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ABSTRACT

Rural spaces have been neglected for a long time and consequently, they are in decline. The rural
populations are migrating towards cities causing unnecessary pressures on the services of the urban
cores. Smart village is a comprehensive strategy to improve all the aspects of village life and hence
protecting the rural as well as releasing pressure on urban areas while also promoting agriculture.
Five main dimensions for Smart village were found; Smart Agriculture, Sustainable energy,
Inclusive Development, Knowledge-Based Economy, and ICT. For the purpose of finding the
barriers to the implementation of the Smart Agriculture in Pakistan, a questionnaire was designed
and data were collected from the selected villages of Multan. Factor analysis was performed to
combine the numerous barriers into fewer concentrated and more meaningful groups. One of the
main barriers found was the lack of funding and interest by the public institutions to improve the
rural areas and the lack of infrastructure to support villages. An acceptability index was made
through the composite index method to find out the acceptability of Smart Agriculture among the
locals. A moderate level of acceptability was derived from the composite index with a low standard
deviation concluding the uniform opinion among the locals. Finally, a smart village framework

was devised for policy interventions and structural reformation of rural areas in Pakistan.

Keywords: Village, Smart, Rural areas, Pakistan, Barriers, Sustainable, Acceptability,

Agriculture
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Sustainable Development is the ability of the governing bodies to perform development in such a
way that it does not diminish the capability of the future generations to meet their needs. It is
therefore essential to have integrated processes of development, incorporating every stakeholder
to come up with creative ideas, that will support sustainable solutions for the future. This
undoubtedly requires to have an all-encompassing approach and thus sustainable rural
development is an important part of the process. Smart Village, a new and more focused concept
has the ability to provide sustainable rural development through ICT (not always), innovation and
the use of new and advanced technologies where it can be applied to improve the quality of life in

the rural areas.

There has been a surprising lack of interest in the rural agenda in the past decade or so. The issues
pertaining to the rural space are diverse and complicated. The limited research and lack of data on
rural areas contribute to the ambiguous situation of the complex issues. The subject is further
complicated by non-uniform definition of what constitutes a rural area and as reported by Thomas
Dax, in his impactful journal article “Defining Rural areas”, there is no one definition for a rural
area and the common (mis) perception is that rural areas are non-urban areas. The lack of
uniformity in the concept of rural areas as explained have greater policy implications as the issues
are seen as mainly “rural issues or non-urban issues” requiring distinct solutions which in reality
would require holistic methodologies involving all the interdependent regional entities(Dax,
1996). This above-mentioned uncertainty, among other issues such as duplication of roles in
institutions related to rural development or uncertainty in departments over funding, make it
difficult to implement practical solutions and provide a better system of governance in the rural
areas. In short, rural areas have governance issues as the policies and instruments for delivery do
not support the actual on ground situation of the rural areas. The term governance is used to

describe



the relationship between the state and its people(Goodwin, 1998) and while governance issues are
being discussed in context of urban metropolitans, it is certain that the mis-governance of rural
areas will hinder most or all of the SDGs (Sustainable Development Goals) provided by United
Nations in 2015. 3.4 billion people (or 40% of total population) live in rural areas as reported by
United Nations in 2018(Affairs, 2018). For example, to achieve SDG goal no 1 to end poverty
there must be an agenda incorporating both urban and rural areas as it is impossible to eradicate
poverty while neglecting 40% of the human population, SDG goal no 2 zero hunger requires the
same. Most of the SDGs require holistic frameworks that not only address urban populations but
focus on rural populations as well. “Smart Village” is a concept that can address these problems

by providing the framework for Sustainable Rural development.

Globally about 70% of the poor reside in villages, therefore if a strategy for poverty eradication
has to be successfully implemented, there must be a visible focus on rural areas. Secondly, the
nutritional requirements of the population, more specifically in developing countries, come from
the rural areas, therefore the practices adopted by the farmers are of utmost importance to the
government and good willed policy makers. The need of the century is to provide massive
consumption for the billions while reducing the stress on the natural environment as much as
possible, preferably through modern and sustainable agricultural techniques. As discussion in
Smart Villages and its dimensions will continue later, we will see that to motivate farmers specially
poor farmers there is a need for an in-depth incentivized framework for agriculture that provides
not only short term benefits such as higher crop yields but long term incentives as well such as
education for the farmers children or pension schemes focusing deliberately on farmers adopting
good agricultural practices(Hazell & Lutz, 1998). Sustainable Agriculture is the hallmark of Smart

villages in developing countries and it is the dire need for the future.

There are multiple strategies to tackle the problems and make rural areas more sustainable. One
such strategy, most often thought as an exclusive urban solution, is a smart community concept.
This strategy is explicitly related to SDG goal no 11 of sustainable cities and communities as this
approach allows us to give smart solutions for sustainability in both rural and urban areas. The
strategy also incorporates many other SDG goals including but not limited to good health and well-
being, responsible consumption and production and Climate action. As we will continue into

further sections of the research, we will realize that Smart village is not a “one idea fits all” type



solution but rather a more practical response to real life issues that can be solved with smarter
solutions preferably (but not always) with ICT (Information Communication and Technology) and
has the potential to improve the quality of life of its rural citizens. Like every new concept there
are many ambiguities and no such universal definition exists. Some researchers such as Holmes
and Zavratnik have done extensive research on Smart village concepts around the world and
several successful smart initiatives have been dissected in order to reveal their potential strengths

and weaknesses. (Holmes et al., 2015)

In this research, a comparative analysis of smart village will be done where definitions, dimensions
and well-established pillars will be assessed in order to conceptualize the term “smart village”.
Furthermore, the possible shortcomings that exists in current research scenario of smart villages
will also be reviewed. The aim of this study is to suggest a smart village framework suitable for
Pakistan. Major obstacles are also highlighted that includes policy hurdles and institutional
weaknesses in rural development, cultural hindrances and funding issues related to the rural areas

in Pakistan.

1.2 Main Objective of the Study

The primary objective of this study is to assess the role of Smart Agriculture in Sustainable

Rural Development in Pakistan. The study area selected for survey was Basti Mithu, Multan.

1.3 Sub Objectives

1. To conceptualize the concept of a Smart Village from the lens of Sustainable Development

Goals and Sustainable Rural Development
2. To explore the constraints/barriers towards implementation of a Smart Village
3. To find the acceptability of the Smart Village concept by the local rural population

4. To propose a Smart Village framework for villages in Pakistan



CHAPTER 2

LITERATURE REVIEW

2.1 Sustainable Development

“Sustainable Development” is the current buzzword in every aspect of social, economic and
political sphere of our lives. It is presented in business meetings as to ensure their products are
“sustainable” to the environment, or in high level government councils where they propose policies
on decreasing the carbon emissions to achieve “sustainable” growth. It is the term when used
appropriately means a lot of work on every dimension of our life and therefore requires deeply
integrated policies and strong institutional support to implement these policies on ground(Fu et al.,
2019).

Agenda 2030 was proposed on the United Nations sustainable development summit in New York.
It was formally signed by all the member nations on 25" September, 2015. It streamlined the
previous Agenda 21 and put forth 17 goals with timebound targets. Agenda 2030 is famous for
putting the concept of 5 P’s (Peace, Prosperity, People, Planet, Partnership), where these 5 terms
are essentially required for achieving the 17 proposed goals. These goals are important for all
nations and their people in order to have a sustainable growth pattern. This ensures protection of
the natural environment as well as the social and economic benefits that are necessary for providing
good quality of life to the citizens of this planet. Some goals include SDG1 End poverty in all its
forms everywhere, SDG2 End hunger and achieve food security, SDG7 Ensure access to
affordable, reliable and sustainable energy for all. The essence of the SDGs is to guide everyone
into leading a conscious life, growing while protecting the natural environment and taking care of
the limited resources available on the planet as well as ensuring the well-being of the future
generations(Sachs et al., 2019).

2.2 Relation between Sustainable Development and Rural Development

2/3" of the total population in the subcontinent reside in rural areas(Muhammad et al., 2017),

which means that to achieve SDG1 of ending poverty requires actions in rural areas or SDG2 of



ending hunger or SDG11 of making cities and “human settlements” sustainable all require a
deliberate focus on rural areas. Without the due attention most of the SDGs will not progress
farther especially in the developing nations where rural population is still a major chunk of the
total population. Most of the SDGs proposed in Agenda 2030 will have to consider rural spaces as
well, the debate on Sustainable Development cannot be concluded without giving Rural

Development a key role in all our actions and policies.

2.3 Importance of Rural Development

The World Bank’s report, state of water supply, sanitation and poverty in Pakistan and its impact
on child stunting, released in 2018 has calculated the rural poverty at 36%, while urban poverty
stands at 18%. Another revelation from the report is also desolate, although the overall poverty
levels have gone down since 2000-2001 but the gap between rural poverty and urban poverty has
stagnated. About the literacy rates, report findings show female literacy rate in rural areas at 28%
which is less than half of the urban female literacy rate(Mansuri et al., 2018). These poverty and
gender gap statistics on rural areas is a cause of concern and therefore the need for better rural

development is called for.

In the 2001 paper by Simon Maxwell, “Rethinking Rural Development”, Simon correlates the
trends of rural-urban migrations and ask if the migrations will continue through 2020 as projected
by the data at the time. And will the villages become sanctuaries for the very young and the old,
while the productive youth migrate to urban centers in search of wages and employment
opportunities. This question has remained relevant throughout, with much of the research is being
done on rural-urban migrations and the effect on cities resources while less so on the impact of
rural economies because of rural to urban migrations(Ashley & Maxwell, 2001). In this regard,
the rural areas have been neglected as the issues pertaining to lack of labor force, employment
opportunities, decreasing trend of enterprises etc. have continued throughout to 2020 (present).

Lack of basic services, hubs of poverty, lack of growth opportunities, shortage of skilled/ semi-
skilled laborers etc. needs a new and rethinking of rural development policies. These issues show
the rural development done in the past is not working, therefore it is time to change the way we

think about rural areas and how we govern them.



2.3.1 General Approach to Rural Development

Rural Development policies has been stagnant in the past few decades. Primarily, the policies
towards rural development have been directed towards agricultural productivity while a great
neglect is been shown in issues pertaining to circular rural economy, community participation,
basic services, de-ruralization and lack of basic utilities. The Green revolution in the 1960°s made
the mass agricultural production possible, therefore the approaches towards rural development
have been normally persistent towards improvement of agriculture and more recently “Sustainable
Agriculture” term has been coined by various International agencies as being of utmost importance
towards nation development and betterment of rural areas. Investment in agriculture has many
benefits, i.e., increased labor, enhanced food production, coping with stresses in malnutrition.
These benefits alone are enough for many nations to focus solely on rural farm economy but recent
trends of rural to urban migrations, shortages of labor, climate induced migrations and shifting
weather patterns show that there is required an integrative policy towards rural development that
needs to cater to the issues currently developing. The major policy change is required to focus on
the rural non-farm economy (RNFE), it is essential that the migration outflows be weakened to
improve the overall well-being of rural areas. Investment in agriculture is no more the only solution
towards rural development (Ashley & Maxwell, 2001; Ellis & Biggs, 2001; Simkova, 2007).

2.4 Defining Smart Village

As mentioned earlier the term “smart village” is relatively new and therefore there is a wide gap
in research. The most common working definition as reported by European Network for Rural
Development (ENRD) is “rural areas having practical solutions to problems given by the locals
themselves and actions taken by community-led programs to improve the quality of life of its
residents”. ENRD also recognizes the differences between each community and the importance of
contextual solutions rather than actions that can bring benefit to some communities but not
others(Visvizi et al., 2019a). Rural areas that will build on their existing strengths and emerge from
their weaknesses with better support of the community can be considered in becoming smart

villages.

Rather enforcing ICT and Digitization in rural areas what is needed are local solutions based on
local issues and with consultation of local stakeholders. The solutions that are made by discussion
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with the local population will be sustainable in the long term. Rural areas improving upon their
existing quality of life and with improvements in services such as energy, access to finance and
credit system, sustainable agriculture and inclusive development can be called smart villages. It is
realized that the smart village concept preludes ICT and Digitization to improve upon their
problems but that should not be the case, the ICT part must come after potential issues are
identified and the solutions can be given with (or without) ICT. ICT is one of major pillars of
Smart villages but enforcing ICT on local populations who are unable to use them will not be
practical. Local training programs including the local acceptability surveys should be done to
improve the skill level of the rural residents and incentives specified which will motivate the
population especially youth to use the digital services for their improvement(Holmes & Thomas,
2015).

Many argue that smart strategy should not be applied on single distinct areas but should be part of
the regional strategy. The argument given is based on grounds that all areas are interdependent on
each other and for the improvement of one village requires improvement on the villages and cities
it directly and indirectly benefits from. Another major component that many prefer necessary is
the “smart specialization” strategy. This utilizes the rural areas existing potential strengths and
improves them upon using innovative solutions. It is also proclaimed that this strategy is more
useful for rural areas rather than urban areas which have diversity of business’s, markets, services
and governance levels and so cannot specialize in one area. Rural areas are more uniform and thus
specialization can be made more effective in villages. Undoubtedly this strategy requires a good
business environment, hardworking employees, innovation, R&D and inclusivity to be
successful(Naldi et al., 2015).

Different stakeholders will have different solutions, each actor can base its opinion in self-interest
rather in the community’s interest. Therefore, it is important to regularly update policies and

strategies to streamline the smart programs according to the community’s needs.

The overall concept of Smart village can be complicated especially when compared to the
relatively more refined smart city concept, we have to realize the differences and similarities
between these two apparently similar terms. The urban cores are highly developed with a huge
potential for utilization of digital and ICT services, on the contrary rural areas are sparsely

populated and basic infrastructure may or may not be available to implement ICT. Thus, we cannot



assume ICT will be integrated smoothly into the rural space but gradual improvements to the basic

facilities can make sure the rural areas become smart-er (Visvizi & Lytras, 2018).

There may be a notion that improving technological developments in the villages will make them
smart but it is important to consider the gaps in technological improvements and that it might not
be the only strategy. Technology must be integrated coherently with the smart objectives of the
village. Technology alone cannot be a strategy for improving villages but a more extensive
program that should preferably include better technologies for the benefit of the village must be
applied. In short traditional and new networks must be strengthened with the help of innovative
technological solutions to benefit the residents and enterprises of the village(Budziewicz-
Guzlecka, 2019).

Villages are being depopulated, loosing essential services and the quality of life is decreasing.
Rural youth are continually migrating to cities perceiving better livelihood opportunities and
higher wages. The heritage and unique cultures of villages are disappearing and agricultural is
stunted. The major objective for a successful smart village strategy must be therefore to first and
foremost improve the image of the village life, which can be done partly by using the term “smart
village”. Provision of basic services and diverse livelihood opportunities will create an incentive
for the youth to either stay or migrate back from major urban centers. Decreasing the digital divide
between villages and cities will also play a major role by providing a virtual space for rural
dwellers for work and leisure. Digitization can further be employed in improving market access
and introducing e-services. A successful implementation of smart strategy will however require an
intensive policy framework and an undivided attention towards smart rural development. A
constant supply of funds will also be necessary without any delays and complications. A “one-stop
shop” is also advised where the residents or the concerned villagers can ask for help in smart
projects, this one-stop shop will guide them according to their projects and a smooth
implementation can be done without worrying about bureaucratic hurdles and complicated
paperwork. We need to make villages attractive for the residents so they can be proud of their place
of residence. This will allow the local persons in investing further on improvement of their villages
and also will be more involved in any smart strategy introduced by the governments.(Visvizi et
al., 2019b; Wolski & Wojcik, 2019).



We have now understood the complexities and uncertainties around the smart village concept. The
need of smart villages may be challenged for its blurriness but as we have learned that smart village
is not just a fad, it is a wholesome concept that covers all aspects of rural life. For example, a smart
village will “improve the lifestyle of its residents by ensuring energy as a catalyst for development,
ensuring inclusive development with reduced inequalities, sustainable agriculture with
environment conservation, attractive opportunities for youth to come back to their rural homes,
digital services such as e-commerce, e-markets, e-banks, mobile banking facilities and
empowerment of excluded segments of the rural society.” The benefits of Smart Villages are
numerous provided we apply the concept generously and give the rural residents a voice to take
over their developments. We will later see when studying case studies of developing countries that
the smart village concept can be as simple as providing sustainable electricity to off-grid villages
and improving their agricultural practices, because that is the need of that “particular” village and

this would be considered a “smart growth strategy”.

2.4.1 Benefits of Smart Village

Rural areas are facing numerous problems including depopulation of rural areas, stagnant
lifestyles, limited employment opportunities among others (Katara, 2016). Smart village aims to
provide a sustainable environment through community-led development(Veronika Zavratnik et al.,
2018). It seeks to empower those who will directly benefit from the smart village. Sustainable
energy solutions and climate-smart agriculture will provide access to better wages and
opportunities for the local people. Furthermore, basic services such as water supply and sanitation,
electricity, health facilities will be prioritized in a smart village. It is important to note here that
although the smart village initiatives are bold and idealistic, the strengths and limitations each
village has will define what kind of goals the project achieves(Naldi et al., 2015).

2.4.2 Dimensions of Smart Village
After extensive Literature review on the Smart village, the five major dimensions most mentioned
by authors in the field were found. Below are most commonly defined Dimensions with empirical

evidences for smart village listed in no specific order.



Table 1 Dimensions from literature review

Dimensions Empirical Evidence
Smart Agriculture (Aggarwal et al., 2018; Campbell et al., 2014;
De-Pablos-Heredero et al., 2018; Fennell et al.,
2018; Jagustovic et al., 2019; Srivatsa, 2015)

Sustainable Energy (Heap et al., 2017; Ho et al., 2014; Holmes &
Thomas, 2015; Nasiakou et al., 2016; van
Gevelt et al., 2018)

ICT (Fennell et al., 2018; Holmes & Thomas, 2015;
van Gevelt et al., 2018; Viswanadham &
Vedula, 2010; V. Zavratnik et al., 2018)

Knowledge-Based economy (Heap et al., 2017; Holmes & Thomas, 2015;
Ranade et al., 2015; van Gevelt et al., 2018; V.
Zavratnik et al., 2018)

Inclusive Development (Heap et al., 2017; Jagustovic et al., 2019;
Ranade et al., 2015; Srivatsa, 2015)

2.5 Smart Villages for Sustainable Rural Development

Smart Villages has been considered a viable strategy by various scholars(Fennell et al., 2018; Heap
etal., 2017; Holmes et al., 2015; Holmes & Thomas, 2015; Tiwari et al.; Wolski & Wojcik, 2019)
for Sustainable Rural Development. The dimensions mentioned earlier certainly improves the
aspect of a village to become sustainable. For example. Sustainable Energy is evidently a catalyst
for several Sustainable Development Goals such as Education for all, improved water and
sanitation services, decreasing digital divide in rural areas. The concept of smart village can be
used to achieve sustainable rural development through various instruments like community-led
development, smart agricultural technologies, digital creative entrepreneur solutions, inclusivity

in development among others.

Smart villages allow for its inhabitants to use new and existing technologies in order to improve
the well-being of its populations and it also helps in reducing the outflow migrations thus
decreasing the service delivery load in the urban centers. The use of technology is encouraged as
to incentivize the youth to stay in the villages by giving them access to internet for education,

health and businesses. This incentives will motivate the youth to remain in their villages and further
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improve rural economies through their active participation in the development of the villages(V.
Zavratnik et al., 2018). The ideal case would be to use community participation in developing

villages on grounds of smart village concept thus moving towards sustainable rural development.

2.6 Case studies of Smart Villages

There are numerous examples of smart village implementation around the globe. There are
differences between those implementations especially between developed and developing world.
Following sections highlight the successful initiatives of smart villages in both the developed and

developing countries in order to explain the variation in smart villages.

2.6.1 Smart Villages in Developed Countries

Each village has a unigue identity with different cultures and social systems. This unique identity
has to be kept in mind while following any smart village idea. For example, in Wisconsin, USA
the goals that are required come from the fact that basic infrastructure and common services such

as utilities, banks, market access etc. are easily available.
The smart goals therefore reflect this information and are as follows:

To create new housing opportunities for locals,
Make communities walking friendly,

Promote a sense of belonging for the residents,
Conservation of environment protection zones,

Making new and enhancing on-going developmental projects,

o gk~ w N E

Improving transportation
The above goals are context based and follow the course of action as per need of the region.

The European Union on the other hand is focusing on making rural areas smarter by investing in
“Knowledge-Based Economies” through digital and innovative projects. The priorities are to
engage community members in using digital applications for variety of services including e-
government, e-marketing, e-education among others. The European focus is of overcoming the
digital divide between urban and rural residents and therefore connecting communities digitally
for mutual benefit. Markets can be directly connected through ICT to consumers, cutting out the
middle man and improving the direct relationship between consumers and producers. Knowledge

based economies foster innovation and connect people through common goal of community

11



improvement. This European model focus is based on the needs and existing infrastructure of the
region (V. Zavratnik et al., 2018). It is also important to understand the mutual interactions of
villages on cities and vice-versa. These interactions must be in a balance to avoid tilting the rural
youth population into urban areas. This is an important factor while considering any smart village

model as stated by Srivatsa in his research on Indian smart villages(Srivatsa, 2015).

Recently in 2016 Cork Declaration 2.0 was proposed under the label of “Better life in rural areas”.
The declaration discussed various emerging issues in rural areas of Ireland including rural exodus
and youth drain. It encouraged investment in rural areas to improve the life of rural residents and
decrease rural to urban migrations. It also recommended to increase the sense of place of these
rural areas to make them more attractive to live. This Declaration had several smart goals including

digital transformation of rural areas and increased ICT connections(Declaration, 2016).

Another Declaration named as Bled Declaration (Bled, Slovenia) was much more recently passed
in 2019. It realized the potential of digital economies in rural areas, if invested can bring great
change in overall quality of life of rural residents as well as provide much more livelihood
opportunities. This will undoubtedly give the youth a good reason to come back to their rural
households after finishing studies in urban centers. This will tackle the ongoing issue of
depopulating villages in Europe. Some of the ideas for digitalization included precision farming,
e-commerce, e-learning and e-health. The declaration called upon all Smart villages, using the
platform “Smart Villages Network™ to share their experiences in order to learn the best practices

and improve upon mistakes(Declaration, 2018).

Example of Turistvandi’, a village in Hungary gives us key insights in to context-based smart
solutions. The village is modeled on being self-sufficient with exploring touristic potential in
several areas including restoration of the ancient water mill. The practices for agriculture had been
mainly traditional, now the model has improved upon these practices by introducing improved
agricultural techniques. The model is suitable for this village and can be considered as a smart

move for the future of Turistvandi(V. Zavratnik et al., 2018).

Another great example of smart villages is the Smart Basilicata project in Italy. The region is
characterized by low population density with high unemployment and limited livelihood
opportunities. The approach was to introduce community-based projects with the help of the local

population and ensure long-term attendance in all of these projects by the local people to make it
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sustainable for the future. The improvement of social capital within projects of community
participation will help achieve smart rural areas which are ready for the future. The project focused
on the region Basilicata to make it more sustainable with five major pillars for smart growth in
rural areas which includes: natural resources, energy, mobility, culture and tourism, smart

participation(Salvia et al., 2016).

In conclusion, the developed countries are improving their rural economies by making them
smarter with the help of education, innovation, community development and research as outlined
in Europe policy document 2020 (Naldi et al., 2015).

2.6.2 Smart Villages in Developing Countries

The biggest and the most ambitious Smart village project in developing countries is being run by
IEEE, which aims to promote off-grid villages by introducing sustainable energy businesses in
remoter villages of the developing countries. Energy is the foremost need of the villages living in
far off regions with little to no access to information, services and utilities. The countries chosen
are therefore from Africa, India and Haiti. Around 50,000 people and 34 villages are being served
through the program and the funding is purely based on fundraising, especially by big donor
agencies in the developed world. The program has effectively implemented and is continuously
monitoring 34 energy-smart villages. One of the major products of the program apart from energy-
smart villages is the Sun Blazer-I1 project that is a mobile solar based energy system which enables
students from energy-smart villages to share and spread best experiences from their villages for
the common goal of improving the rural life. The program by IEEE is based on the notion that
“Energy is the catalyst for development” and therefore by providing energy to off-grid villages
through various mobile technologies, which is cheaper than extending the grid, it would benefit
the rural areas and make them smart-er in the future. Energy is certainly the forefront for the basic
utilities including sanitation, clean water and services like vocational training and e-education.
Therefore, the project focuses on bringing energy to the remotest areas of the planet in order to
provide benefits that stems far from electricity consumption only. It further hopes to increase
community-led development projects that will benefit the whole community through shared

information(Anderson et al., 2017).

CIGAR research program started in 2011, its main focus is on Climate change, Agriculture and

food security. The program has various collaborators and stakeholders whom sole focus is
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introducing climate-smart villages specifically in the developing world. The countries chosen are
the most climate vulnerable ones including African countries. Already 30 climate-smart villages
are implemented effectively around the developing world and thus the project can be deemed
successful. The program deals with variety of solutions for rural areas especially agricultural
practices that are sustainable and have lesser carbon footprint. The future agenda of the program
deals with sustainable villages that are “climate-smart” and therefore ready to deal with the climate
related challenges of the future. It deals with local solutions which are devised by inclusive
consultation of the local people. The important part of the plan is to train the local people rather
making them dependent on external teachers for solutions and practices. By training the local rural
population the program achieves greater sustainability in the long run. One of the practical outputs
by the program is the Weather prediction modules developed solely for the farmers of the village.
The weather predictions are fairly accurate giving real time information to the farmers and guiding
them when to sow and when to harvest. Overall the program has two key objectives: 1) To make
climate-smart villages through improved agricultural technologies and 2) To train local
populations through community improvement programs which will benefit the locals in the longer
run(V. Zavratnik et al., 2018).

2.6.3 Smart Village and Pakistan

There has been extremely limited research on smart villages in Pakistan. The on ground work has
also been disappointing with many villages in decay. The few articles published have focused on
Smart agriculture(Imran et al., 2018; Shahzad & Abdulai, 2020). There has been no clear
dissection of the smart village concept in regards to the local culture and norms of Pakistan*. In
this study, the aim is to reduce the research gap and become an impetus for local solutions to smart

villages in Pakistan.
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CHAPTER 3

METHODOLOGY

3.1 Conceptual Framework

Systematic review of Smart
village concept articles

(conceptualization)

. . AHP expert analysis to find
Major concepts discovered

. . the relevant dimension for
through systematic review

Pakistan

Acceptability of locals Survey with Local Villagers

Factor Analysis of the
through composite index e e e

survey

method dimension

Finding major barriers of
implementation of smart

village in Pakistan

Using the findings of barriers
and expert interviews for

Smart village Framework

Figure 1 Conceptual Framework
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3.2 Conceptualizing Smart Village: A Systematic review

This study is a systematic review of research articles related to “Smart village concept”. Research
articles from 2010 to 2019 were extracted using the international database of Science Direct.
Keywords that were used for searching the relevant articles were smart, village, and concept. In
order to select the relevant articles, reviewed titles and abstracts of selected articles. Articles were
selected on the basis of title, abstract and accessibility of paper. PRISMA Flow Chart was
developed to show the selection criteria of the articles. Total 129 articles were retrieved. Of these
129 articles, 66 were rejected on the basis of title and abstract while 2 were excluded due to
accessibility issue. Hence, 61 articles were selected for systematic review. Articles were analyzed
to perform definitional analysis for smart villages. A table was formulated merging definitions and

thematic areas. NVivo was used to determine accuracy of the analysis.

Records identified through

web of science database

(n=129) Records excluded (basis:

Title & Abstract)

(n=66)
Records screened

(n=129)

Records excluded (basis: .
Full-text articles

after reading and

ceecmae| o Records excluded (basis:

analyzing text TLAF _
YERe ) eligibility (n=61) Accessibility) (n=2)

(n=29)

Full-text articles

assessed for results

(n=32)

Figure 2 Systematic review flowchart
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3.3 Expert Survey for AHP analysis

The Analytic Hierarchy Process (AHP) is a method for selecting the criteria of experts through
pairwise comparisons. This method was developed by Thomas L. Saaty 40 years ago. AHP gives
a framework which is rational and alternative options are given to experts to choose from. This
allows the surveyor to calculate the favorability or inclinations towards one subject by the experts.
In this study, 30 expert surveys were conducted in University of Agriculture, Faisalabad. Experts
ranged from Professors to Lecturer’s and Researchers in Rural Sociology and Agriculture
Departments. In order to determine the most relevant dimensions with respect to Pakistan, AHP
was performed. The questionnaire was based on the following matrix where experts compared the
importance of criteria, two at a time, through pair-wise comparisons. Dimensions were then ranked
according to the priority given by the professionals and consistency ratio was calculated for each
survey matrix. All surveys had a CI less than 10% which showed that all questionnaires were
consistent. The example below shows how the AHP survey was performed and individually

matrices were made and then solved for results.

Strongly Moderately Equally Moderately Very  Option 8

Agriculturs
Smart
Agriculture
Smart 7
Agriculture
Smart

Agriculture

Sustainable 7
Energy

Sustainable 7
Energy
Sustainsble 7
Enargy

=~ -
£
a o o @m@m

) Development Economy
Smart Agriculture 4

“Maglusive Knowledge Based

Sustainable Energy | 114 1 = 5 R \_2 4

T 16 s 1 R 13

Inclusive 114
Development

Knowledge Based | 16 14 3 § 1
Economy

Figure 3 AHP matrix example
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3.4 Study Area

Multan is one of the larger districts in South Punjab and lies between 30.11° N to 71.28” E (Latitude
and Longitude). It covers an area of 3721 km? and has a population of 4,746,166(Statistics, 2017)
. Multan district is known for its fertile lands and extensive canal system that provides sufficient
water for the 759,766 Acres of cultivated land (Anwar et al., 2009). Due to its high temperatures
and favorable conditions, mangoes are also cultivated in large amounts along with wheat, cotton
and sugarcane. Multan district is administratively divided into four tehsils (local name for sub-
districts) namely; Multan city, Multan Saddar, Shujabad and Jalalpur-pirwala (Faridi & Bashir,
2010). In this research Shujabad tehsil was short listed in order to conduct the survey, and further
Union Council “Basti Mithu” was chosen as the study population, due to limited resources and
budget. Basti Mithu is a village with population of 21,827 (Statistics, 2017). It is located 40
kilometers from Multan City and has a reasonable road connectivity facilitating farm to market

access.

study area

0 37a 780 1,500 Kilometers
| ! ! ! | ! ! |

Figure 4 Study area map
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3.5 Questionnaire Design

Indicators and questions were selected after extensive study of literature and global government

bodies recommendations for Smart Village study. Based on the questions, two main objectives

were achieved namely; Barriers towards implementation of Smart Village in Pakistan and

Acceptability of the local population towards Smart Village practices. The survey was designed in

such a way to encourage maximum participation. Most of the questions were basic and the

language used was simple as to be adequately understood by the population. Some questions were

open-ended and some were based on a Likert scale where 1 indicates high acceptability and 5 low

acceptability by the locals.

3.6 Indicator Table

Table 2 Indicator table with empirical evidences

Questions asked

Empirical Evidence

S1

S2

S3

S4

S5

S6

S7

Socio-Economic
Age

Genderg

Marital Status

Gender of head of household

Head education level

Household size

No of females in your house

19

(Kellens et al., 2011,
Miceli et al., 2008; Qasim
etal., 2015)

(Grothmann & Reusswig,
2006; Qasim et al., 2015)

(Grothmann & Reusswig,
2006; Miceli et al., 2008;
Qasim et al., 2015)

(Grothmann & Reusswig,
2006; Qasim et al., 2015)

(Grothmann & Reusswig,
2006; Miceli et al., 2008;
Qasim et al., 2015)

(Grothmann & Reusswig,
2006; Kellens et al., 2011;
Qasim et al., 2015)

(Grothmann & Reusswig,
2006; Qasim et al., 2015)



S8

S9

S10

S11

Bl

B2

B3

B4

B5

B6

B7

B8

B9

B10

B11

B12

B13

B14

No of educated family members

Length of residency (in years)

Monthly income

Monthly savings

(Grothmann & Reusswig,
2006; Miceli et al., 2008;
Qasim et al., 2015)

(Grothmann & Reusswig,
2006; Qasim et al., 2015)

(Grothmann & Reusswig,
2006; Qasim et al., 2015)

(Grothmann & Reusswig,
2006; Qasim et al., 2015)

Barriers to implementation of a smart village

Where do you spend the most of your income on
your agricultural land?
Have you taken insurance?

Have you borrowed loan in past few years?

Source of livelihood other than agriculture?

Do you own any agricultural land?

Are you directly involved in sowing your land?
What type of farming do you use on your land?
What type of crops do you sow?

Which crop has the most significant contribution
to your income?

In which season, you perform agricultural
activities?

Do you think the education/training provided in
your area can help improve agriculture?

Have you wused any latest agricultural
techniques?

Do you know any workshop or mechanic who
can deal in repairing the latest machinery?
Electricity supply

20

(Wollenberg et al., 2011)

(Quinney et al., 2016;
Wollenberg et al., 2011)

(Ayaz et al, 2019
Wollenberg et al., 2011)

(Wollenberg et al., 2011)
(Wollenberg et al., 2011)
(Wollenberg et al., 2011)
(Wollenberg et al., 2011)
(Ayaz et al., 2019)
(Ayaz et al., 2019)
(Ayaz et al., 2019)
(Ayaz et al., 2019)
(Ayaz et al., 2019)
(Ayaz et al., 2019)

(PICCOLO & RAUNIG;
Reytar et al., 2014)



B15

B16

B17

B18

B19

B20

B21

B22

B23

B24

B25

B26

B27

Gas supply

Clean water supply

Sanitation

Television access

Broadband access

Mobile internet access

Access to Government portals

Road Accessibility

What is the level of food insecurity in your area?

Have you faced any barrier regarding funding
from public institutions?

How much do you think agriculture is being
affected by change in weather patterns?

How difficult it is for you to deliver your
products to the market?

How much do you face difficulties in irrigating
your fields?

21

(PICCOLO & RAUNIG;
Reytar et al., 2014)

(PICCOLO & RAUNIG;
Reytar et al., 2014)

(PICCOLO & RAUNIG;
Reytar et al., 2014)

(PICCOLO & RAUNIG;
Reytar et al., 2014)

(PICCOLO & RAUNIG;
Reytar et al., 2014)

(PICCOLO & RAUNIG;
Reytar et al., 2014)

(PICCOLO & RAUNIG;
Reytar et al., 2014)

(PICCOLO & RAUNIG;
Reytar et al., 2014)

(Arslan et al., 2018;
Girvetz et al., 2017;
Khatri-Chhetri et al.,
2017)

(Khatri-Chhetri et al.,
2017)

(Girvetz et al., 2017,
Khatri-Chhetri et al.,
2017; Reytar et al., 2014)

(Arslan et al., 2018;
Girvetz et al., 2017;
Khatri-Chhetri et al.,
2017; Reytar et al., 2014)

(Girvetz et al.,, 2017,
Khatri-Chhetri et al.,
2017; Reytar et al., 2014)



B28

B29

B30

B31

B32

B33

What is your level of trust in public institutions?
*
What is your level of trust in the community? *

How much do you rely on traditional
agricultural methods?

How much soil fertility has been decreased in
your area?

How much do you think it would cost to
introduce the latest machinery in agriculture?
Do you consider rural conflicts as a barrier in
improving agricultural production?

(Ayaz et al., 2019)

(Ayaz et al., 2019)
(Girvetz et al.,, 2017,
Khatri-Chhetri et al.,
2017)

(Girvetz et al.,, 2017,
Khatri-Chhetri et al.,
2017)

(Ayaz et al., 2019)

(Ayaz et al., 2019)

Acceptability of local population towards implementing smart village

Al

A2

A3

Ad

A5

A6

A7

A8

A9

Al0

All

How much information do you have about drip
irrigation? *

How much information do you have about
tunnel farming? *

How much information do you have about solar
tube wells? *

How much information do you have about drone
spraying techniques? *

How much information do you have about High-
density farming? *

At what extent your income level will increase
if you introduce new technology in agriculture?
*

How much technology will increase agricultural
production? *

How much do you encourage more female
participation in your agricultural work? *

Have you introduced any new agricultural
techniques in your area? *

Will you allow public officials to implement any
new agricultural techniques on your land? *

If public institution introduces any new
agricultural smart policies, will you accept
them? *

22

(Duffy et al., 2017)
(Duffy et al., 2017)
(Duffy et al., 2017)
(Duffy et al., 2017)
(Duffy et al., 2017)

(Quinney et al., 2016)

(Quinney et al., 2016)
(Duffy et al, 2017,
Girvetz et al., 2017,
Khatri-Chhetri et al.,
2017)

(Quinney et al., 2016)
(Quinney et al., 2016)

(Quinney et al., 2016)



Al2 How much are you willing in future to seek (Duffy et al., 2017,
information about new agricultural Girvetz et al., 2017;

technologies? * Khatri-Chhetri et al.,
2017; Quinney et al.,
2016)
Al3 What is your likelihood of getting crop (Duffy et al., 2017
insurance in future? * Girvetz et al., 2017;

Khatri-Chhetri et al.,
2017; Quinney et al.,
2016)

* Inversed in scale

3.7 Sampling and Data Collection
There are multiple methods used by various scholars to determine the sample size of their
respective surveys. Some of them include using predetermined tables with population size and

sample size, holding a complete survey for smaller populations, using similar studies sample size

and formulas developed and verified by scholars. For the purpose of this study, Yamane sampling
formula was used as it provides the desired level of precision and the sample size accordingly. The
equation that was used to determine the sample size is as follows:

N
n=
1+N(e?)

Equation 1

Where ‘n’ is the target sample size and ‘N’ denotes the total population of the survey area. ‘e’ is

the precision level.

In this study, random sampling was used in order to reduce biasness. With + 10% precision level

(e) and £ 95% Confidence level, the determined sample size was 100.

3.8 Analytical Methods for extraction of barriers

3.8.1 Using Descriptive Statistics for Profile of Respondents and Access to Basic Services
Mean and Range was calculated using SPSS for the following indicators: Household Size (S6),
Age (S1), Number of educated members in household (S8), Length of residency (S9), Monthly
income (S10), Monthly savings (S11), Head Education level (S5) and Ownership of agriculture
land (B5).
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Mean, Range and Standard deviation was measured using SPSS for the following indicators:
Access to Electricity (B14), Access to Gas supply (B15), Access to Clean water supply (B16),
Access to Sanitation (B17), Access to Television (B18), Access to Broadband (B19), Access to
Mobile data internet (B20) and Access to government portals (B21).

3.8.2 Ranking the Barriers on a scale
The survey was designed on a Likert scale where ‘1’ = High acceptance and ‘5’ = Low acceptance.

The responses were then orderly ranked according to mean value method.

3.8.3 KMO Measures and Bartlett’s Test

KMO measures is the test for sample adequacy for performing Principal Component Analysis/
Factor Analysis. The below table shows the value required for sample adequacy for performing
PCA/Factor Analysis.

Table 3 KMO values

Sr. No KMO Value Acceptability
01 09-10 Marvelous

02 0.8-0.9 Meritorious
03 0.7-0.8 Middling

04 0.6 -0.7 Mediocre

05 0.5-0.6 Miserable

06 Below 0.5 Unacceptable

The second check for proceeding to PCA/ Factor Analysis is Bartlett’s test of sphericity. Here we
have to see the significance value. If the significance value is below 0.001 then you can perform
PCA.

3.8.4 Factor analysis for barrier extraction

Factor analysis is performed when you have a large number of indicators and you want to reduce
them into conceptually same but fewer groups. This method is commonly used in various fields
including medical science and social sciences. The aim of this analysis is to find out those elements
that are impactful and thus highlight them for further analysis. In the research Principal Component
Analysis (PCA) was used as the method for extracting barriers. PCA is a commonly used method

with reliable results and accurate judgements can be made.
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3.8.5 Anderson-Rubin Test

Anderson-Rubin test is performed post PCA as a check for accuracy of the analysis. In this test the
factors that are computed using PCA are saved as variables and the check is to consider mean to
be ‘0’ and Standard deviation to be ‘1’ as a successful analysis(Anderson & Rubin, 1949).

3.9 Using Composite Index method to evaluate Acceptability of Smart Villages

in Pakistan

The composite index method is used by various researchers for its simplicity and accuracy (Abbas
& Routray, 2014; Gain et al., 2015; Giupponi et al., 2015). The equation used for calculated the

index is as follows:

Ay +Ay+Az+--Ap

Acceptability Index= Equation 2 Composite Index

Where ‘A’ are the acceptability indicators and ‘n’ denotes total number of indicators used in the

equation.

25



CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Smart Village Conceptualization

4.1.1 Systematic Review of Selected Articles

After following the methodology for systematic review, the results were compiled. Key concepts
were found and then tabulated. Table 4 is the accumulated data from the research articles, with the
content extracted directly from the sources the main thematic areas and concepts the authors had
focused on were established. This made it able for us to conceptualize the smart village concept in

a streamlined and more concentrated manner.

Table 4 Definitional Analysis

Sr. SOURCE DEFINITION THEMATIC
AREAS
1 (V. “Rural areas and communities which build ICT, Knowledge
Zavratnik  on their existing strengths and assets as well Based Economy
et al., as on developing new opportunities. In
2018) Smart Villages, traditional and new

networks and services are enhanced by
means of digital, telecommunication
technologies, innovations and the better use
of knowledge for the benefit of inhabitants
and business”

2 (Srivatsa,  Smart villages will serve as complementary ICT,
2015) engines of economic growth to smart Smart
cities, producing goods and services for Agriculture
local rural markets as well as high-value-
added agricultural and rural industry
products for both national and international
markets giving impetus to the nearby cities
to become smarter in real sense. Smart
villages will be connected to towns and
cities through information and
communication technologies (ICT) enabled
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(Holmes et
al., 2015)

(Holmes,
2017)

(van
Gevelt et
al., 2018)

(Aggarwal
et al.,
2018)

by access to global knowledge with a single
mouse click.

“Smart village,” a rural analog of the “smart
city” concept, in which access to sustainable
energy, together with modern information
and communication technologies, enables
holistic development, including cultural
changes in the provision of good education
and health care; access to clean water,
sanitation, and nutrition; and the growth of
social and industrial enterprises to boost
incomes.

Building on the catalytic impact of
sustainable energy services, in turn enabling
the connectivity made possible by modern
information and communication
technologies, residents of smart villages lead
healthy and fulfilling lives, achieve their
development potential, earn a decent living,
and are connected to the outside world.

Smart Villages Initiative is that the required
acceleration must be founded on a more
integrated approach to rural energy access in
which increased emphasis is placed on the
use of renewable energy and modern
information communication technologies
(ICT) to enable productive enterprises and
the provision of key services, and in which
more effective partnerships are established
between governments, development bodies
and the private sector.

Climate-smart agriculture (CSA) aims to
increase sustainable agricultural production
by adapting to and building resilience to
climate change. It focuses on food security
and national development goals and, where
possible, it also aims to reduce or remove
GHG emissions.
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10

11

(Fennell et
al., 2018)

(Jagustovic

et
2019)

al.,

(Ciuffoletti

, 2018)

(De-
Pablos-

Heredero

et
2018)

al.,

(Viswanad

ham
Vedula,
2010)

&

In the case of developing countries, it

is crucial that these solutions simultaneously
focus on smart village policies where rural
communities can access ICT, education,
health and energy services to empower
youth and young adults with the skills
necessary  to  improve  agricultural
production  opportunities and provide
pathways to diversify into other forms of
rural employment.

The CSV (climate Smart Village) approach
is applied with local communities and their
partners to test, through participatory
methods, technological and institutional
options for dealing with climate change
risks to agriculture. It generates evidence at
local scales of which climate-smart
agricultural options work best, where, why,
and how, and use this evidence to draw out
lessons for policy makers, agricultural
development practitioners, and investors
from local to global levels.

In short, the smart village is a small
community, with limited resources, but the
solid intent to improve its control on
environmental resources, including air,
water, energy, roads, parking lots, etc.
Smart farms are accurate farms oriented to
increase  efficiency and reduce the
environmental impacts of animal production
practices. Farms must learn to implement
technology properly to minimize cost and
maximize efficiency.

We define a Smart Village as a bundle of
services which are delivered to its residents
and businesses in an effective and efficient
manner. Dozens of services including
construction, farming, electricity, heath
care, water, retail, manufacturing and
logistics are needed in building a smart
village. Computing, communication and
information technologies play a major role
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12

13

14

15

(Katara,
2016)

(Ranade et
al., 2015)

(Rai et al.,
2018)

(Kongsage
r, 2017)

in design, delivery and monitoring of the
services.

A Smart Village comprises a group of
services, which are delivered to its
businesses and dwellers in an efficient and
effective way. Numerous services including
health care, education, sanitization, smart
agriculture, road infrastructure, disaster
management, water supply, construction,
electricity, retail manufacturing and
logistics are needed in building a smart
village.

A “Smart Village” will provide long-term
social, economic, and environmental
welfare activity for village community,
which will enable and empower enhanced
participation in local governance processes,
promote entrepreneurship and build more
resilient communities. At the same time, a
“Smart Village” will ensure proper
sanitation facility, good education, better
infrastructure, clean drinking water, health
facilities, environment protection, resource
use efficiency, waste management,
renewable energy etc.

In general, CRA practices and technologies
are low-emission approaches, which aim to
improve food security and enhance
resilience. CRA practices usually follow
several approaches, including cultivating
drought-tolerant  varieties, diversifying
crops, managing the soil and harvesting
water. This is considered a transformative
approach towards agriculture systems for
food security under the changing global
environment.

Climate-smart agriculture (CSA) has been
proposed as a broad framework of
techniques and measures to promote
synergies and circumvent trade-offs
between adaptation and mitigation in the
agricultural sector. CSA includes, for
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16

17

18

19

(Aryal

et

al., 2018)

(Ho et al.,

2014)

(Chirinda

et
2017)

al.,

(Nasiakou

et
2016)

al.,

example, practices to improve soil water-
holding capacities by adding crop residues
and manure to arable soils, which not only
affects soil properties and nutrient cycling,
but also lowers emissions.

Climate-smart agriculture (CSA) employs
several  agricultural  practices  that
sustainably increase productivity, improve
resource-use-efficiency, reduce exposure,
sensitivity or vulnerability to climate
variability or change, and reduce GHG
emissions from agriculture.

“Biomass and Solar Town” harvests the
biomass and solar energy within the vicinity
of the eco community to provide energy for
the localized energy system. The concept
can provide technical and environmental
benefits, such as a reduction of the energy
loss due to the transportation of biomass
over short distances, a reduction of the
energy loss from transmitting electricity
over the transmission line, and a reduction
of greenhouse

gas (GHG) emissions.

The CSA approach is defined as agriculture
that (a) sustainably increases agricultural
productivity and incomes; (b) improves
adaptation and builds farmer resilience to
climate change; and (c) reduces and/or
removes greenhouses gases (GHQG)
emissions where possible.

Smart grid is a fully automated power
delivery network that monitors and controls
every customer and node, ensuring a two-
way flow of electricity and information
between the power plant and the appliance,
and all points in between. Its distributed
intelligence, coupled with broadband
communications and automated control
systems, enables real-time market
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20

21

22

(Westerma

nn et
2018)

al.,

(Simelton

et
2015)

(Heap,
2015)

al.,

transactions and seamless interfaces among
people, buildings, industrial

plants, generation facilities, and the electric
network.

The concept of climate smart agriculture
(CSA) offers a suite of approaches for
transforming and reorienting agricultural
systems to support food security in the face
of climate change, by focusing on the
potential synergies and trade-offs between
agricultural productivity and food security,
adaptive capacity, and mitigation benefits

‘Climate-smart agriculture’ solutions are
intended increase “resilience” to

climatic impacts improve livelihoods and
food security, as well as addressing
adaptation and mitigation objectives (FAO
2013). One example of climate smart
practice is agroforestry, whereby the
deliberate addition of trees on farms is
expected to sequester

carbon while providing protection to
adjacent crops, such as shading, wind-break
and binding erosive soils.

Smart villages will be connected to towns
and cities through information and
communication technologies (ICT) enabled
by access to energy. Such technologies will
enhance education and health services by
providing links to the world’s knowledge
base and opportunities for distance learning,
as well as sup - porting initiatives in m-
health (mobile health, also known as
telemedicine). Connectivity will also open
up participation in governance processes at
local, regional and national levels. The key
enablers of development in smart villages
are sustainable access to electricity and
clean and efficient cooking appliances.
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24

25

26

27

28

(Kumar &
Shekhar,
2015)

(Mulenga
et al.,
2017)

(Holmes &
Thomas,
2015)

(Heap et
al., 2017)

(Tiwari et
al.)

(Lopez-
Ridaura et
al., 2018)

The concept behind the ‘smart village’ is
that modern energy access acts as a catalyst
for development — in education, health, food
security, productive enterprise, environment
and participatory democracy — that in turn
supports further improvements in energy
access.

The IEEE Smart villages initiative defines a
“Smart Village” as an off-grid community
that integrates solar energy for the creation
of locally owned entrepreneurial businesses
and generation of affordable all whether
agro-businesses.

The ‘smart village’ is a model in which,
energy access acts as a catalyst for a range
of development outcomes. If managed
correctly, technology ‘leapfrogging’ could
lead to rapid improvements in healthcare,
nutrition, education, and economic security.
Villagers could thus have the opportunity to
capture many of the benefits of urban life
while retaining valued aspects of rural life,
and ensuring balanced development at a
national level.

The concept of ‘Smart Villages’ is that
modern energy access in the form of
sustainable renewable energy can contribute
as a catalyst for development—education,
health, food security, environment,
productive enterprises, and participatory
democracy—and for the alleviation of
poverty.

A smart village is a bundle of services which
are delivered to its residents and business in
an effective and efficient manner.

CSA aims to simultaneously increase
agricultural productivity, food security, and
farmers' adaptive capacity to climate
extremes, while also lowering greenhouse
gas emissions
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29 (Khatri- Adaptation options that sustainably increase Smart
Chhetri et productivity, enhance resilience to climatic Agriculture
al.,, 2017)  stresses, and reduce greenhouse gas

emissions are known as climate-smart
agricultural (CSA)technologies, practices
and services

30 (Andrieuet CSA aims to achieve three objectives or Smart
al., 2017)  pillars: sustainably increasing agricultural Agriculture
productivity; enhancing resilience

(adaptation); and reducing or removing
greenhouse gas emissions, where possible,
enhancing the achievement of national food
security and development goals.

31 (Sainetal., Climate-smart agriculture (CSA) Smart
2017) encourages sustainable development of Agriculture
agricultural systems through practices and
approaches that achieve improved food
security, increased resilience, and low-
emissions development where possible and
appropriate in the face of climate change.

32 (Campbell  CSA is defined by three objectives: firstly, Smart
et al., increasing agricultural productivity to Agriculture
2014) support increased incomes, food security

and development; secondly, increasing
adaptive capacity at multiple levels (from
farm to nation); and thirdly, decreasing
greenhouse gas emissions and increasing
carbon sinks.

4.1.2 Frequency Analysis of the Systematic Review

On the basis of Table 4 we performed a frequency analysis, where the data was turned into
dissectible information. Results from the analysis showed 17 papers mentioned Smart Agriculture
in their articles, while 10 focused on Sustainable Energy as a key component of a smart village.
Other noteworthy concepts were Inclusive development (8), ICT (2) and Knowledge based

economy (2).
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Frequency analysis (Thematic areas)
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Smart Agriculture  Sustainable  Knowledge Based ICT Inclusive
energy Economy development

Figure 5 Thematic Areas Based on Frequency

4.1.3 Efficacy of the analysis using NVIVO

For the purpose of validation of the systematic review, NVIVO software was used. NVIVO is tool
used by researchers in determining the accuracies of their qualitative analysis.
Figure 6 Efficacy flowchart using NV is a flowchart. The sub-concepts are merged with the main
concepts in order to strengthen the thematic areas importance and relevance in Smart Village

concept.
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Figure 6 Efficacy flowchart using NVivo

Productive
enterprises (3
references)

SOURCE: NVivo

4.2 Expert Survey
30 expert surveys were conducted and analyzed individually using the matrix as shown in the

methodology. Consistency Index (CI) was calculated for each survey and the results showed CI
below 10%, therefore the results were merged using geometric mean of individual survey and the
result yielded is as below. 32.5% were of the opinion that smart agriculture is the most important
aspect while developing smart villages in Pakistan. Further 20% was the result for Sustainable
energy as the key element of Smart village in Pakistan. Notable mentions include Knowledge

Based economy (17.5%), ICT (15%) and inclusive development (12.5%).
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AHP Results

35.00%
30.00%
25.00%
20.00%
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0.00%
Smart Sustainable Knowledge Inclusive
Agriculture Energy Based Economy Development

Figure 7 Results of Expert Survey

* Note due to limitations of resources, Only Smart Agriculture was analyzed in further parts
of the research

4.3 Profile of Respondents

Using descriptive statistics, the profile of respondents was found. Majority of the households’
heads education was either primary, middle or high school. While only a few (21) heads were
bachelors or above. Household size was averaged at 6.8 and average age of respondents was 40.
Most of the respondents were long time settlers with average being 40 years of residency in the
area. Ownership of land stood at the average of 8.8 acres but with the max of 80 acres and minimum

of 0 acres were also seen.
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Table 5 Profile of respondents

N Minimum Maximum Mean

Household Size 100 2.00 14.00 6.80

Age 100 20.00 80.00 39.34

No of educated members 100 0.00 8.00 3.31

Length of residency 100 10.00 80.00 38.59
Monthly income 100 8000.00 300000.00 46880.00
Monthly savings 100 0.00 50000.00 6360.00

Ownership of agriculture 100 0.00 80.00 859

land (in acres)

Majority of the respondents were either high school and below (79%), while only 21% were either

bachelor and above.

Table 6 Education Level of Household Heads

Head Education Level Frequency
Primary School and below 23
Middle School 28
High School 28
Bachelors 16
Masters and above 5
Total 100
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Distribution by Age
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Figure 9 Education Level of Household Heads
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Figure 10 No of Years Living in the Area
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Figure 11 Amount of Land Owned by the Respondents
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4.3.1 Frequency Analysis for Barriers

Barriers that could not be used in Likert scale were individually analyzed through frequency
analysis. Three such barriers were highlighted including major consumption of income on
agriculture land (B1), borrowed loan (B3) and is the agricultural training sufficient in your area
(B11). The two biggest barriers were the major consumption of inputs in agricultural lands which

was pesticides and agricultural training which majority agreed was not sufficient in their area.

60

40

304

20

0 I I | — ]

T T T T T T
Labor cost Irrigation Fertilizers Seeds Pesticides Cthe

Figure 14 Major consumption of income in agricultural inputs
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Figure 16 Agricultural training sufficiency

42




4.3.2 Descriptive Statistics for Access to Basic Services

Table 7 Access to basic services

Basic Services N Minimum Maximum Mean S.td'.
Deviation

Access to Electricity 100 70.00 100.00 96.83 6.46

Access to Gas supply 100 0.00 80.00 22.03 13.93

Accessto Cleanwater 0.00 7500  28.77 17.49
supply

Access to Sanitation 100 0.00 30.00 2.62 6.82

Access to Television 100 60.00 100.00 96.13 7.37

Access to Broadband 100 0.00 80.00 10.80 20.53

Access to Mobile internet 4 30.00 10000  87.44 18.73

(3g and 4q)

Access to government 0.00 9000 522 15.74

portals

Access to gas supply, sanitation, clean water, broadband and government portals were below the

threshold level. While access to electricity, mobile phones and televisions were sufficiently high.

4.4 Extracting barriers for implementation of Smart village in Pakistan using
Factor Analysis

4.4.1 KMO Measures and Bartlett’s Test

KMO and Bartlett’s values are shown below for barriers. Table shows that KMO value is adequate
for sampling adequacy i.e., 0.546. The Bartlett’s test of sphericity value is 1094.819 which is

acceptable (Azeem et al., 2017; Mao et al., 2015) and significance value is 0.000 which is below
than 0.001. Hence, the correlation matrix is not an identity matrix and PCA can be proceeded.
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Table 8 KMO and Bartlett's Test for Barriers

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett's Test of Sphericity Approx. Chi-Square

Df

Sig.

.546
1094.819
300

.000

4.4.2 Factor Extraction through Principal Component Method

The purpose of this investigation is to find out underlying barriers preventing implementation of

smart villages in Pakistan. Different respondents of diverse socio-economic backgrounds were

surveyed. From the survey the determinants were found. To properly analyze the survey, Factor

analysis using Principal component method was done. The analysis has the ability to reduce large

number of indicators into fewer groups. Variables that our sufficiently correlated are conceptually

tied to each other and therefore are grouped together into one group.

Table 9 Total Variance for Barriers

Total Variance Explained

Initial Eigenvalues

Component Total

1 4.408
2 2.891
3 2.268
4 2177
5 1.603
6 1.542
7 1.339
8 1.187
g .983
10 .894
11 .839
12 778
13 .647
14 522
15 467

17.632
11.565
9.073
8.708
6.413
6.166
5.356
4.750
3.931
3.574
3.355
3.111
2.589
2.090
1.868

17.632
29.198
38.271
46.978
53.392
59.558
64.914
69.664
73.595
77.169
80.524
83.635
86.223
88.313
90.181
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Rotation Sums of Squared Loadings
% Variance Cumulative % Total

3.152
2.908
2.355
2.232
1.870
1.850
1.570
1.478

% Variance
12.609
11.631
9.419

8.928

7.481

7.402

6.280

5.914

%Cumulative
12.609
24.241
33.660
42.588
50.068
57.470
63.750
69.664



16 444 1777 91.958

17 406 1.624 93.582
18 333 1.334 94.916
19 309 1.237 96.153
20 223 .890 97.043
21 197 .789 97.832
22 .188 751 98.583
23 149 .596 99.179
24 126 .505 99.684
25 079 316 100.000

Extraction Method: Principal Component Analysis.

Through varimax rotation method 8 components were found. These eight components explain

the total variance of 69.664 % which is acceptable.

4

Eigenvalue

rrrTrrrITrrrrTrr T 1T 1T 1T T 1T 1T T T T T T T T T
12 3 4 5 6 7 8 5 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Component Number

Figure 17 Scree plot

In the above plot we can clearly see 8 components being found through the eigenvalues.
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Table 10 Rotated Component Matrix

Groups

1 2 3 4 5 6 7 8
Reliance on traditional agricultural method .764
Cost of latest agricultural machinery 711
Perceived increase in income level with new  .677
technologies
Difficulty delivering products from farmto ~ .618
market
Rural conflicts 555
Food Insecurity .865
Experience of negative change in yields of .699
crops
Likelihood of adopting crop insurance .674
Decrease in soil fertility .596
Agriculture being affected by change in .548
weather patterns
Acceptance of locals on agricultural policies .823
by public institutions
Introduction of any new agricultural 723
techniques
Allowing public officials to implement .686
smart projects on their lands
Information about solar tube wells .808
Information about High density farming .646
Information about tunnel farming .546
Increase in agricultural production using
new technologies
Information about water conservation .821
technologies
Level of trust in the community 814
Willingness to seek new information about .589
agriculture
Difficulty in irrigation of fields 532
Barrier regarding funding by public 751
institutions
Drone spraying techniques and cost 539
Encouragement of females in agricultural .756
work
Level of trust in public institutions .617

46



Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 15 iterations.

Finally, the method used for rotation was varimax with Kaiser Normalization. The rotation

converged in 15 iterations and the variables were sorted into conceptually similar groups.
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method public institutions
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Introduction Information Willingness Drone Level of trust in
Experience of of any new about High to seek new  spraying public institutions
Cost of latest . . . . . . .
. negative change in  agricultural density information techniques
machinery i . .
yields of crops techniques farming about and cost
agriculture
Difficulty in
o irrigation  of
% Perceived fields
©
© increase  in  Likelihood ~ of  Allowing
income  level  adopting crop  public Information
with new insurance officials ~ to  about tunnel
technologies implement farming
smart projects
on their lands
Difficulty
delivering Decrease in soil
products from  fertility
farm to market
Agriculture being
Rural conflicts affected by change
in weather patterns
Barrier
Index
2.9820 2.9060 3.1967 2.8200 3.2500 2.6200 3.3150 3.1750

Table 11 Barriers computed after factor analysis

The eight components were named accordingly to their contents. Furthermore, Barrier index was

found using the equation:
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By+By+Bs+.By

Barrier Index= Equation 3 Barrier Composite Index

Where ‘B’ are the barriers from separate groups and ‘n’ is total number of barriers.

After factor extraction, internal reliability of each factor was also checked to see whether all the

variables in these eight factors shows maximum reliability and that internal reliability will not

increase if a certain variable is deleted. Consequently, no variable was found showing possibility

of increase in internal reliability value if deleted.

4.4.3 Anderson-Rubin test for Effectiveness of the Factor Analysis

Anderson-Rubin (A-R) test is a way to access the effectiveness of the factor analysis. The groups

that have been made are checked for consistency, using the mean score and standard deviation of

each group we can accept the analysis as consistent and good for interpretation. In this test, mean

value should be 0 and Standard deviation as 1. Below table (Table 12 Anderson-Rubin test for

factor analysis) show the consistency for each group that has been extracted from factor analysis.

Table 12 Anderson-Rubin test for factor analysis

Anderson-Rubin Test

Groupl Group?2

Difficulty
improving Weather

productivit and overuse
y and low of land
savings

Frequency 100 100

Mean 0.00 0.00

Std. 1.00 1.00

Deviation

Group3 Group4  Group5 Group 6 Group 7 Group 8
Trust in
Public Lack of . Cost of new .
- knowledge social : Conservatis
Institutions Water . technologies and
about . cohesion and .. and
about roductivit Conservatio openness  to limited support from olitical
introducing pr . npractices P the public P
. y increasing knowledge S culture
agricultural . institutions
technologies
change
100 100 100 100 100 100
0.00 0.00 0.00 0.00 0.00 0.00
1.00 1.00 1.00 1.00 1.00 1.00

4.4.4 Explanation of Barriers

For the purpose of finding the major barriers, data was standardized using the following formula:

1.7 and below was turned to low barrier, 1.7 to 3.5 was considered as moderate barrier and 3.5 to

5 as high barrier. In this way the barriers were highlighted for their relevance and importance.
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4.4.4.1 Difficulty improving productivity and low savings

Table 13 Difficulty improving productivity and low savings

Classification  Percent Cumulative
Percent

LOW- 23.0 23.0
Barrier

Mod_erate 350 5.0
Barrier

ngh- 42.0 100.0
Barrier

Total 100.0

The main concern of farmers in the area was that because of low quality seeds, pesticides and
fertilizers the productivity of their crops was not improving. This in turn has led to farmers having
low savings to improve the technological advancements on their agriculture lands. The production
level of their crops was also decreasing due to little support from the public institutions with regard
to proper seeds, pesticides and fertilizers. Factors like ‘Reliance on traditional agricultural
methods’ and ‘Cost of latest machinery’ were major obstacles for improving productivity and
savings. Overall, this Group had an index of 2.98, making this a moderate level barrier.
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4.4.4.2 Erratic Weather and Overuse of Land

Table 14 Erratic Weather and overuse of land

Classification  Percent Cumulative
Percent
Low 14.0 14.0
Barrier
Moderate 51.0 65.0
Barrier
High 35.0 100.0
Barrier
Total 100.0

The major barrier was found to be by the locals about change in weather patterns and untimely
rain and storms. Especially before harvest of wheat a strong storm has several times destroyed a
large portion of crops. Thereby, leaving a lot of farmers in debt and unable to implement any new
techniques and technologies for the benefit of their agricultural production. Changes in weather
patterns has devastated a lot of small farmers, facing hardships that decrease the ability of the
farmer to improve upon their lands. Furthermore, overuse of land has decreased the soil fertility.
Due to excessive use of land throughout the years and usage of polluted water has caused the soil
fertility to decrease and hence the production has decreased to some extent. Increased amounts for
agricultural inputs and decreased soil fertility have caused farmers to be stunted in their old,
traditional practices. Factors including ‘Experience of negative change in yield of crops’ and
‘Decrease in soil fertility’ are major negative variables caused by the effect of Weather and
Overuse of land. The total barrier index for this group is 2.91, making it a moderate barrier towards

the role of Smart Agriculture in Sustainable Rural Development.
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4.4.4.3 Low Level of Trust in Public Institutions about Introducing Agricultural Change

Table 15 Low Level of Trust in Public Institutions about introducing agricultural change

Classification  Percent Cumulative
Percent

Low 10.0 10.0
Barrier
Moderate 42.0 52.0
Barrier
High 48.0 100.0
Barrier
Total 100.0

Throughout the survey one most observable thing was the people of the villages were not satisfied
with their municipal corporations and public institutions. Every failure in crop production was
ultimately blamed to those institutions. Young people especially had low trust in public institutions
compared to middle aged people. Therefore, any agricultural policy introduction would be faced
with skeptical villagers. ‘Acceptance of locals on agricultural policies by public institutions’ and
‘Allowing public officials to implement smart projects on their lands’ were met with criticism and
negative response by the locals. This means any new agricultural technologies introduced would
have to face this major barrier by the concerned departments. The barrier index of this group stands
at 3.20 making it a moderate to high barrier for institutions to deal with for improvement in Smart

Agriculture.
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4.4.4.4 Lack of knowledge about productivity increasing technologies

Table 16 Lack of knowledge about productivity increasing technologies

Classification  Percent Cumulative
Percent
Low 19.0 19.0
Barrier
Moderate 56.0 75.0
Barrier
High 25.0 100.0
Barrier
Total 100.0
As we saw in the profile of respondents ( Table 5 Profile of respondents), majority of the

villagers were high school and below. This means the level of education is on the lower side which
hampers the growth of any new technological advancements in their agricultural lands. The locals
had little to no idea about the latest techniques that are being used around the world to increase
agriculture production. Only a few people knew about those technological developments but were
unable to implement due to low savings or trust in those technologies. When asked about
‘Information about solar tube wells, High density Farming and tunnel farming’; few respondents
had sufficient knowledge about these latest agricultural practices. The barrier index was 2.82

making this a moderate barrier for institutions to deal with in implementation.

4.4.4.5 Low usage of Water Conservation Practices

Table 17 Low usage of Water Conservation practices

Classification  Percent Cumulative
Percent
Low 29.0 29.0
Barrier
Moderate 27.0 56.0
Barrier
High 44.0 100.0
Barrier
Total 100.0
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When asked about the access of water, majority agreed they had sufficient water availability. Some
of the educated respondents although agreed the situation of water availability will worsen with
time, therefore a need for water conservation methods is necessary. Most of the respondents did
not know about the issues related to water wastage in agriculture and were skeptic about using
technologies such as drip irrigation in their fields. This barrier is especially relevant to Pakistan as
it is a water intensive country with 1017 Cubic meters per Capita Annual water
availability(Rehman et al., 2019)) and is very close to water scarcity threshold of 1000 cubic
meters. This alone makes this barrier a very important one for the relevant authorities to assess and
decrease the water consumption by agricultural sector. The barrier index is 3.30 making it a high

barrier and urgency is required due to climate change and melting of glaciers.

4.4.4.6 Low Social Cohesion and less Acceptability to New Knowledge

Table 18 Low Social cohesion and Less Acceptability to New knowledge

Classification  Percent Cumulative
Percent

LOW- 26.0 26.0
Barrier

Mod_erate 5.0 85 0
Barrier

ngh- 15.0 100.0
Barrier

Total 100.0

Level of trust in a community is an important factor when considering a wholesome approach
towards a smart village. The fact that the community plays an important role in any major change,
the trust and social cohesion between the people are necessary for collective action. Here the trust
in the community was low causing a mitigating effect towards implementation. Together with ‘low
level of trust’ and less ‘Willingness to seek new information about agriculture’ causes the
community to remain in the old practices while neglecting any future possibilities of improvement

in agriculture. The barrier index is 2.62 making this a moderate barrier.
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4.4.4.7 High Cost of New Technologies and Limited support from the Public Institutions

Table 19 High Cost of New Technologies and Limited support from the Public Institutions

Classification Percent Cumulative
Percent
Mod-erate 550 550
Barrier
ngh- 45.0 100.0
Barrier
Total 100.0

The cost of new technologies was considered to be very high by most farmers especially small
farmers. This along with limited support by the relevant public authorities in reaching out to the
farmers were seen as a major barrier towards implementation of smart villages. Some of the
respondents had little savings thus making it hard for them to implement any new technologies in
their fields. ‘Barrier regarding funding by Public Institutions’ was very high, furthermore most of
the respondents had little idea on how to approach the relevant departments and start the process.
In other words, the bureaucratic red tape was a major hurdle for the respondents to apply for
funding for their agricultural lands. The barrier index was 3.3 making this a moderate to high

barrier.

4.4.4.8 Conservatism and Corrupt Political Culture

Table 20 Conservatism and Corrupt Political culture

Classification  percent ~ Cumulative
Percent

LOW. 13.0 13.0
Barrier

Mod_erate 450 5.0
Barrier

ngh. 42.0 100.0
Barrier

Total 100.0
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Conservatism and the political culture of our country hampers much of the efforts for improvement
in agriculture. Many respondents were extremely conservative when asked if they would allow
women in their farming. Along with this, our political culture or administrative setup is
unfavorable to farmers especially small farmers. Therefore, many do no approach these institutions
and have very low trust that they may be able to help in improving the agricultural situation for
their lands. Furthermore, the bribery system that is in our institutions make many small farmers
reluctant to ask for help in any new techniques. The barrier index was 3.20 making this a moderate

to high barrier.

4.5 Acceptability Index
Table 21 Acceptability Index

Std.
Frequency Minimum Maximum Mean o Variance
Deviation
Acceptability
100 2.08 4.15 2.94 0.40 0.16

Index

Aj+Ay+Az+--Ap

Using the composite index method (See: Acceptability Index= Equation

2 Composite Index), Acceptability Index was found. Since closer to value of 1 means Highest
acceptability and value of 5 means lowest acceptability, the results showed the Acceptability Index
at 2.94. This indicates there is a Moderate Level of Acceptability among the local populations on
implementation of Smart village in Pakistan. Furthermore, the low value of variance and standard

deviation shows that majority of the locals were of the same opinion.
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4.6 Framework for Smart Village in Pakistan

How can smart village be implemented in

Pakistan?

Choose a village with prerequisite
If requirements of requirements of electricity and
electricity and internet

internet not met

Provide necessary Do a complete survey of the chosen

Famiiees o e village to observe the facilities available

village

Do a preliminary study about Can the needs be
the village and its needs completed in the

allocated budget?

Rural Authorities to Choose the most viable option If yes, proceed to public

re-assess the option that meets the criteria of the participation

every few months local population

Continue following the
Implement the option and redesign the project project and
with the help of locals if necessary reformulating if

necessary

Figure 18 Smart Village Framework

The start of any smart village implementation requires a thorough survey of the village you are
planning to implement the project on. The framework has been devised through the research and
with help of the researchers and the local villagers alike. The main aspect if this framework is to

include what is needed and not use extra resources that might not be useful to the local villagers.
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In this case it is highly recommended to have continuous participatory process before, during and
after implementation of any smart village project because in the end the locals will benefit from
the project and it must be in accordance to their needs which may change overtime. Therefore,
recommendations are for continuously involving the locals in the process of any change. This way
the project will be successful not only in the short term but in the long term as well. In doing this
there are two main factors of village life that will improve: first the quality of life of the villages

will improve and secondly the rural to urban migrations will be mitigated.

4.7 Conclusion

Smart village was a concept that was ambiguous in some ways but clear in other ways, as it
provided the necessary policies to comprehensively improve the rural areas. In this research the
concept has been streamlined. Using systematic review, the main concepts of the smart village
were identified. Further working on implementation of smart village in Pakistan, expert survey
was carried out in form of an AHP survey. The survey yielded acceptable results and the main
concept that Pakistan needs to focus on to make their villages smart-er were identified i.e., Smart
agriculture. Furthermore, the survey carried out with the local villagers of Multan focused on the
main barriers that is causing failure of implementation of smart village in Pakistan. Among those
barriers the greatest were the low level of trust in public institutions and low level of knowledge
related to smart agriculture technologies. Furthermore, the farmers that were keen to invest had
low savings due to low productivity. Majority agreed that weather patterns were changing and the
untimely rains and storms were causing their crops to have low production, hence their profit
margin was so low that they barely had money for their next crop. The analysis proceeded through
Factor Analysis which helped in identifying the barriers. Among those barriers included ‘Difficulty
improving productivity and low savings for the farmers’, ‘High Cost of new technologies and
limited support from the public institutions’ and ‘Low usage of Water Conservation practices.
These barriers were highlighted through Factor analysis using Principal component method and
varimax rotation. Acceptability of smart villages was computed through composite index method
and the resultant value showed moderate acceptability among the locals. Finally, the framework
was made through the help of the findings and the experts. The concluding remarks for this
research stem from structural issues to administrative issues that are mitigating the implementation

of smart villages in Pakistan, but through focused policy measures and greater administrative
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efforts these barriers can be solved and smart villages in Pakistan can become a reality instead of

only a research problem.
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Appendix 1: Smart Village Survey

Smart Agriculture Survey

Respected Sir Madam,
This questionnaire 1s a part of my MS thesis research titled “Smart Village for Sustainable

2]

iRural Development in Pakistan”. I would appreciate your taking the time to complete the
following survey. It should take few minutes of your time. Your responses are voluntary and will
be confidential. All responses will be compiled together and analyzed as a group. Please note
there is only one answer required for each question. I shall be very grateful for your co-operation
and help.

Note: Kindly choose only one option.

SECTION 1: HOUSEHOLD INFORMATION
1. Age:

2. Gender

o Female o Male o Other

3. Marital Status
oMarried o Unmarried o Widowed gDivorced g Separated

4. Please specify the gender of the head of your household
o Female o Male 0 Other
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5. Head Education Level

o Primary school and below o Middle school o High school o Bachelors

o Masters and above

6. Household size:

7. No of females in your honse:

8. No of educated family members:

9. Length of residency (in years):

10. Monthly income

11. Monthly Savings

12. Where do yvou spend the most of your income on vour agricultoral land?
o Labor cost o| Irrigation o Fertilizers o Other (pleaze specify)
o Seeds o Pesticides o Harvesting

13. Have you taken insurance? If yes, mention the type

o Yes (specify) oMo

14. Have you horrowed loan in past few years?

0 Yes oMo

15. Source of your livelihood other than agricultore?

16. Do you own any Agricultural Land, if ves how much (in acres)?

o Yes o Mo
owned AREL:

17. If yes, are you directly involved in sowing your land?

o Yes o Mo
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18. What type of farming do you use on your land?

19. What types of crop do you sow?

20. Which crop has the most significant contribution to your income?

21. In which season, you perform agricultural activities?

21, Do you think the education/training provided in your area can help improve
agricolture?

o Yes oNo

13. Have you used any latest agricultural techniques? If yes, please specify.

24, Do you know any workshop or mechanic who can deal in repairing the latest
machinery?

0 Yes oMo

=

25-31.

Utility Services Yes' No (%0 age)
Electricity
(Fas supply
Clean water supply
Sanitation
Televizion
Broadband
Mobile intemet (3G.4G)
Access to Government portals
(websites, SMS, Mobile
Applications)
Foad Accessibility (Farm to
market)
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1- Extremely Unlikely
1- Unlikely

3- Moderate

4- Likely

& Extremely Likely

QUESTIONS

33, What is the level of food insecurrty in your area?

34. Have you faced any barrier regarding funding or financial aid from public
institutions? If yes, please mention the zcale.

33, How much do you think agriculturs 1z being affected by change in
weather pattems?

36. How difficult it 15 for vou to deliver your products to the market?

37. How much have you experienced negative changes over the past faw
years in vield of crops? Pleaze mention the main reasons.

32 How much do you face difficulties in irmizating your fields?

39 What is your level of trust in public institutions?

401 What is your level of trust in the commurnity?

41. How much do you rely on traditional agricultural methods?

42, How much so1l fartility has been decreased in your area?

43, How much do you think it would cost to introduce the latest machinery in
agriculture?

44. How much information do you have about drip irrigation?

43, How much information do vou have about funnel farming?
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46. How much information do vou have about selar tube wells?

47 How much information do you have about drone spraying technigues?

48. How much information de you have about High-density farming?

49. Do you consider rural conflicts as a barrier in improving the agricultural

production?

30 At what extent your income level will increase if you thiroduce new
techrnology in agriculture

31. How much technology will increase agricultural production?

32 How much do you encourage more female participation ih your
agitcultural work?

33. Have you infroduced any new agricultural techniques in vour area?

34 Will you allow public afficials to implement any new agricultural
techniques on your land?

35 If public institution introduces any new agricultural smart policies, will
vou accept them?

36. How much are you willing in future to seek information about new
agriculiural technologies?

37. What is your likelihood of getting crop insurance in future?
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Appendix 2: AHP Expert Survey
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