORMINV (RAND(), P, STDP) (1)

where Y is normally distributed random variable, NORMINYV is excel-based
assumed normal distribution, RAND () is the probability, P is average of price, and
STDP stands for its standard deviation. We later performed a Monte Carlo Simulation
to model the probability distribution of returns. Based on this information, we
analysed the level of dependency of the markets through correlation and covariance
analysis.

Diversification was performed through the application of the portfolio analysis
[22]. Our work model farmers’ options for balancing economic return and risk. This
approach attempts, by means of the allocation of land to various land-use practices, to
maximize the expected economic return, for a given level of accepted risk, which is
represented by the standard deviation (SD) of economic return, through careful
selection of the proportions of agricultural options. Those portfolios that provide the
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largest economic return for a given SD are termed efficient portfolios. All others are
considered inefficient.

The expected economic return of a portfolio with two or more assets, Rp, is
obtained by adding the expected economic returns, ri, weighted by their proportions,
fi, of the single land-use options.

Rp = § f it (2)
i
The SD of economic returns for the portfolio, op, is quantified as follows:

Op = \/Zizjfi 'fj - COVij 3)

with:

Eifizl fi,jZO Var;i=Covy; COVij = p;;i"Si-S5;

where i and j are the indices for the specific land-use options; fi is the proportion
of a specific agricultural land-use practice in the portfolio; si is the SD of returns
for land-use practice i; pi,j is the coefficient of correlation between the returns for
options i and j; vari is the variance and covi,j is the covariance between the
economic returns for options i and j. Using this method, the effects of
diversification can be identified for different combinations of land-use options,
provided that the variability of their financial return is not perfectly positively
correlated (p # 1).

The selection of the optimal portfolio can be made based on the reward-to-vari-
ability ratio (Eq. (4)) [31], where the portfolio return, Rp, minus the return of a
riskless benchmark investment, Rri, is divided by the portfolio standard deviation op.

Rprm'

Op

(4)

max Rp =

The riskless benchmark yield, Rri, is assumed as the interest yield that famers
could obtain when investing in a safe financial asset. We assume that farmers can sell
their land and invest that money in the capital market at an interest equal to 5%. Value
of land has been set at a conservative value of US$2000 per ha, for which a riskless
yield equal to US$100 can be obtained yearly.

4, Results and discussion
4.1 Livelihood strategies

Subsistence farming is the main economic activity in the region. Rain-fed subsis-
tence farming relies on traditional crops such as corn and beans. Other representative
crops are peas, coffee and peanuts on a smaller scale. Only 25% of the land is used for
productive activities, due to the low soil quality and lack of labour, irrigation and
financial resources. Regarding livestock production, landowners are engaged with
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cattle, pig and poultry production (Table 1). We observed high variation among the
returns of households along with all the activities.

Concerning the two main farming options, a meaningful number of households
depend on family labour (Table 2), nevertheless, hired labour is also required, espe-
cially during seasonal migration periods from June to December. Improved seeds are
seldom used so far in the region, as most households admit to using their seeds.
Technification of farming is also low, fertilizers either organic or conventional are
occasionally used at the farms, the use of pesticides is more habitual though. The
number of households that are reported to have loans and debt is also limited, most of
them work with local banks and financial cooperatives.

4.2 Income from tara and other NTFPs

The data revealed that about 21% of the people collect fuel wood (e.g. Eucalyptus
globulus and Acacia macracantha). An even smaller proportion collect NTFP other
than tara, mainly Marsdenia condurango Rchb.f., locally known as condurango. The
total amount of condurango harvested is later sold at the local market. There is an
increasing demand for the product, but the collection occurs over a brief period,
mostly by women. Tara, on the other hand, has a more established local market
(Table 3). It is collected once a year in natural forests, mainly public areas. The

Annual income per household

Product Number of households Mean USD Max USD Min USD

Maize 107 670 9300 16

Beans 102 456 3445 24

Cattle 27 2181 15577 312

Poultry 92 282 1585 54

Pigs 37 550 2944 134
Table 1.

Annual veturns of the main products in the study area.

Number of households
Maize Beans
Family labor force 57 37
Hired labor 64 35
Improved seeds 23 5
Organic fertilizers 20 10
Conventional fertilizers 27 15
Pesticides 60 37
Machinery 71 27
Credits and debt 22 14

Table 2.
Forms of production.
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Number of Total amount Total Production (ton) Income (USD)
households harvested amount sold : .
(ton) (ton) Mean max min Mean max min
Condurango 10 0.58 0.58 0.058 0.091 0.011 105 270 7.5
Tara 118 58.5 26.3 0.2 20 0.040 100 900 11

Table 3.
Local NTFPs harvested in the study area.

collection period ranges from May to December. Nevertheless, there is a waste of
around half of the harvest caused by inadequate storage which produces losses due to
fungus, under moist warm conditions. Training programmes and simple equipment
can boost production, speed up processing times and reduce losses, they are essential
tools for local farmers to enhance harvesting and post-harvesting.

In recent years, research on the role of forest-related income in rural livelihoods
has been gaining momentum. Case studies around the world study the interactions
between forests and livelihoods, and the contribution of NTFPs range from 6 to 45%
[32]. In the case of tara, it currently represents less than 5% of household income. This
activity generates an annual average of USD 100, which complements the income
from agriculture. The potential of NTFP to improve farmers’ livelihoods should not be
exaggerated as poorer communities are the main actors in NTFP extraction [6].

4.3 Risk assessment and diversification

Farmers often choose productive activities that maximize their well-being, given
the resources and opportunities available to them. To assess the risk involved in
farming activities, five productive options were selected: maize, beans, cattle
ranching, pig and poultry together with tara. Figure 3 displays the prices of the
selected products over the period 1999-2019.

Based on this information, we calculated the correlation matrix to observe the
degree of dependency between the selected options. We observe a considerable
dependency among the markets of beans and animal breeding as shown in the corre-
lation matrix (Table 4). Tara on the other hand has a medium positive correlation
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Figure 3.
Price volatility of farming options.
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Maize Beans Cattle Poultry Pigs Tara
Maize 1 -0.043 0.292 -0.330 -0.155 -0.185
Beans -0.043 1 0.668 0.687 0.844 0.409
Cattle 0.292 0.668 1 0.561 0.661 0.362
Poultry -0.330 0.687 0.561 1 0.863 0.240
Pigs -0.155 0.844 0.661 0.863 1 0.197
Tara -0.185 0.409 0.362 0.240 0.197 1

Table 4.
Correlation matrix.

with all the agricultural options, except maize. NTFP collection is positively correlated
with an agricultural shortfall and expected risk [33].

To achieve income diversification, combinations of five agricultural products and
tara were tested by applying the portfolio theory. We calculated portfolios for given
amounts of return subject to a minimum standard deviation, as a measure of risk. The
resulting shares were highly dependent on the performance of each asset in terms of
return and risks. Tara, for instance, was part of the portfolios with the lowest returns
(Figure 4). It only was part of the portfolios with returns below 300 USD. As the
amount of portfolio income rises, the share of tara drops to zero. This situation is a
result of the low returns that tara harvesting delivers so far. Nevertheless, improved
management of the species might enhance the overall financial performance of tara as
an income generator option for rural households. So far, we have measured the risk of
tara based on the volatility of the price, but little is known about how natural risks
affect the supply of pods.
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Figure 4.
Shave of agricultural options in optimized land-use portfolios based on expected return.
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Portfolio Share %

Return USD Sd Maize  Beans  Cattle  Poultry Pigs Tara  Sharpe ratio
UsD
100 32.24 0.02 0.07 0.00 0.26 0.03 0.61 0.620
200 37.77 0.18 0.11 0.02 0.33 0.08 0.29 3.178
300 58.43 0.34 0.12 0.03 0.37 0.14 0.00 3.765
400 86.89 0.55 0.04 0.06 0.15 0.20 0.00 3.683
500 122.86 0.74 0.00 0.12 0.00 0.14 0.00 3.418
600 190.53 0.73 0.00 0.27 0.00 0.00 0.00 2.729
700 286.94 0.54 0.00 0.46 0.00 0.00 0.00 2.161
800 393.37 0.36 0.00 0.64 0.00 0.00 0.00 1.830
900 503.52 0.17 0.00 0.83 0.00 0.00 0.00 1.629
Table 5.

Land-use portfolios for southern Ecuador.

Land-use portfolios were more diverse under 500 USD, above that income, port-
folios were dominated by maize and cattle ranching. This behaviour is explained due
to two main reasons, the financial performance of options and safety-net effects. First,
cattle ranching delivers higher profits than any other option, despite the risk involved
with the activity. Cattle also serve as a saving strategy used by farmers under distress.
Maize, on the other hand, has a low risk compared with the other options and serves
food security. Farmers who operate under subsistence conditions tend to be the most
risk-averse. The provision of food for their dependants is an overriding priority for
many of them. Activities with a monetary reward are frequently forgone in favour of
meeting the objective of producing their own food.

We determined the optimal land-use portfolio by applying the Sharpe ratio, which
is constructed based on the performance of the reward-to-variability ratio (Table 5).
According to this method, the portfolio with the best performance was the one that
achieved 300 USD. Above this bar all the portfolios deliver a riskier outcome, they are
thus, inefficient.

5. Discussion and conclusion

Rural households relying upon subsistence agriculture face multiple uncertainties
that so far are poorly understood. Moreover, they usually have poorer risk manage-
ment strategies due to lack of training, limited access to credits and long distance to
local and regional markets. This study, based on rain-fed subsistence agriculture,
explores income diversification based on farm options and NTFPs, as a strategy to
cope with risks.

Even though a body of literature has documented the potential of NTFPs’ on
poverty reduction [1, 5] livelihoods improvement and environmental sustainability
[34], evidence suggests that the impact that NTFPs might have on household income
should not be overestimated [6]. This is particularly important because landowners
engaged in the collection of NTFPs generally live in poor conditions where even the
most basic healthcare and educational services are lacking [35].
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Even though the collection of tara is a commercial activity with potential for the
economy of the study area and a source of income for women, we observed that its
extraction has low poverty alleviation effects, due to its low return. Nonetheless, it can
become a viable tool to compensate for the agricultural risk, if properly managed
during harvest and post-harvest campaigns to reduce losses. The assimilation of tara
as a viable business among farmers can boost the achievement of SDGs related to
economic growth, decent work and gender equality [3, 4, 21].

Tara is being harvested from wild populations, a common pattern by poorer rural
households in developing countries. As generally, harvest leaves the forest structure
intact, it can also be promoted as an alternative for forest conservation. Sustainable
commercial exploitation of NTFP could serve as a stimulus to sound forest
management [13].

NTFPs are among the forest products that better serve as livelihood resources in
the face of climate stresses [36], since NTFPs can provide income opportunities [37].
The use of NTFPs has also been recognized as important for the climate resilience of
small production systems since natural forests are more resistant to climate change
than monocultures [38, 39]. Migration is one adaptation strategy practised by farmers
due to climate change as it provides off-farm income [40]. Nonetheless, we observed
in the study area that it affects household performance because it reduces labour
availability during the cropping season.

NTFP trade also face risks and challenges, which can lead to only short-term
returns, rather than sustainable businesses [41]. They recommend to paying attention
to the governance of resources, organizations and gender. All of these factors are
extremely relevant for most developing countries, and certainly for our case study
because collectors of tara are mostly women. The authors recommend considering on
how men and women participate in the collection, who benefits and controls NTFP
harvest and trade and how the benefits are shared within the household. Lack of
knowledge can also affect the performance of NTFP, we found a waste of about half of
the harvest due to fungus. Limited knowledge about storing technologies, processing
opportunities, market information and how to domesticate NTFPs constrains its
overall outcome as a generator of income.

Moreover, the contribution of NTFPs to improved livelihoods can be assured
through a process of gradual domestication in man-made vegetation types such as
forest gardens and plantations. There is often a gradual transition from the collection
of wild products in natural forests to enrichment planting in secondary forests and
managed home gardens. Tara is tolerated in the farms, where it provides shade and
serves as a reference in the division of farms [13]. Future studies should assess the
potential of tara as a commercial plantation to reduce the impact on wild areas and
reduce the time spent by farmers for collection, as natural areas are located remotely.
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