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We dedicate this book to the ‘farmer’ who is
most affected by changing climate yet working
tirelessly amidst it to feed the world



The knowledge of both climate change and food system can allow us to ensure the
resilient food system in the society. This book is primarily the outcome of our shared
concern and the subsequent discussions about the ill effects of climate change since
our days as PhD research scholars. At times, we felt overwhelmed by the enormity of
the challenges posed by global climate change issues. Yet, we never stopped
thinking about the environment, the sustainability and the food security issues in
teaching, research and extension activities in which we were involved in our
respective capacities.

We were aware of the information and huge data available on climate change,
food and nutrition security in different regions of the globe. However, our inquiries
revolved around the issue of making the food production, processing and consump-
tion more resilient to the challenges of changing climate. Several researchers,
through their research and accumulated experiences, must have developed their
own insights from their long work experience. We thought that collating and making
available all such experiences and insights from cross-sectional disciplines to the
young readers, research scholars and policy formulators will be a worthy idea.
Therefore, we included the topics starting from soil and water conservation, produc-
tion aspects, processing, to value chain along with the role of allied sectors, animal
husbandry, fisheries and forestry, etc.

The chapters included in this book bring into focus all the diverse views about the
ill effect of climate change and alternatives in solving the impending world food
crisis. It also shows the plethora of opportunities in the agriculture sector to adapt
and its contribution in mitigating climate change. We also included different
dimensions of climate change and resilient issues. We gratefully acknowledge all
the authors’ contributions. All the authors were quick enough to grasp the idea
behind the book and carefully stride with the right focus on the topic and closely
related issues. We welcome all the critique and suggestions while taking more of
such work in the coming days.

Anand, Gujarat, India Vinaya Kumar Hebsale Mallappa
Hyderabad, Telangana, India Mahantesh Shirur
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The changing climate impacts everyone in the globe in more than one way. There are
growing concerns of adverse impacts of climatic variability on food supplies promi-
nently from the early 1990s, due to doubling of the number of extreme weather-
related disasters. Consequently, crop shortfalls, natural disasters, famines and food
supply emergencies throughout the world have underscored the importance of the
study on the climate-food interactions encircling the complex mechanisms involved.
The book throws light on different views of climate change, the effect of changing
climate on food production and distribution system and the contribution of agricul-
ture in adapting and mitigating to climate change. In the wake of climate change, the
book also discusses several holistic strategies for resilient food and nutritional
security. All the chapters explore and present an array of technologies and practical
policies, which promise to reduce the adverse impact of changing climate on food
production. They need to be heard without further delay in achieving the food and
nutritional security to meet the targets identified under sustainable development
goals.
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Abstract

In a growing crisis, various internal and external factors threaten food and
nutritional security in the developing world. These include ample processes of
global climate change, urbanization, the rapid growth of population, unexpected
shocks, natural disasters, economic, political crisis, etc. In this context, we are
discussing various factors responsible for food and nutritional insecurity in
developing countries. To tackle the existing turmoil, we have developed a
theoretical framework for the resilient food and nutritional system and cogitate
how this possibly will be implemented through stakeholder participation to
ensure the resilience of the food system for an individual in society and nation
as a whole. Resilience is conceptualized as the capacity of an individual to
recover quickly from the shocks and intricacy of whole food systems. Also,
from a sustainable perspective, it is viewed as personal, social, psychological,
political, economic, technological, and communication factors operating at vari-
ous scales. It presents the prospect of eliminating weaknesses, deal with future
shocks, and build a resilient food system through institutional, technological,
capacity building, and policy interventions.
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1.1 Introduction

The linkages between agricultural advance, industrial growth, and sociopolitical
stability have been long recognized. While there has been undoubtedly significant
progress during this century in increasing food production, the development has
been uneven concerning regions, crops, and categories of farmers. Fluctuations in
production have also been too wide to provide the necessary margin of safety. The
need for a portion of global food and nutritional security system, which will help to
insulate the human race from the threat of hunger and famine, has been realized and
stressed in many national and international seminars, conferences, and other food
and climate change congress forums. Sharp rhetoric at such gatherings does not,
however, shorten the steps needed to build such a system. Experience teaches us that
global cooperation can alone provide the necessary motivation for enduring to build
a resilient food system (RFS). Fortunately, we now find several common
denominators emerging, which could provide the basis for global collective action.
These include the Global Environmental Organization (GEO), Intergovernmental
Panel on Climate Change (IPCC), World Trade Organization (WTO), etc.

The different nations are blessed with different natural endowments. Countries,
which were once regarded as hopeless deserts, have now thriving economies because
of their fossil fuel reserves. Similarly, countries in the tropics and subtropics, which
were formerly considered to be agriculturally backward and even classified based on
the triage principle into relative grades of hopelessness, are now known to have the
potential for becoming significant “green power” countries because they endowed
sunlight and water. Hence, our spaceship earth is so structured that different
components of it have complementary strengths.

The necessary life support systems in the world constitute a way of a common
heritage (Swaminathan 1981). The tropics and subtropics form the major reservoirs
of genetic variability in crops and farm animals. The temperate countries, in contrast,
have developed methodologies for collecting and maintaining such variability (e.g.,
gene banks). Global atmospheric effects like increased temperature and enhanced
CO, concentration may adversely affect affluent countries. The considerations of
survival, nations, whether poor or rich, will have to develop a system of organized
cooperation based on principles of symbiosis and synergy. Therefore, we should
continuously seek and identify areas, which will bring nations together irrespective
of their political ideologies into a working partnership just to save our earth from
annihilation. How can we work toward achieving sustainable development objec-
tive? Initially, each nation should begin a well-planned and sustained effort in
building a resilient food system. The solution to the food and nutritional insecurity
problem must create holistic development programs at the community level. Some
of the essential components of a resilient food system are described below:
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1.1.1 Ecological Security

Steps for accomplishing ecological security would comprise measures for guarding
the underlying assets of farming and minimizing the burden on natural resources
(Walker et al. 1969; Pimm 1984). The government alone, however, cannot promote
ecological security. It has to be a joint sector activity involving the people and
private and public agencies. Hence there is a need to create local-level community
management eco-development associations. These associations should actively
work to build societal awareness on judicious use of a scarce natural resource
(land and water) and waste management. It will be more effective if they involve
schools and colleges in organizing community-level programs (Walker et al. 2002).
Such associations should also operate collectively on waste exchanges and collect
and recycle all organic wastes. The economic benefits of eco-development and waste
recycling could provide the motivation necessary for attracting public attention and
participation in sustainable development.

1.1.2 Technological Security

Growth with stability should be the aim of agricultural development programs.
These would call for the breeding of high yield, cum-high stability varieties, and
similar measures in animal husbandry and fisheries. The research system should be
capable of promoting appropriate early warning-cum-timely action programs. Pest
survey and surveillance systems, as well as soil, water, plant, and animal healthcare
programs, will have to be developed. Here again, the total involvement of the local
farming community will be necessary (bottom-up approach). Since, in the case of
pest epidemics, political and administrative boundaries may not always provide the
basis for appropriate early warning and control systems, it will be necessary for all
the countries concerned with the problem to get together and form a regional control
grid. The FAO-sponsored program to improve national and local locust management
is an excellent example of the value of such cooperation.

1.1.3 PostHarvest Technology and Building Grain Reserves

A mismatch amid production and postharvest technologies frequently results in
losses to both the producer and the consumer. Indian farmers incur around rupees
93,000 crore per year in the postharvest losses. If they cut postharvest losses, few
core people can be fed for a year. Therefore, all operations after harvest, such as
drying, storage, processing, transport, and marketing, will have to receive integrated
attention. Depending upon possibilities, every country should maintain a reasonable
grain reserve. India, for example, derived immense benefit during the unprecedented
drought year of 1979 from the grain reserve of about 20 million tonnes built up by
the government. Presently (January 2020), 237.15 lakh tonnes of rice and 327.96
lakh tonnes of wheat are stored. As per the buffer stock norm, only 76 lakh tonnes of
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rice and 138 lakh tonnes of wheat are required. A decentralized strategy of grain
storage would also help under conditions of a free market economy to prevent panic
purchase when conditions for crop growth are unfavorable and distress sale by poor
farmers with no holding capacity when the harvests are good. In fact, a decentralized
plan for storing grain as well as water at appropriate locations all over the country
should be an essential element of the food security system of nations whose
agricultural fortunes are closely linked to rainfall distribution. Besides, the unfore-
seen situations, such as the pandemic caused by COVID-19 in 2020, can be
efficiently managed with decentralized grain reserves.

1.1.4 Social Security

Including India, many developing countries witness the paradox of grain surplus and
widespread hunger. Even when there is food in the market, the lack of purchasing
power leads to undernutrition and malnutrition. Therefore, in countries where
agricultural production keeps ahead of population growth, the food and nutrition
problem could be better stated in terms of person days of employment rather than in
metric tonnes of food grains. The right to work should hence become an integral part
of the plan for food security (e.g., Mahatma Gandhi National Rural Employment
Guarantee Act 2005). This is why the integration of employment generation as an
explicit aim in land and water use plans assumes relevance. Social security measures
should include programs like food for work for abled persons, food for nutrition for
young children, pregnant and nursing mothers, old and infirm persons, and rural
development programs designed to provide the minimum needs in the field of
drinking water, education, health, and environmental sanitation. Besides, there has
to be a detailed manpower planning and employment generation strategy in rural
areas based on a careful analysis of the possibilities for:

1. Agriculture, horticulture, sericulture, forestry, animal husbandry, and fisheries:
land- and water-based occupations.

2. Agro-processing enterprises and village industries: non-land occupations.

3. Provision of relevant services.

In developed countries, the service sector tends to provide excellent employment
opportunities. In fact, as agriculture advances, more and more persons working on a
daily wage status tend to be employed in the secondary and tertiary sectors of the
country’s economy (Swaminathan 1981). The standard of living has depended on
the capability of farming to release the workforce to other more industrial pursuits.

Social security measures are as much needed for farmers and fishermen as for
consumers. Suitable devices to insulate farmers against losses due to factors beyond
their control will have to be developed. Old-age pension and insurance measures to
prevent marginal and small farmers and agricultural labor suffering when they
become old and infirm are necessary (Vinaya Kumar et al. 2019).
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1.1.5 Nutrition Education

Even when people have the requisite purchasing power, there may still occur several
forms of nutritional diseases arising from specific causes such as vitamin A-induced
blindness, iron deficiency, anemia, goiter, etc. Such nutritional disorders attributable
to well-identified causes can be easily eliminated within a specific time frame
through concerted efforts in nutrition education and intervention. Drinking water
supply and mycotoxins in food need particular attention. Developments in preven-
tive and curative medicine and improvements in environmental sanitation and safe
drinking water supply will lead to continuous improvement in the average lifespan of
a human being. Family planning programs will hence have to become an integral
part of national food and nutritional security systems.

1.1.6 Population Stabilization

Depending upon the situation prevailing in each country concerning the population-
natural resources equation, an appropriate population policy will have to be devel-
oped and implemented. In countries like India, planning for economic development
will be a futile exercise without the widespread adoption of the small family norm.
Ecological security cannot be achieved, either, without arresting the rapid growth of
human populations (Walker et al. 2002). It would be advisable in all countries where
the food-population equation is not favorable, to have at the community-based
committee on food and nutritional security to provide the necessary political and
policy guidance to ensure the involvement of administrative, academic, and local
communities into a well-coordinated and cooperative action program.

However, the poverty trap in which a majority of developing countries find
themselves in is an example of a feedback loop. The poverty of the land is reflected
in the poverty of the mind. Opportunities for accelerated agricultural production at
home are neglected. Instead, much time is spent in seeking food aid from the rich
nations or in spending valuable foreign exchange in buying from the rich countries
commodities, which can be easily grown by helping small farmers to derive benefit
from the vast untapped production reservoir existing in most tropical and subtropical
farming systems. Developing countries are doubly hit in this process. Fast-growing
population, the small size of farms, high input prices coupled with an absence of
measures to insulate farmers from risks, absence of appropriate land and livestock
reform, poor land and water management, exploitative marketing systems, and a host
of other problems have led to a situation where many low-income countries find
themselves unable to feed their populations unaided. Since the majority of small and
marginal farmers generate a little surplus, they cannot generate capital for being
invested in enhancing the productivity of land and livestock. High interest rates and
urban-centered public policies enhance the unattractive nature of investments in land
and water-based occupations. This is unfortunate since 98% of the global food
supply is land-dependent, the oceans providing only the remaining 2% (FAO
2019). The dilemma of finding adequate financial resources for elevating and
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stabilizing agricultural productivity in the midst of an unfavorable environment for
investment in rural professions will have to be resolved in many developing
countries if agriculture is to move forward (Vinaya Kumar and Shivamurthy 2018).

The farmer works under severe handicaps. His is a very risky profession, and he
will not know what the fruits of his labor will be until the grains have been safely
harvested and stored. In many developing nations, the moneylender is also the
merchant, and the gap between what the farmer gets for his produce and what the
consumer pays is very wide. As is said most often, the farmer is the only man in our
economy who buys everything at retail, sells everything at wholesale, and pays the
freight both ways.

The finite nature of earth’s essential resources underlines the economic and
ecological interdependence of nations. The key to lasting human happiness lies in
strengthening such symbiotic bonds. Building a strong national food security system
is a fundamental prerequisite for developing symbiotic links among nations
(Swaminathan 1981; Walker and Salt 2006). The global food and nutritional security
system will then follow. To understand this, we should know the factors which
determine food availability.

1.2 Factors Are Affecting Food Availability

The nutritional disease is the relative deficiency of one or more specific nutrients.
The various factors, which determine the availability of nutrients for human con-
sumption, are of major significance. Insufficient food supplies are even now an
important cause of malnutrition in many of the developing countries, especially in
seasons and years of scarcity. Moreover, per capita, food production in most of these
countries is actually decreasing as population growth outstrips agricultural
improvement.

1.2.1 Physical Factor

The pertinent factors in the physical environment influencing food production
obviously include the nature and fertility of the soil; topography and type of climate;
the frequency of natural disasters such as floods, droughts, and storms; and access to
lakes, rivers, and the sea.

1.2.2 Biological Factor

Among limitations to food production imposed by the biological environment are
the species of plants that can be grown under the physical conditions of the region
and the types of animals the land can support. Closely related considerations are the
plant and animal diseases, the predators in the environment, and the extent to which
they can be controlled.
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The biological environment will also affect a man’s capacity to produce food.
Regions in which parasitic diseases such as malaria, filariasis, trypanosomiasis,
schistosomiasis, and hookworm are highly endemic may have fertile soil, good
rainfall, and high potential productivity but remain underdeveloped until public
health measures improve the biological environment of the man himself.

It has already been pointed out that social measures change the biological
environment so that infections and predators will less affect a man and his domestic
plants and animals. The physical environment can also be altered by individual and
community effort, as is seen in the irrigation of deserts and the terracing of hills to
obtain level, water-retaining land. Fertilizers, soil conditioners, and soil-building
crops such as legumes can improve the fertility of the soil.

Differences in technical knowledge and its application explain to a great extent,
the impressive discrepancies in agricultural production among areas of similar soil
and climate (Vinaya Kumar et al. 2017b). Similarly, where fish resources are
available, the efficiency of catching, storing, and processing fish—all aspects of the
social environment—will largely determine the availability and cost of fish and
marine products. Eventually, much food will also be produced microbiologically
and synthetically, independently of better climate or agricultural land.

1.2.3 Political Factors

Politics is a feature of the social environment, and governmental actions significantly
affect food production and availability, sometimes determining whether or not
malnutrition will occur. The governmental policy may stimulate or discourage
food production in a number of ways, including subsidies, restrictions on the use
of land, selective taxes, price controls, and even collectivization. In the United
States, price supports the encouragement of producer cooperatives, and the research
and extension activities of land-grant colleges have significantly contributed to
increased agricultural production.

It is hardly necessary to point out the extent to which civil disturbances,
revolutions, and wars and their aftermath have contributed to malnutrition and
even to famine through interference with food production. Throughout history,
civilian populations have suffered varying degrees of malnutrition in times of war.
Today political unrest and guerilla warfare are seriously damaging agriculture in
many countries. Yet, food shortages themselves lead to such unrest.

1.2.4 Economic Factor

Economic aspects of the environment are major determinants of the kinds of foods
produced and the efficiency of the process. Farmers, in general, tend to produce
whatever promises the greatest return for their efforts. In India and other developing
countries, however, farmers frequently are unaware of many desirable crops they
could grow; they are unfamiliar with the methods for cultivating these crops or lack
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access to essentials of modern agricultural production (scale neutral technologies)
such as improved seeds and breeds, fertilizers, pesticides, machinery, and the credit
to acquire them. Ignorance and poverty are, therefore, major links in the chain of
multiple causes leading to widespread food shortages in the developing countries.

Many other economic factors influencing the availability of food could be cited
even where local food supplies are insufficient; much agricultural land is used for
production largely for export of cash crops such as coffee, rubber, and cotton. For
many of these crops, synthetic substitutes are already being produced. The land
would simply not be available today to produce plant sources of the amounts of dyes,
rubber, and fibers, which we now obtain synthetically. This trend can be expected to
continue.

Crops such as cassava or manioc, which fulfill the primary need for calories
though they lack sufficient protein, have replaced food crops of higher protein value
(balanced diet) in some areas because of the ease and cheapness with which they can
be grown and because they can be left in the ground until sold or consumed. Cassava
may prevent overt hunger, but it is responsible for much protein deficiency in young
children.

1.2.5 Food Conservation Factor

Food production is, of course, a primary determinant of food availability; the quality
of food conservation may determine whether or not the quantities produced suffice
for human needs. In most developing countries, the application of modern principles
of food storage, processing, and packaging could make as significant an immediate
contribution to food supplies as comparable efforts to increase primary food produc-
tion (ISUCAED 1967).

Even in the United States, where pesticides are used extensively, standing crop
losses from insects alone are estimated to represent nearly 5 billion dollars annually.
FAO (2019) reported that each year globally, around 20—40% per annum of crop
production is lost to pests. Annually, it cost approximately $220 billion in a global
economy. It is not surprising, then, that in developing countries where there is little
or no insect or rodent control, either in the field or during storage, more than half of
the food produced is lost before it reaches the consumer.

In India, the recurrent food shortages, even in years of normal rainfall, could be
converted to exportable food surpluses through the control of preventable storage
waste. In some of the godowns or storage warehouses, a third of the grain is
consumed by rats while it is being held for high-priced sale during the dry season.
Overall preventable waste of locally produced grain in India and countries with
similar storage practices is probably in the range of 10-15%.

The seasonal scarcity and marked seasonal fluctuations in the cost of food in
developing regions are additional factors in the occurrence of nutritional disease.
These are related, in turn, to climatic cycles, lack of control of insects and rodents,
poor conservation and storage, and profiteering by intermediaries.
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When no satisfactory means of preservation are available for perishable foods in
developing countries, these foods, when they are in season, may be so cheap as to
return little profit to the producer. They are then unobtainable for the rest of the year.
Several tropical fruits and vegetables are in this category. Furthermore, if farmers
cannot store their grain crops properly, they must sell their harvest promptly to
mediators and may even need to purchase part of it back later at a higher cost. If
storage losses are high and administrative restraints are few, cereal grains, which are
the main food staple, maybe several times higher in price in the season of scarcity
than at the time of harvest.

Efficient storage procedures are a significant contributory factor to the grain
surpluses of the United States. Methods of handling and storing food, thus, share a
place with food production in assuring adequate food supplies.

1.2.6 Food Distribution Factor

Distribution may be equally important as production and conservation in determin-
ing the availability and cost of food to population groups. In developing countries,
the phenomenon of surpluses in one region and scarcity in another is very common.
For example, fresh fish may be available near the seacoast and fruit abundant in
tropical lowlands, but because of poor preservation and distribution, these foods may
be scarce and costly in the highlands of the same country.

Food distribution is hindered by such geographical characteristics as mountain
ranges, deserts, and jungles and is facilitated by accessibility to harbors, inland
waterways, railroads, highways, roads, and even trails. Indeed, one cause of malnu-
trition is the inefficient distribution systems in developing countries; improving them
can prevent much malnutrition.

1.3  Means to Increase the Availability of Nutrients

A cultural characteristic of man is his ability to apply science and technology to free
himself from the limitations that nature imposes on animals and primitive man. The
production of synthetic nutrients is a dramatic example. Nutrients need no longer be
obtained only from food in its natural state.

It is now possible virtually to eliminate certain highly prevalent nutritional
diseases from entire population groups by adding synthetic nutrients in which they
are deficient to staple foods. For example, the addition of thiamine to rice could
prevent beriberi, which is still prevalent in some Far Eastern countries. Niacin added
to cornmeal is useful in avoiding pellagra in Yugoslavia, and its addition to wheat
flour was a factor in the disappearance of pellagra from the Southern United States.
The addition of iodine to salt has been repeatedly demonstrated to be effective in
preventing endemic goiter.

Enrichment of wheat and wheat flour with the limiting essential amino acid
lysine, or of corn flour with both lysine and tryptophan, can nearly double the
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otherwise reduced utilization of their proteins. Methionine is already added to
soybean-based animal rations in ordinary commercial practice and can benefit
legume-based foods for human consumption as well.

Not only the amino acids but also all of the essential vitamins and minerals are
now available in chemically pure form, and even synthetic sources of energy are
feasible. A pure organic compound, 1,3-butanediol, which is produced on a large
scale for the plastics industry from a petroleum fraction, has been demonstrated to be
an excellent substitute for carbohydrate or fat in the rations of experimental animals.
Another compound, 2,4-dimethyl heptanoic acid, has been used successfully in
preliminary experiments, and many more such compounds can be devised. It is
only a matter of time until palatable and interesting synthetic foods containing all
essential nutrients are formulated. Eventually, they will undoubtedly play a role in
meeting the nutritional requirements of man.

Attention should also be given to the entire range of unconventional sources of
food for human consumption. In addition to the utilization of oilseed protein and
marine resources, there should be consideration of the feasibility of single-cell
protein from yeasts and bacteria grown on energy substrates from petroleum or
natural gas without the need for agricultural land. Long before synthetic foods are
economically feasible, single-cell protein should be competitive with fish protein
concentrate and dried milk solids.

1.4  Factors Are Affecting the Consumption of Food

By now, it should be clear that neither the production nor availability of food per se
or the precise nutrient requirements of the individual can in themselves explain the
occurrence of nutritional disease. The environmental influences on the actual con-
sumption of available food are often the most significant. Physical and biological
characteristics of the environment are only of minor importance in this regard
compared with social factors. Even where food is available, or could be made so,
irrational dietary habits arising from ignorance and food prejudices are often a cause
of malnutrition. The classic example is the development of malnutrition in young
children as a result of poor dietary practices during and after weaning. Many cases of
kwashiorkor are due, not to a primary lack of essential protein-rich foods in the
household but to prejudice against giving these foods to infants and toddlers. In
some cultures, certain foods are considered too strong for the young child. For
example, in Peru, foods are classified as hot, cold, heavy, and light. Hot and heavy
foods, usually those rich in protein, are not considered appropriate for young
children and sick persons. In one form or another, the classification of foods into
groups, which do not combine well or are believed to have special properties is
prevalent. In India, for instance, the two main classes of food are hot and cold, and
some are considered unsuitable for the feeding of young children.

Personal Factors Personal beliefs and taboos surround many foods of animal
origin. Eggs are believed by various cultures to produce worms, to be too “strong”
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or too “hot” for young children, to cause sterility, or even to embody spirits.
Religious taboos, such as Muslim strictures against eating pork, and the Hindu
belief in the sacredness of the cow, may complicate efforts to improve dietary habits.
The belief that cow’s milk causes diarrhea in young infants and, therefore, should be
avoided presumably stems from the almost universal contamination and adulteration
of milk in primitive societies. It is hard to establish confidence in milk in many
developing countries since it is still sometimes a source of infectious diarrhea.

A tragic and common cause of malnutrition in young children is the practice of
feeding them highly diluted milk. When an impoverished mother is told by medical
or public health advisors to give her malnourished child milk, she either cannot
afford adequate quantities or believes that adding a small amount of milk powder or
evaporated milk to a glass of water is wholly sufficient. The child, of course, goes
rapidly downbhill.

The protein needs of infants and young children can be adequately met from a
variety of conventional and unconventional vegetable and animal protein sources.
The biggest obstacle of low cost, protein-rich mixtures, incorporating oilseed meals,
fish protein concentrates, or food yeast is not the development and production of
such combinations but the difficulty of persuading parents to buy them and feed
them to their children.

Food like corn and beans have great traditional value in some cultures but do not
provide sufficient proteins even in their most favorable combinations for the growth
and development of young children. Due to the low protein concentration and
quality of such diets, the young child cannot eat the large quantity of these foods
necessary to provide the amount of protein required.

Nowadays, new foods of poorer nutritive value than those presently consumed
acquire prestige although they contribute little or nothing to the nourishment of the
individual. In some instances, they even lead to malnutrition. Substituting highly
milled wheat flour for whole-grain cereal and machine-milled polished rice for hand-
pounded rice has been responsible for much malnutrition. More recently, the pur-
chase of carbonated beverages instead of foods that would improve the diet has
sometimes had tragic consequences.

Alcoholism is important in the development of acute malnutrition in some
individuals. Not only does it waste money better spent on food, but it substitutes
the “empty” calories of alcohol for food calories. By “empty” calories are meant
those sources of body energy which are devoid, or nearly so, of essential protein,
essential fatty acids, minerals, and vitamins.

Economic Factors It is very important. The relatively high cost of food, particu-
larly of the so-called protective foods such as milk, meat, and eggs, is a major factor
in the appearance of malnutrition in any population. Too often, people do not have
sufficient income to purchase foods of good quality in quantities necessary to
nourish them properly. Measures that will either raise income high enough to
cover the cost of quality foods or lower the prices of such foods to the purchasing
power of larger sectors of the population are often required to prevent malnutrition.
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Political Factors It affects not only the production and distribution of food but also
its ultimate consumption. In developing countries, subsidies and price controls can
make it easier for people to buy food. Systems of food rationing influence the
consumption of foods by the individual, and enrichment programs can ensure that
certain essential nutrients are consumed without changes in food habits. Obviously,
national policies relating to the distribution of food surpluses and the controls arising
out of the war, civil disturbances, and natural disasters have a direct impact on
individual food consumption.

1.5 Means to Combating Malnutrition

Since the occurrence of malnutrition in any human population depends upon multi-
ple causes, it follows that there are multiple approaches to its prevention. In each
situation, the first essential is to identify the factors involved and look for the
approaches which are most feasible to ameliorate a given nutritional inadequacy.

The problem is not only to determine the nutrient deficiencies in a population but
also to identify the other factors involved. The incidence of kwashiorkor, for
example, may be reduced by making available dried skim milk or a protein-rich
vegetable mixture, by preventing the infections responsible for precipitating the
syndrome, and by educating parents to share family food with the preschool child.
Agricultural, economic, educational, political, medical, and public health measures
each help to prevent malnutrition since all of these factors are likely to be involved in
its causation. It is not necessary, however, to alter all of these factors. Changing even
one may be sufficient to prevent malnutrition in some situations.

1.6  Challenges and Way Forward Are the Issues for Resilient
Food System

The primary question posed for those of us who speculate on world food production
potential is how critical is the crisis? We look ahead today from a different base point
from that of only 2-3 years ago when we were preoccupied with crop surpluses and
less alert to prospects of inadequate worldwide reserves of food grains.

Judgments today reflect serious concern not only about long-term food needs but
also the near term of massive starvation in some African and Asian countries unless
there is a vast setup in the use of essential agricultural inputs, including conservation
agriculture, protected cultivation, and integrated approaches for sustainable devel-
opment. Therefore, it should be concerned not only with enhanced efforts to meet
today’s requirement but also with those requirements ahead.
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1.6.1 Challenges for Resilient Food System

Some of the facts we have already discussed. Here we will discuss the institutional
environment, which is lacking in most of the developing countries. More than
570 million small farmers throughout the world have been living in a socio-
economic environment of severe poverty for centuries. The lack of a institutional
framework becoming an obstacle to rural progress, to agricultural production and,
the emancipation of the peasant. We can’t overcome rural poverty unless we deal
with it through an understanding of the specific institutional pattern responsible for
formulating effective plans and policies.

Rural poverty has many aspects (access to basic facilities and infrastructure), each
of which impedes progress. The institutional obstacles appear in widely different
combination and with different degree of severity in various countries and even in
various regions in the same country. Hence, the strategy for overcoming these
obstacles must be adopted to local conditions. There is no universal panacea for
accelerating agriculture progress.

In many rural areas, farmers work in an institutional environment that places two
rather formidable obstacles in the way toward progress: (1) a very weak bargaining
position in the market and (2) a lack of opportunities for securing economies of scale
on their small individual farms. These obstacles call for some kind of organized
group action of cooperation.

1.6.2 Cooperatives in the Developing World

In India, many cooperatives, which have failed, were set up with great hopes. Why
did they fail? Stories abound of incompetent managers, corruption, and clerks
disappearing with the till; of farmers continuing to patronize their old merchants;
and of governments coddling farmers with subsidies and accepting inferior quality
products or getting management snarled up with red tape. Many of these stories
are true.

But, farmers have much to learn in group action dealing with modern marketing
and production problems, and they can learn only by doing—by making mistakes and
learning from them. What alternatives are there to overcome the institutional
obstacles cooperatives are intended to meet? Persuading merchants to pay farmers
the highest price they can afford rather than the lowest price they have to pay? No
farmer would believe in the efficacy of such persuasion. The only other realistic
alternative might be direct government purchase and marketing of farm products
(ISUCAED 1967; Gunderson et al. 1997).

In fact, this alternative is quite tempting for many a government since it provides
a ready source of revenue and many government jobs. But is it an alternative more
conducive to rural development and more in the interest of farmers than cooperatives
struggling along with inefficiency and other imperfections? Maybe, but these imper-
fect cooperatives do offer farmers opportunities for developing in themselves the
behavioral qualities of self-discipline and social responsibility required for group
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action in modern society. Membership participation in a marketing cooperative
involves a farmer is a much more concrete and practical terms than participation in
educational or social or political organizations. It will take time to learn, but learn he
will, if often the hard way.

Indeed, well-managed cooperatives can bring small farmers practically all the
benefits of economies of scale which large-scale plantations and collective farms
enjoy and still retain the decentralization of initiative and managerial responsibility
among many farmers which is so vital for agricultural progress in view of the nature
of the production process and its spatial dispersion. This has been demonstrated
impressively by the milk cooperative, Anand Milk Union Limited (Amul), India.

1.6.3 Farmers’ Cooperatives to Improve Bargaining Power

The basic purpose of marketing cooperatives is to strengthen the bargaining power
of the farmer in the market (ISUCAED 1967). Without a cooperative, he often has no
other choice than selling to the local dealer in the village, who may also be his
landlord and his money lender. He must usually sell all his disposable market surplus
at harvest time when prices are lowest, and a good part of it is used to repay
accumulated debts. Under these conditions, mainly if he is illiterate and cannot
check the merchants’ accounting, he cannot help but accept any price offered to him.
Yet, if he is to adopt modern techniques and produce more, he needs prices
sufficiently attractive to give him incentives to do so and money for buying the
modern inputs.

A cooperative gives him an alternative market outlet and sometimes also storage
space for part of his crops for future sale at higher prices for which he can receive
credit at low-interest rates. Since the manager of the cooperative is responsible for
the farmer members, the farmer feels he can trust the cooperative that his sale
transactions are carried out in his interest. This, at least, is the way a cooperative
ought to function. And if it does, it effectively strengthens the farmers’ bargaining
power in the market and stimulates progress.

1.6.4 Farmers’ Cooperatives to Improve Farm Income

Cooperatives not only strengthen the farmers’ bargaining power in the market; they
also bring him benefits of economies of scale. By handling the combined output of
many small farmers, crops can be graded for quality, and higher prices can be paid
for the right-quality products. The pooling of produce as well as purchase orders
from many farmers permits the use of large-scale storage and often also processing
and packing facilities, which bring higher prices to farmers for things they sell and
permit lower-priced bulk purchases of many things farmers buy. These improve
cost-price relationships and again provide a potent stimulus for the modernization of
farming. Cooperatives can also bring economies of scale to small farmers in produc-
tion, in the use of specific critical modern inputs, such as agricultural machinery and
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specialized equipment and technical advice combined with production credit—~which
is a most potent combination of inputs for introducing innovations into farming
techniques.

1.6.5 A Way Forward

In most agricultural areas in the developing countries where small farmers prevail,
where population pressure is heavy, and where local trade is in control of a small
elite of landlords, plantation owners, merchants, and lawyers, the setting up of
marketing cooperatives are necessary despite all the difficulties. This requires strong
government support with a trained workforce and finances for organizing and
managing cooperatives and educating farmers in membership participation and
responsibilities for at least a period of 5 years. It might well be that neither
cooperatives nor a government purchase organization could be made to function
properly until the area had undergone a thorough land reform in which the
intimidating power of landlords and creditors over farmers had been broken.
These obstacles are taken care of in the recent land reforms in India.

Where these obstacles are not as severe, other alternatives for strengthening the
farmers’ bargaining power might be found, such as price supports enforceable on
private trade, publicly controlled storage and grading facilities, current price infor-
mation readily accessible to farmers, and various tax and credit measures to encour-
age merchants to improve the efficiency of their facilities and operations.

Very often, these measures are not in conflict with cooperatives, and the interests
of farmers and agricultural progress might be best served by fostering farmers’
cooperatives side by side with improvements in the functioning of private trade
(ISUCAED 1967). There are usually some farm products and many consumer goods
that are more efficiently handled by private trade than by cooperatives. Experience in
many countries shows that cooperatives and private trade in competition with each
other not only strengthen the farmers’ bargaining power but improve the efficiency
of both types of marketing enterprises.

Here again, no general principle concerning the role of private trade in rural areas
can be established because so much depends on the local power structure, on the
bargaining position of the small farmers and farm laborers, and on the degree and
kind of control exercised by merchants and their attitudes toward modernization of
the marketing system. In many developing countries, marketing cooperatives are
handling an increasing share of the farmers’ staple food and major export crops,
often including processing and packaging. In contrast, farmers continue to sell their
livestock and fruit and vegetable products to private merchants and dealers. Simi-
larly, modern inputs such as fertilizers, pesticides, and machinery will continue to be
distributed mainly through private trade as long as merchants succeed in meeting the
quickly rising demand efficiently and at prices which the great majority of small
farmers can afford to pay. To this end, governments can help local merchants by
such measures as extension education in marketing, information services on prices,
new sources of supplies, new transport and storage facilities, and new types of
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products—especially modern inputs in farming at the specific time at which farmers
need them-but also new consumer goods which might be of special interest to
farmers. Perhaps the most important single factor which will determine the role of
local merchants in fostering agricultural progress is their ability to win the confi-
dence of the small farmers and to make them feel that merchants respect them as
citizens and want to serve them as customers, rather than dominate their fate and
exploit their weak position. This change in attitudes of local merchants may be fast in
some areas and slow in others; to win the farmers’ confidence, it must manifest itself
in the merchant’s behavior toward small farmers, which might well include
supporting the farmers’ interest in schools, land reforms, and even cooperatives.

Two aspects are very important for agricultural progress which cannot be served
by improving the functioning of the private trade but for which cooperatives are
specifically best suited: (1) bring economies of scale to small farmers and (2) offering
farmers concrete opportunities for developing the self-discipline, social responsibil-
ity, and cooperative attitude which are requisite to participation in any group
organization and public affairs.

1.7  Building a Resilient Food System at the Community Level

A dynamic agricultural system capable of responding to the needs of today as well as
tomorrow can be built only under conditions where the development strategy is in
harmony with sociocultural and socio-economic conditions, as well as the agro-
ecological features prevailing in different parts of developing countries
(Swaminathan 1981; Walker et al. 2002). A great agricultural asset of most of the
developing countries in the tropics and subtropics is the existence of a sizeable
untapped production reservoir even at current levels of technology. In India, the
arable land is the second largest in the world. It accounts for about 159.7 million
hectares. The second largest producer of cereals (rice and wheat) globally, but in
terms of productivity, it is quite low than the global average. How can this potential
be tapped in a manner that does not do damage to the long-term production potential
of land and water? For the achievement of sustained agricultural advance, there is a
need to pay concurrent and integrated attention to the following three major areas of
action:

1. Development of an economically viable and ecologically sound technological
package that can help to bring about continuous improvement in the productivity
of the terrestrial and aquatic farming system.

2. Development and introduction of a package of services which can help all farmers
and fishermen to drive economic advantage from new technology irrespective of
the size of their holdings, their innate input mobilizing potential, and risk-taking
capacity.

3. Introduction of a package of public-private policies which can help to stimulate
and sustain both production and consumption.
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Agriculture starts moving forward only when appropriate packages of technol-
ogy, services, and public-private policies are introduced in a symbiotic manner. The
major ingredients which will have to go into the making of these packages:

Dynamic agricultural research, education, and extension system is a must for
promoting a vibrant RFS. Too often, developing countries have launched ambitious
agricultural production programs without appropriate research and training infra-
structure. Invariably in such projects, success tends to be short-lived. Cynical
comments usually follow such disappointing exercises in agrarian development.
Agriculture is basically a location-specific phenomenon. Therefore, even if suitable
concepts and materials can become available through international research efforts,
it will not be possible to provide the kind of advice and assistance the farmers need
without the support of a strong national agricultural research system. Experience in
yield improvement in countries like Japan characterized by a small size of average
landholdings indicates that productivity improvement is a slow process requiring the
building up of the necessary infrastructure both at the production and postharvest
phases (Swaminathan 1981).

In India, dramatic progress has been witnessed during the Green Revolution in the
improvement of wheat and rice production in parts of the country like Punjab. When
high-yielding and management-responsive varieties of wheat carrying the Norin
dwarfing genes became available in the mid-1960s, wheat production in Punjab
rose dramatically. In India, as a whole, wheat production went up from about
12 million tonnes in 1964-1965 to about 104 million tonnes in the year
2018-2019. However, the production advance has been dramatic only in areas
where certain preconditions for technology to take root existed. For example, in
Punjab, these major prerequisites, viz., owner cultivation, land consolidation, and
rural communication, already existed when high-yielding varieties of wheat and rice
became available. In other words, the substrate requirements for the adoption and
diffusion of technology must be fulfilled if sustained progress is to take place.

For research to be able to find meaningful solutions to farmers’ problems, it is
evident that the scientific program should be organized both on an agro-ecological
region and problem-solving basis (Walker and Salt 2006). Research institutions
should have both short-term and long-term goals. Whenever there is a need for an
immediate step up in production, the research organization should be able to adapt
and adopt suitable existing technology in operation designed to purchase time.
However, simultaneously it should be done, which will help to maximize production
and minimize risks. The technology development should also bear in mind that a
poor farmer bases his decisions not on yield per hectare but on stable income per
hectare. So profit-maximizing technology characterized by the stability of income
and low risk appeals to him more than just production-maximizing technology. This
would then call for close integration of socio-economic research with technology
development. At the same time, policymakers should understand that there will
hardly be any differences between ivory tower research and applied research of
great value if arrangements are not made for the transfer of technology. For example,
the farmer will not be interested in a radio or television program on a high-yielding
variety of a crop plant if seeds of that variety are not available to him. In other words,
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agricultural extension has to be so designed that the transfer of knowledge and the
transfer of the inputs essential to apply that knowledge in the field are synchronized
in time. This calls for a highly orchestrated effort on the part of scientists, extension
workers, and agricultural administrators in charge of input supply. Also, to farmers,
seeing is believing. Hence, demonstrations in farmers’ fields of new technology,
both on a factor basis (i.e., fertilizer application, pest control, salinity reclamation,
etc.) and the basis of a system (i.e., crop-livestock, agriculture-aquaculture, agrofor-
estry, etc.), are potent instruments of extension. Care must, however, be taken to
organize the demonstrations in poor farmers’ fields since the success of
demonstrations in rich farmers’ fields will tend to be attributed to affluence rather
than to technology (Swaminathan 1981).

Agricultural science is now in a fascinating state of development. Several old
practices based primarily on empirical observations and intuitive understanding of
problems are now giving way to more science-based production systems. For
example, in the field of plant breeding, individual plant performance used to be
the method of choice in selection programs in the past. Today population perfor-
mance is the major index of selection. Many other criteria, such as the following,
have been introduced:

. High productivity per unit of time, water, energy, and air space.

. High photosynthetic ability.

. Low photorespiration (where relevant).

. Photoperiod- and thermo-insensitivity (where relevant).

. High response to nutrients and other inputs of cultural energy.

. Multiple resistance to pests.

. Better nutritive and storage quality.

. Crop canopies that can retain and fix maximum CO,.

. Suitability for incorporation in multiple and intercropping systems.
. Suitability for improved postharvest technology.
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As the pressure of population on land increases, it will be necessary to design
farming systems capable of optimizing the returns not only from soil and water but
also from air space. In other words, three-dimensional crop canopies involving a
vertical dimension will have to be designed. More research will have to be done on
root systems in relation to soil profile characteristics. Cooperative combinations of
intercropping and mixed farming will have to be developed. The principles to be
adopted in three-dimensional crop planning are the same as already introduced in
composite fish culture involving the optimum use of a cubic volume of water. Some
of these possibilities are not open in temperate countries covered with snow during
several months of the year. Hence such research is unlikely to be done in those
countries. It is for the scientists in the tropics and subtropics to look at the potential
offered by their own environment and help to derive full benefit from it. National
research systems should investigate the factors which cause instability in production.
These factors can be broadly grouped into three categories:
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1. Weather aberrations.
2. Pest epidemics.
3. Public-private policies.

It is possible now to mitigate to some extent the undulations in production caused
by weather conditions. For undertaking relevant research programs in this field, a
strong agro-meteorological research base will be necessary. The most likely weather
patterns in an area will have to be worked out on the basis of an analysis of the
available information from the past. In chronically drought-prone areas, the only
enduring solution is the introduction of irrigation wherever possible. Even where
irrigation is not available, some yield improvement can be brought about through
appropriate land use and water harvesting and conservation techniques. So far, there
has been very little work on the development of risk-minimizing technology. Such
technology will involve:

1. Development of alternative cropping strategies (location-specific strategies) to
suit different weather probabilities.

2. Standardization of crop life-saving techniques.

3. Development of compensatory production programs in off seasons and in areas
with assured irrigation.

It will be necessary to build appropriate seed and fertilizer reserves to put these
techniques into practice.

For example, if the available moisture is not sufficient to take a cereal crop, it may
be possible to take an early maturing grain legume crop. However, cereal-legume
intercropping is promising. This will, however, call for the building of a suitable
seed reserve of the alternative crop. The investment made in such reserves will be
more than compensated both by the increased production achieved under adverse
conditions and by the morale-uplifting impact of such technology on farmers and
population alike.

Agricultural scientists should pay specific attention to maximizing the return from
the most limiting production factor in each agro-ecological area. Where land and not
water is limiting, the strategy should aim at improving productivity per unit of land.
Conversely, where water and not the land is limiting, the aim should be to maximize
production from a liter of water. Similarly, the research system should look into
every aspect of the production-consumption chain so that products that are produced
at considerable effort are not damaged, either quantitatively or qualitatively, before
they reach the consumer. An action-reaction analysis will also be necessary at every
phase of technology development. Irrigation without an adequate understanding of
soil profile characteristics can lead to problems of salinization. Water reservoirs can
also become the breeding grounds of vectors of important human and animal
diseases. If a nation has a capable and responsive research system, then all these
problems can be faced and solved successfully. Soil and plant health problems of
different farming systems need local research and solutions.
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In light of climate change and scarce land and water resources, it is essential to
build resilient food and nutritional system to bring food security to the regional and
national with global integration.

Resilience was initially termed in the ecological perspective (Holling 1973) and
has recently been anticipated as a way of exploring the complex dynamic systems,
including socio-economic ones (Levin et al. 1998). The resilience approach has
lately been adopted into food and nutritional security literature. The main aim of the
RFS is to measure individual capability to sustain the adverse effects of future
shocks, as a relevant factor of vulnerability study. The first three United Nations
Sustainable Development Goals (UN-SDGs') are no poverty, zero hunger, and good
health and well-being (UN 2015). This is a clear indication of the renewed effort to
achieve food and nutrition security and develop sustainable agricultural practices at
all levels of the organization. In other words, the achievement of these SDGs
requires strategies that are not only multipronged and sustainable (Tinarwo et al.
2018) but also resilient. Food system resilience is a significant factor that has become
a priority in recent decades in light of the food and financial crises of 2007-2008 and
2011 (Pinstrup-Andersen 2014). This trend requires development initiatives to move
from providing support for relief efforts to building the means for a RFS that can
withstand shocks and stresses. Therefore, achieving food system resilience is imper-
ative in the process of attaining food and nutrition security.

Food and nutritional system approaches are progressively seen as a way to
improve its outcomes and resilience, to deal with challenging priorities, and to
address the multifaceted association that exists within (internal) and between (exter-
nal) components of food and nutritional systems. We have developed a conceptual
framework that explains building resilience through food systems. The definition of
food and nutritional insecurity has a direct impact on the approach used to measure
it, and the theoretical model developed in this paper considers resilience to be an
internal and external factor defined according to four building blocks: significant
factors, interceding factors, action as strategies, access, and community empower-
ment for individual or family to respond and adapt to future shocks.

Most of the research in food and nutritional security in the wake of climate change
has stressed on refining analysis approaches to understanding and forecast of adverse
effects and their scale. In specific, the present food and nutritional insecurity
predicting a capacity concentrate on establishing capabilities to withstand future
crises and shocks, based either on selected ecological, political, technological,
production, and consumer indicators that are considered causes of shocks or on
individual vulnerability patterns that reflect a behavioral pattern. These methods
provide alerts on promising food and nutritional insecurity risks rising from value
changes in selected socio-economic factors (Buchanan and Davies 1995). The most
frequently used definition of vulnerability is that of the IPCC (2001), which states

"https://www.un.org/sustainabledevelopment/sustainable-development-goals/ (for a brief informa-
tion about UN SDGs refer Annexure I)
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Table 1.1 Food system resilience queries

Question regarding resilience Answer

Of what? Food system activities to deliver outcomes
To what? Food system stresses and shocks

For whom? Food system actors

Over what time period? Short-/long-term interruptions

Source: Authors compilation based on Ingram (2018)

that “vulnerability is the degree to which a system is vulnerable to and incompetent
to cope with uncertainty shocks.”

In order to holistically achieve food and nutritional security, food systems must
accurately provide the means for food availability, food access, and food utilization
(Ingram 2018). These outcomes are reliant on various factors, comprising resilience.
Food system resilience indicates the ability of “people, communities, countries, and
global institutions [to] prevent, anticipate, prepare for, cope with, and recover from
shocks and not only bounce back to where they were before the shocks occurred but
become even better off” (IFPRI 2014).

There are a variety of ways to approach resilience through a food systems
perspective. Table 1.1 illustrates the four critical queries of food system resilience
based on Ingrams’ (2018) definition of the concept.

The first question regarding food system resilience refers to the various activities
that contribute to sufficient food utilization, access, and availability. Such activities
include storing, producing, processing and packaging, retailing and wholesaling,
consuming, and disposing and reusing (Ingram 2018). Resilience enhancement
occurs at several levels and tends to target these activities.

The second question addresses the central importance of building resilience
within food systems: stresses and shocks. Stresses are pressures or tensions exerted
on a system and include demography, social and cultural norms, and climate.
Meanwhile, shocks are sudden, surprising events affecting a system, and include
trade, food scares, and extreme weather (Ingram 2018). This key distinction between
stresses and shocks is an important consideration because depending on its categori-
zation as stress or a shock, every event requires a different resilience approach.
Together, stresses and shocks illustrate the importance of incorporating resilience
practices into the various activities within a food system.

The third question discusses the importance of identifying the several
stakeholders involved in food systems. These actors include the input industry,
farmers and fisherman, traders, processors, and consumers (Ingram 2018). It also
addresses other parties, such as nonprofit organizations, political actors, and other
sectors. Collaboration and communication among these stakeholders are vital in
fostering rigidity in the network of actors in the food system. Consequently, such
efforts will contribute to building resilience.

Lastly, the fourth question takes into account the time frame during which
resilience plays a key role in influencing food system processes. Short-term
interruptions, which tend to be shocking, include fishing and agricultural activities,
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critical ingredient shortfall, and changing consumer shopping patterns due to food
scares. Long-term interruptions, which tend to be stresses, include natural resource
degradation, energy price changes, and changes in dietary preferences (Ingram
2018).

Resilience research directed to date in economically advanced countries has
primarily focused on handling crisis, unexpected changes, uncertainty, and
disruptions, such as issues caused by the climate change and nutritional crisis
(Benton et al. 2012; Wood et al. 2014; Hodbod and Eakin 2015; Vinaya Kumar
and Shivamurthy 2018). It headed in the development of sustainable approaches in a
food system to support lacking capabilities, such as socio-economic-ecological
dimensions that allow actors to recognize, understand, and face future shocks.
This helps to build sustainable food and nutritional security among individual in
society (Pingali et al. 2005; Wood et al. 2014; Babu and Blom 2014a). However, in
India, the predominant challenge concerns the supply and distribution system, and
postharvest loss account for about more than 40% while enabling inclusive socio-
economic welfare of the society (Ericksen 2008b). Hands-on preparation of resil-
ience food systems that draws on the cooperative effort of stakeholders (public-
private partnership) recognizing that empathizing the functioning of socio-
economic-ecosystem factors is not sufficient for explaining the operation of the
resilient food and nutritional system as a whole (Babu and Blom 2014b; Tendall
2015). An integrated view incorporates the analysis and design of supporting
institutions and policies as well. But, to our knowledge, there is a shortage of
field-based studies that comprise food system actors and critical interventions in
the understanding and identification of their contribution in making a RFS on a
global and regional level. The conceptual framework gathered the views of actors
and factors (direct and indirect linkage) on food system resilience from all levels.
Resilience deals a holistic way of viewing the evolution of cultural, social, political,
and economic systems; it offers a means of assessing and employing the
sustainability of such regimes toward a systems capacity to respond to stresses and
shocks inventively and constructively.

1.8 A Conceptual Framework for Resilience of Food
and Nutritional System

According to FAO (2014) report on the 805 million smallholders, approximately
791 million live in developing countries. Nearly 2 billion live on less than $2 per day
and spend 50-80% of their income on food, which makes them vulnerable to food
price volatility (World Bank 2014). A population predicted to be 9.6 billion people
by 2050 will require double today’s food demand (UN 2014). Approximately 32%
of global food production is wasted, which, when converted into calories, equates to
a comprehensive food loss and waste amounting to about 25% of all food produced
(Lipinski et al. 2013). About 80% of food consumed in the developing countries is
produced by the nearly 500 million marginal and small farmers (FAO 2014).
Women contribute around 60-70% of the labor force for food production but gain
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little or no financial and land ownership accountability. Agriculture accounts for
nearly 40% and 48% of employment globally and in India, respectively. The one
who depends directly on agriculture has to respond to long-term climate change and
the direct impact of natural disasters, including droughts and floods.

Conventional agricultural practices, reduced production, decreased productivity,
and increased postharvest losses, coupled with a lack of infrastructural development
in a rural area, poor food supply chain system, inequitable land tenure systems, and
income disparities among members of the society, have contributed to around 805 m
people still being food insecure. The increasing incidents of natural disasters,
economic shocks, pressure on natural resources (land and water), and explosive
food prices are causing additional stress on food and nutritional security among
individuals in a society. Hence there is a need to develop a desirable approach
assisting rural development programs to respond to the diverse needs of rural
resource—poor in sustainably achieving food and nutritional security (Ericksen
2008a).

Agriculture has been able to adjust to recent changes in climate and vulnerability
(Vinaya Kumar et al. 2017c¢), though improved innovations are needed to ensure the
rate of adaptation of sustainable agricultural and the associated factor system can
keep pace with changing climate over the years. The adverse effects of climate
change on the food system will be influenced by the agrarian’s adaptive responses to
local climate and weather stressors. Adaptation can ensue from the individual
(farmer) scale to a global level. Various determinants influence the adaptive
responses at the societal and individual level (McCarthy et al. 2001; Vinaya
Kumar et al. 2017¢).

The importance of employing social-economic-ecological resilience concept in
food and nutritional systems is twofold: first, to define direct and indirect factors that
help to achieve a state in which food and nutritional security for individual and at the
regional and national level is promising and, second, to deliver insights into how to
sustain the food system in this necessary regime. However, the resilience of food and
nutritional security is distinctive from the broader conceptualizations of resilience in
social-economic-ecological systems because of the inherently normative nature of
food systems: humans need food to survive, and, thus, system sustainability is
typically a prime policy objective for food-nutritional system management. How-
ever, society also desires food systems that can strengthen sustainably, i.e., avail-
ability, access, utilization, and stability, and also concerning sustainable
management while responding flexibly to shocks and crises. Current failure in
meeting food and nutritional security objectives can be understood as the lack of
constructive interventions to consider the full and differential dimensions of food
system functions such as socio-economic, cultural, ecological, political, psychologi-
cal, market, and technological factors at suitable scales (Table 1.2). In this paper, we
are focusing on functional and sustainable diversity as two critical attributes of
resilient food and nutritional systems. Achieving resilient food and the nutritional
system will necessitate policy, technology, and institutional and capacity-building
interventions for enhanced response diversity, building dynamic multiple avenues to
fulfill resilient food-nutritional system objectives.
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Table 1.2 Resilience factors are beneficial to assess food and nutritional systems resilience. These
factors are drawn from an extensive review of the literature and other line disciplines. Therefore, the
need to validate both qualitatively and quantitatively with interdisciplinary collaborative work (case
study and behavioral analysis to improve the capacity of an individual)

The resilience of the food system

Factors Internal
1. Social/cultural * Education level
* Religion

* Caste system

* Changes in lifestyle and trend
* Conflict

* Leadership

2. Economical * Infrastructure

* Input cost

* Leadership value

* Innovation opportunities

* Waste reduction

* Saving

* Asset

 Land and livestock
3. Environmental * Soil fertility

¢ Erosion

* Forest resources

* Drainage facilities

* Salinization

4. Food production * Cropping system
* Cropping intensity
¢ Crop productivity
* Crop competition
* Limited access to improved
varieties

5. Processing and * Market planning
marketing ¢ Grading
* Intermediaries
* Branding
* Market segmentation
* Value chain

6. Consumer * Income
* Occupation
« Lifestyle
* Personality
* Attitude
* Motivation
* Perception

7. Political/legal * Stability of government
* Government expenditure levels
* Government leadership
* Corruption level
* Services
« Infrastructure

External

* Population demographics

* Distribution of wealth

» Laws affecting social values
* Religious issues

* Ethical issues

* Social rules

* Monetary policies

* Inflation

* Unemployment

» Consumer preferences

* Development of new market

* Precipitation

» Temperature

¢ Increased CO,

* Relative humidity
* Wind velocity

* Flood

* Drought

¢ Uncertainty

* Pest and disease outbreak
* Input availability

* Change in the growing
season

* Pricing policies

* Government control
* Distribution channel
* Market competition
* Trade policies

¢ Consumer demand
* Transport

* Culture

* Family

* Reference group
* Food safety

* Social class

* Tax policies

* Bureaucracy issues

* Law and regulation

* Employment and operational
law
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Multiple interacting factors influence the food system of a given household. A
food system hence comprises all the phases from food production to consumption,
through intermediating factors. The conceptual definition is general and broad since
it entails multifold dimensions and scales. Figure 1.1 illustrates this theoretical
model for food system resilience. The multidimensionality of the food system
always contains at least three components: the resource base that safeguards the
food supply, the intermediating base that secures the strategies, and the socio-
economic-ecological part that depends on this resource base that provides the food
demand (Fig. 1.1). Nevertheless, the dynamics of food systems, different factors
have to analyze through internal and external approaches that redirect the resilience
of the food system at an individual and societal level.

Direct and interceding factors influence the process of transitioning from an
exposed food system to a RFS. The food system factors refer to variables that
directly consider the food system and include changes to the consumer, processing,
markets, food production, environment, technological advancements, social and
cultural beliefs, and political and legal components. Interceding factors are those
that have a role in affecting the direct food system factors. In other words,
interceding factors are the underlying concerns that differentiate various countries’
food systems. Such factors include attitude, perception, topography, policies, reli-
gious issues, and law and regulation. Eventually, these two types of factors come
together in shaping actions that aim to achieve food and nutrition security through
resilience building of food systems. These actions include, but are not limited to,
health strategies, livelihood strategies, economic strategies, community participa-
tion, and integrated management. These actions take place within the three
subsystems of a food system—policy, institutional, and production (Babu and Blom
2014Db). As a result, such actions bring about intermediate outcomes that signal a
nearing achievement toward a RFS.

The efforts are made to develop a workable conceptual framework to assess the
factors responsible for the RFS recognize its strengths and weaknesses. Also, to
identify a critical interventions to establish a dynamic resilient food system at a
community level. System resilience is anticipated to be improved by system’s direct
and indirect factors such as social, economic, financial, environmental, production,
processing, technological, market, consumer, and political consideration. The
interventions such as policy, institutional, technical, and capacity building will
assess governance capacity, public-private-partnership, exposure to the crisis, self-
capacity, individual learning capacity, as well as the existence of a suitable institu-
tional framework with equitable rights and technological advantages (Fig. 1.2).

Various factors have been proposed to assess these resilience qualities in multiple
systems and frameworks: livelihoods, income, household food security, natural
resource management, etc. On the other hand, to what degree are these factors
valid and adaptable for the resilience food system? To date, there is a lack of
understanding of how such factors affect food system resilience, whether the associ-
ation between the factors and resilience is necessarily linear and always positive,
what levels of these factors are desirable? How many different factors interact (direct
and indirect relationship) to strengthen or reduce the resilience? Building resilience
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Capacity Building and Policy Interventions
Feedback

Interventions

Resilience
of food
system

Technological Institutional
Interventions Interventions

Fig. 1.2 Interventions to a build resilient food system (source: authors compilation)

in food systems necessities the identification, understanding, validation and assess-
ment of food system resilience attributes and factors (direct and indirect). To
strengthen our conceptual knowledge of resilience food systems, much more empir-
ical data, both qualitative and quantitative, are needed (FSIN 2014). Collecting these
first-hand data, though, is no simple academic task but must be conducted within an
interdisciplinary framework with key actor involvement (collective approach), to
ensure that the food system is conclusively attributed: essential institutions,
structures, linkage, mechanisms, drivers, outcomes, and key actors are to be consid-
ered. These factors can be compared with measures of food system performance in
the study area over the timeframe, before and after disaster or shocks, to determine
whether the food system is behaving resiliently and where resilience can be
improved in the food system. The cycle for assessing field-based case studies
using factors, attributes, and indicators and enhancing the resilience of those case
studies provides a concrete example of the RFS action conceptualized in Fig. 1.1. In
the durable, these studies must enable a more functional formulation of what
contributes to the RFS.
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1.9 Interventions as a Lever for the Resilience of the Food
System

The method of increasing individual or societal capacity to understand and predict
shocks, by “improving the resilience” of food and nutritional systems. With the
conceptual model, it is evident that the resilience of food systems means both
internal and external factors that the food systems can adapt and transform them-
selves in such a way that no matter what the future shocks, they can still sustain with
access, avoid ecological changes, etc. But how do we impart this?

However, there is a pathway that we can follow. First of all, we need to map and
understand food systems, and then we have to design possible interventions. We
need to verify that interventions curtail negative feedbacks, and, lastly, we need
policies that help food systems to improve themselves. One way to guide the whole
process is by using factors of resilience, such as the degree of self-organization and
regulation within the systems, the spatial and temporal heterogeneity among the
interconnected systems, the dynamic, complexity, redundancy, and diversification of
food chains within a food system, etc. We need a lot of investigation and elucidation
of how food systems work and can be adapted for a sustainable future. This can be
achieved through the following intervention (Fig. 1.2).

1.9.1 Policy Interventions

Policy interventions enhance food system resilience through policies that build
resilience capacity through community empowerment, social safety nets, and ade-
quate warning analytical tools (Babu and Blom 2014a; Tinarwo et al. 2018). Such
interventions must be open, empirical-based, transparent, participatory, and demo-
cratic (Babu and Blom 2014b). To ensure resilient food and nutritional system at the
local and regional level requires policymakers to go beyond the question of accessi-
bility of food at the national and global scale, which is whether there is adequate food
at the local level to feed all individual. Some cogitations are required, including the
following: physical access, economic access, social access, quality and safety access,
and physiological access at the societal and individual level. The most important
determinants of food and nutrition security are enough food supply produced by or
accessible to households; access to income and markets to get food, also on land and
inputs for food production; and therefore the adequacy of sanitation, health, and
feeding practices, and the support of social claims to food. National policies must be
adopted that withstand these critical priorities in political processes so that they’re
not moved aside in times of crisis or maybe of steady growth.

Policymakers need to identify determinants to improve the resilience of the food
system. For a sustainable change, it may be vital to address both sides of the food
supply as well as individual or society access to food. During policy interventions, it
is essential to take into account the various determinants of the resilience of food
interact (food production, processing, transport, retail outlets, and consumers). It
needs to identify points of intervention for improving the community food supply.
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The policy interventions to improve individual access to food depend on their
resources and capacity to acquire and use food. Access to food varies on individual,
family, and societal factors, many of which are associated with social and economic
determinants of health, employment, income, education, residence, and social
inclusion.

To increase individual access to food, it is often necessary to address the financial
and capacity that are required to access and prepare food to enhance income,
financial assistance, transport, and storage, preparation, etc.. The sustainable (suffi-
cient, reliable, safe, nutritious, acceptable food to everyone in the society) policy
interventions needed to improve access to food would also adopt a community
development approach, to ensure that the target population will be able to mobilize
itself in the future shocks and to continue to obtain or generate the resources required
for themselves.

1.9.2 Institutional Intervention

Institutional interventions refer to structural changes within the relationships
between various stakeholders. For example, such an intervention may include the
establishment and management of multi-stakeholder partnerships. In India, agricul-
tural policies are unsuccessful because they do not form the permitting environments
in which marginal and small producers and their groups operate. Policymakers need
to improve their understanding of the determinants that can enable or inhibit
marginal and small producer cooperative performance. To plan capable food resil-
ience policies, decision-makers need to be aware of the crucial function of rural
businesses in accomplishing the resilience of the food and nutritional system. To
improve the accessibility, quality, variety, and price of food, policymakers and
stakeholders need to engage with the institutional linkage of the food system.
Institutional interventions aiming to improve aspects of the food supply that support
the food resilience of individuals, households, and communities usually depend on
collaboration and partnership between sectors of government, private and nongov-
ernment (public-private partnership).

The institutional obstacles appear in widely different combinations and with
different degrees of severity in various countries and even in various regions in the
same country. Hence the strategy for overcoming these obstacles must be adapted to
local conditions. There is no universal panacea for accelerating the resilience of the
food system. In recent years the progressive forces pressing for rural education,
cooperatives, and land reforms have grown more reliably and faster in central
government circles and in cities than in rural villages. The examination of the
institutional obstacles goes a long way to explain why it is that so many governments
have passed well-intentioned progressive legislation but were not able to implement
it effectively on the local farm and village level. The prospects for a faster rate of
introducing technical innovations are becoming better every year and that the
experiment stations, extension services, farmers’ cooperatives, farmers’
associations, and land reforms must play a decisive role in accelerating this process.
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For this challenging task, on-farm action projects through trails and demonstrations
on cultivators’ fields, reenforced by pilot schemes for increasing the number of
cooperating farmers and for making modern inputs and credit facilities available,
offer the best hope for success in modernizing farming techniques. Also, there is a
need to enhance smallholder bargaining power, build their skill and competencies,
allow them to access information and technologies, and besides to engage in
policymaking and partnerships on an equal footing with government and the private
sector. In this way, they can significantly improve their livelihoods and food and
nutritional security directly through increased food production and income stability
and indirectly through empowerment and political action. Such interventions are
essential, and the presences of three different relations—namely, bonding, bridging,
and linking—are vital for an efficient and sustainable institutional building process
to the resilience of food systems at the local and national levels. And this success is
necessary for winning the race between food and population.

1.9.3 Technological Intervention

Technological interventions contribute to food system resilience through initiatives
that enhance research and innovation mechanisms (Babu and Blom 2014a). Appli-
cation of technology is one of the vital means of increasing productivity, primarily in
subsistence farming, where factors of production and resources are highly scarce and
vulnerable to a complex set of factors. The technology adoption decision is strongly
influenced by the availability of education, credit, services, income, farm size, etc.
Within this frame condition, producer choice depends on their needs; benefit accru-
ing and cost incurred on it would be the principal motivating factors for the
acceptance or rejection of a particular technology (Karki 2004).

Technological interventions seek to minimize the possible impact of a crisis event
that may occur (Vinaya Kumar and Shivamurthy 2018). Strategies that develop
different sources of income for a family can allow it to respond better to future
shocks, through technological interventions like drought resistant, pest, and disease-
resistant varieties, multi-cropping, mixed farming, integrated farming approach,
natural resource management, precision farming, storage, value chain, etc. Strategies
for after the shocks need to be managed by relief, emergency response, and safety net
approaches to increase households’ access to food. Not only does this assistance
have a direct impact on family well-being, but it also helps to preserve its assets, and
thus it is potential for long-term food resilience.

1.9.4 Capacity-Building Intervention

Lastly, capacity-building interventions are crucial for resilience building within food
systems. Capacity-building programs for existing institutions can assess the human
resources of a food system and provide capacity-development approaches for build-
ing resilience (Babu and Blom 2014a). Examples of these programs include training
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workshops, partnerships, technical assistance, and improved monitoring and evalu-
ation (Babu and Blom 2014b). Capacity building is a key concept in ensuring the
sustainability of resilience within a food system. Capacity building is an area, which
still needs to progress on many fronts, despite the various governmental and private
sector efforts in the past. Attempts to rectify the absurdities in this regard have not
made very satisfactory results. Our reaction is based more on conjecture than
awareness, knowledge, and research. There is more than sufficient material available
with policymakers in crisis management. However, the translation of disaster man-
agement theory into action has always been uneven and superficial. Identifying the
need to modernize efforts on capacity building (knowledge, skill, attitude, and
aspiration) in shock management to build and strengthen the capacity of individuals
or households of shocks empathizing, prediction, preparedness, mitigation, adapta-
tion, and recovery at the grassroots level (McCarthy et al. 2001; Vinaya Kumar et al.
2017a).

Capacity building is essential to crisis management. The resilience in shock
mitigation and recovery cannot be successful without building adequate capabilities
at the individual level. In a broad perspective, resilience focuses mainly on a
capacity-building (understanding capacity, know and avoid shocks, adaptive capac-
ity; alternative options in the face of crisis and transformative capacity; alternative
livelihood options through empowering themselves) approach that enhances the
competency and problem-solving capabilities of a community so that they would
be able to apply their attained knowledge and skills to solve food crisis and improve
their living standard. Sustainable interventions to improve access to food would also
adopt a capacity-building approach to safeguard that the household can mobilize
itself in the future and to continue to obtain the resources required.

1.10 Conclusion and Policy Implication

Looking ahead, the scenario in global agriculture is not a pleasant one. The popula-
tion of the world and in India is predicted to be 9.7 billion and 1.67 billion,
respectively, by 2050. Population stabilization is the number one national task.
Sunlight and green plants provide the primary tools both for feeding the population
and for deriving benefit from the vast human resource. Since the unpleasant nature of
the agricultural scenario is mainly man-made, the process is reversible, provided we
do not remain silent onlookers of this dismal landscape. We have the technology and
the capability to shape a new landscape where development proceeds without the
destruction of ecological assets and where hunger becomes a problem of the past.
Human achievement in science and development is not a museum of finished
constructions. We can add and alter if there is the requisite blend of brain and will.

Our policies are not appropriately equipped to deal with three sets of variables:
(1) organizational aspects regarding how to get resources where they are most
needed and how to improve the production process and food accessibility; (2) moti-
vational, incentive, and socio-economic aspects regarding how to make people be
willing and able to modernize and expand diversified production; and (3) welfare
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aspects regarding how to guide income distribution into a desirable pattern in which
poverty is minimized and increasing the individual purchasing power. It is inappro-
priate to leave the organizational aspects solely to the assumption of the competitive
market and the motivational aspects solely to the assumption of the profit motive and
to neglect welfare aspects almost entirely, as detailed facts about them must be
gathered and analyzed. They must be incorporated into our studies as key variables
or normative parameters rather than ceteris paribus conditions or vague axiomatic
assumptions.

The differences in frequency and severity of nutritional disease with time, place,
and individual can be appropriately understood only through analysis of the epide-
miological factors involved. Given the complexity of the factors so regularly
responsible for nutritional insecurity and malnutrition in developing countries, an
ecological approach to the prevention and control of malnutrition is one which has
the best chance of success. It requires determining not only nutrient deficiencies but
also the physical, social, economic, and biological aspects of the environment which
influence nutrient requirements; affects the production, conservation, and distribu-
tion of food; and modifies the actual consumption of food by individuals and
populations. This is one of the holistic approaches that will guide the development
of programs through which the causative factors most susceptible to change in a
given society can be altered.

Finally, it should be strongly emphasized that the relative availability of food for
human consumption depends on population size and growth. Whether this is con-
sidered a biological or social influence on food availability, a significant determinant
of the future per capita availability of food will be the rate of population increase.
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Abstract

Vicissitudes are an inevitable part of the developmental process. Agriculture, for
eras, which has been known for its contribution to the livelihood of the human
population over the world, is not an exception to this fact. The anthropogenic
development happened in all other sectors of the global economy like population
growth, industrialization, urbanization, changed preference in consumption pat-
tern, climate changes, etc. created and accelerated many folded hurdles in the
agriculture. These hurdles are conflicting production and consumption system,
post-harvest losses, food wastage, food crisis, triple burden of malnutrition, etc.
which need immediate action to maintain its sustainability. This chapter
highlights the need and scope of futuristic approaches, including climate-smart
agriculture, nutritional farming, nontraditional and urban farming, diversified
agriculture, robotics in agriculture, ICT-led agriculture, post-production, post-
harvest management, logistics and value chain development, surplus manage-
ment, waste to wealth in agriculture, etc. The chapter also includes the policy
options and its imperatives for farmer income-led agriculture, nutritional-
sensitive agriculture and farming to reach the unfed population, etc. to conquer
the emerging challenges in agriculture.
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2.1 Agriculture as a Development Process

The ethnicity of domestication of plants and herbs among humankind is the origin of
most important science and art, which is known as agriculture. Farming practices
and agriculture have a pivotal changeover in human history, which occurred several
times independently around the world. From the time of the ancient era till date,
agriculture is believed to have been developed at manifold epochs in multiple areas
with different phases. Agriculture has created all the social and economic develop-
ment existing in the world through its magical power to feed and satisfy human
needs. Even the trade and the market economy through which the world has its
existence and developed nations have its dominance over other countries now are the
mere product of the agriculture (Rostow 1960). The majestic role of the agriculture
sector in creating and buffering employment and livelihood options is well figured
(more than 65% of the working adults) by different developmental organizations.
Hence, the development happens in the agriculture sector has been termed as one of
the most powerful gears (assumed with two- to fourfold more effective than any
other options) to battle against the dangerous levels of poverty experienced in
different developing and underdeveloped nations and to create a prosperous food
bowl to cater with an anticipated populace of 9.7 billion persons by 2050 (World
Bank 2019a).

2.2  Challenges in Agriculture: An Overview

In the present development period, this has been called as Anthropocene Age
(Slaughter 2012) due to the increased human influence in all the spears during the
last 100 years, which created many hurdles in agriculture and the production system.
What is notable is that the modus operandi through which mankind was trying to
beat the challenges of production enhancement created an unmindful dangerous
situation to the existed balanced production system and environment before, along
with the irreversible cost to the contemporary and upcoming generation (Solbrig and
Solbrig 1994). The first adverse example of this was the reduction of the enormous
biological diversity of nature at genetic and species level due to the selected and
preferred cultivation along with recurrent chapters of introgression (Turcotte et al.
2017; Walters et al. 2018; Oliver et al. 2019). Numerous other conflicts and
challenges are there in present-day agriculture.
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2.2.1 Population-Induced Growing Global Food Demand

According to the Malthusian theory (1798), the dynamicity of the population growth
is exponential, but food production increases in a slow arithmetic ratio. As quantified
by UN (2019a), the total global population is 7.7 billion as of 2019 (Fig. 2.1) and is
projected to be 9.7 billion in 2050 and 10.9 billion in 2100, respectively.

As indicated in Fig. 2.2, the population growth is happening at a decreasing rate
(peak point was attained in 1968 at a growth rate of 2.1%/annum) and could be
reached at a steady state by the end of 2100. Still, by that time, the population
pressure may be too huge to withstand the food production and carrying capacity of
the planet (FAO 2017b).

Along with the population growth, increased population density is also negatively
affecting the buffering and production capacities of the agricultural land (Gavin
2015). In a mise-en-scenes with modest economic and developmental growth rate,
the increased population pressure is likely to push up global food demand by 70%
between 2005 and 2050 as per the present projections (UN 2019c¢).

In accordance with the ongoing and perceived global dietary transition (Fig. 2.3),
annual production of cereal (including rice, wheat, maize and minor millets) and
meat will be vital to upsurge to about 3 BT and 470 MT from 2.1 billion and
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Fig. 2.3 Trends in global food consumption (kcal/person/day) (data source: FAOSTAT 2019)

200 million tonnes, respectively, as a greater part of the population will prefer to
consume a fewer quantity of cereals and larger amounts of high-value and calorie-
rich food products like meat, fish and processed food (FAO 2009; Kearney 2010;
Roos et al. 2017). Though a consensus view on production capabilities of the current
production system exists, contemplating the future food needs, the fundamental
interrogation is whether today’s food and agricultural production system are profi-
cient in feeding the ever-increasing population. Considering the hitches associated
with population growth-driven food demand, an intensification of productivity of the
existing food production system at the extensive margin is essential (McNicoll 1984;
Bongaarts 2011). It will further add burdens on already-constrained natural
resources (land, water, environment, etc.) and drive to more land and water degra-
dation, deforestation and climatic aberrations.

2.2.2 Urbanization-Led Drift in Food Demand and Increased
Production System Struggle

Urbanization is a contemporary phenomenon happening mainly in developing
nations. While observing the population dynamics, a major fraction of the world’s
population (more than half) is already residing in urban and near urban areas
(Satterthwaite et al. 2010; Seto et al. 2012). Change in the urban-rural population
composition is well evident with the data that, during 1900, there were 6.7 rural
denizens to each urban denizen, and the present moment the rural-urban population
ratio is decreasing at an increasing rate (Fig. 2.4). According to the projection, by the
end of 2025, it will be in the ratio of 3:2 (Satterthwaite et al. 2010).

Urbanization has many direct and indirect effects on the agricultural production
system like the population federalization-induced conversion of farmland to urban
uses and more production pressure on the agricultural system (Berry 1978; Faulkner
2004; Deng et al. 2006; McDonald 2008; Fita et al. 2013; Pandey and Seto 2015;
Smit 2016; Abu et al. 2019) for the diversified products due to alteration in dietary
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needs and demands of the urban people (John et al. 2019). Urban and rural food
demand varies on many levels. Urban food consumption is higher (up to 70%) as
compared with the rural areas (FAO 2017b) with more proportion of protein-rich
animal-based (sourced) foods and value-added processed foods (Vorley and Lancon
2016). Urbanization has changed the consumption basket of the urban areas from
conventional to high-priced (Beaulac et al. 2009; Jessica et al. 2019; Larson et al.
2009) and convenience-based (Kiran and Savneet 2018; Abu et al. 2019). The
increased anthropogenic intervention to realize the changing food demand is further
adding to the environmental pollutions and population-induced climatic changes
(Xiaowei et al. 2015; Yan et al. 2016; Patra et al. 2018).

2.2.3 Climate Change and Reduced Crop Yields

A devastating scientific unanimity is observed that the Earth’s environment and
related conditional factors (climate) are changing with a dangerous impetus as an
upshot of unintended anthropogenic activity on the planet other than the natural pace
of its change. This may lead to some adverse effects like an escalation in the
observed concentration of greenhouse gases (GHGs), i.e. CHy, CO, and N,O,
warming (Table 2.1) athwart over the globe along with further gushing ill effects
in the form of escalation in seawater level due to melting of ice, a shift in rainfall
pattern, increased occurrence of weather-induced calamities, etc. (Jayaraman 2011;
Shakeel et al. 2009). More than 25% of greenhouse gas emissions recorded is
estimated as a spillover of the irresponsible practices coupled with land-use change
in agriculture and forestry. Thus, climate change is identified and now treated as the
most apocalyptic global ecological and environmental challenge with repercussions
for natural bio-networks, agriculture and health, which humanity is facing (Parikh
and Parikh 2002; Senapati et al. 2013). In most of the underdeveloped and develop-
ing countries, agriculture is the main livelihood option for more than half of the
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population, and the changes in climate involve multifaceted interactions which are
altering livelihoods of people with adverse impacts due to low penetration of climate
risk management practices, poor coping mechanisms, high dependency on
monsoons and smallholding nature among them. An increase in temperature
would increase crop respiration rate, reduce crop duration, alter the pattern of pest
attack and nature of weed intensification, accelerate mineralization process in soil
and diminish fertilization use efficiency. All these could noticeably affect crop yield
for the long run (Reddy and Pachepsky 2000; Pathak et al. 2003; Popova and
Kercheva 2005).

Other than this, intense weather conditions at the stage of sowing and harvesting
are the main menace for agriculture. In agriculture, the economic impact of climate
change is myriad. It has a direct impact on the price of the commodity and its supply,
demand induced and the trade cycle, the profitability of the farm and comparative
advantages/disadvantages of the farm produce in terms of time and space. Indirectly
it points to the challenging happenstances of food security and the nutritional
stability of the population (Islam and Wong 2017). The scale and territorial scatter-
ing of such climate-persuaded weather vagaries may affect the existing production
systems’ ability to broaden the food production range, which is required to nourish
the mushrooming population projected for the middle of the next century (Shakeel
et al. 2009). According to the World Bank (2017a), 80 million people per day are
nearly affected by drought-induced food shortage. Smallholder and sustenance
sharecroppers, herder and fisherfolk in many of the developing countries may not
have the resilience to deal with climate change meritoriously, due to abridged
adaptive capability and higher threats of climate defencelessness (Tubiello 2012;
Campbell et al. 2016; OXFAM 2018; Kunmin 2018).

2.2.4 Triple Burden of Malnutrition

The triple burden of malnutrition (Pinstrup 2007; Gomez et al. 2013; Gillespie and
Van den Bold 2017) entailing the co-existing conditions of undernutrition (stunted
and underweight), overweight and obesity and micronutrient deficiencies is a signif-
icant peril in the present global food consumption patterns. Recent data showed that
one in every three persons suffers from one or other form of malnutrition. Almost
1 billion persons munch too little calories, not less than 3 billion don’t have adequate
nutrients and above 2.5 billion eat too copious as required (IFPRI 2018). Nearly
821 million people (approximately 1 in 9) are undernourished in the world
(Table 2.2). Along with almost 3 million childhood deaths reported all over the
world are correlated with the imperfections in the nutrition, especially malnutrition
(NCD 2018; UNICEF 2019; FAOSTAT 2019). More than 260 million women of
reproductive age are affected by iron-amenable anaemia (WHO 2018), which will
ultimately lead to an unhealthy future generation. Though food is considered as the
common entry point for nutrition and agriculture, there is often some obvious
significant disconnect between the two. It is mainly due to the fact that food
availability does not ensure abundant or adequate nutrition always (World Bank
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2015; Hawkes et al. 2017). Triple burden of the malnutrition relics is a daunting
challenge and a mulish barrier in almost all the poverty eradication efforts.

2.2.5 Alarming Level of Post-Harvest Losses

Post-harvest losses including food loss and wastages (FLW) are a great concern to
food security (including the availability, accessibility and affordability) and envi-
ronmental and economic sustainability faced by the global food production system
(Shafiee-Jood and Cai 2016; Shee et al. 2019; Kuyu et al. 2019) (Fig. 2.5). Though
the accurate estimate of the FLW in quantifiable terms is difficult to get (Landry et al.
2018; Aamir et al. 2018), the meta-analysis and multiregional studies done by
different international agencies under the aegis of FAO observed that more than
30% (about 1.3 billion tonnes per year) of the total food produced globally is being
wasted (Gills et al. 2015; FAO 2017d; Banjaw 2017).

The food and agriculture produce waste quantification shows that wastage is
maximum (35.75%) at the food after cooking or in the plate (Parfitt et al. 2010;
Hodges et al. 2011; FAO 2011; Kummu et al. 2012; Gills et al. 2015; Dusoruth et al.
2018; Aamir et al. 2018; Landry et al. 2018). Food wastage has a straightforward
impact on food supply chain difficulties with reduced availability and accessibility to
food of a major portion of the population, low income to the farmers due to
decreased selling price and increased purchase price, enhanced greenhouse emission
accounted for wasting degradation and increased agricultural activities to produce
more food to feed the ravenous stomach. Data from a populous and developing
country like India shows a dangerous level of post-harvest losses (Lisa and Adel
2015). It is almost 30% in cereals, 40—50% in horticulture crops including fruits and
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vegetables, 20% in oil crops, dairy and meat sector and almost 35% in fish (FAO
2015). A study in the SAARC region showed that horticultural crops are showing
greater vulnerability to the post-harvest wastage. Estimated losses are as exemplified
as 20, 29, 38, 46 and 52% in mandarin, banana, mango, tomato and cauliflower,
respectively, in the SAARC region (FAO 2017g).

2.2.6 Low Income and Low Social Status Offer to Farmers

Even though agriculture has all the pride to accept the nomination of the mother of
civilization and social development, many imperfections are still there in agriculture
sector. Due to the overstress given by the officials of the national and international
leaders to the production strategies rather on the farmers’ affairs, majority of the
developing and under developed nations negligibly recognized or rather ill-treated
the farmers who have contributed and sacrificed their life and youth in the sun and
rain to create food to feed and to create a market for the economy of their own
country among other nations. According to the UN (2019c), two-thirds of
impoverished employed workers worldwide are agricultural workers. Spending on
food and consumable showed a contrasting trend as compared to the income level of
the people in developed and developing nations. In a developed country, families
spent 15-25% of their income on food, whereas it is almost 50-80% in developing
nations (Bourne 2014). Malnutrition and associated mortality showed an exponen-
tially increased relation to the high food cost and insufficient quantity of food.

23 Pragmatic Solutions and Strategies for Overcoming
the Challenges

In the past centuries, agriculture has been described as a ‘Godly profession’ and
blessed with a large quantum of natural resources, workforce and less pressure on the
land to feed the population as the population was too small as compared with the
present situation. But now the agriculture sector is the most vulnerable and
threatened profession due to the limited resources and lack of workforce due to the
disinterest from the people in farming due to the less remuneration it generally
offers. But pressure on agriculture to feed the population is many folds as compared
with the ancient years. With all these reasons, the farmers need to switch to smarter
techniques that can aid in regulating the proper use of land, water and energy to feed
the planet and elude from the global food crisis.

2.3.1 Nontraditional and Urban Farming as an Alternative
Production System

As indicated earlier, over the last three to four decades, the world has witnessed
continuing and increasing phenomenon of urbanization. Population explosion,
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combined with a massive migration, particularly of rural populations to urban
centres and expansions of the existing cities, is the main reason for this. Since the
settlement of the roving old generation of the human race into communities,
conurbations have been indissolubly coupled with the crops that sustain them. But
the urbanization led to severe poverty in some of the area, especially where the
jobless migrants are there. Along with the economic down slopes, increased demand
for the food for feeding all the urban population with the shrinking rate of agriculture
land and less involvement of people in production activities in turn resulted in
malnutrition and starvation among the city people. Here the prominence of urban
and peri-urban agriculture stands for.

Urban and peri-urban agriculture can be defined as the mounting of crops or
plants and rearing of fish or animals in a domesticated environment within and
around metropolises and townships. It includes all the activities like production,
processing and marketing of the agricultural produce using reclaimable and reusable
natural resources, urban trash and waste. In fact, one can say glorious farming is
what gave rise to the first cities in human history. Though the term of urban
agriculture is more pronounced in recent years, it has an extended date back history
in the process of human civilization. Some of the examples are ‘Eridu’ the first city to
ever exist located in Mesopotamia built over 7000 years ago, on the extremely fertile
shoreline of Tigris and Euphrates rivers (Peeter 2015); ‘Machu Picchu’, the ancient
Incan city built around 1450-1460 well-known for hundreds of man-made terraced
and irrigated crop fields surrounding the mountain city (Alconini 2005; Wright
2016); ‘Chinampa agricultural system’, the so-called ‘floating gardens’ of Aztecs
which were found on the shallow lake beds in the Valley of Mexico constructed
during 1519 (Altieri and Koohafkan 2004; Antonio 2017; Roland 2019); etc.

Backyard gardens or kitchen gardens (cultivation of crops on the property of a
home), allotment gardens (vegetable garden of medium size in the municipal area),
vertical farming (producing food in vertically piled stratums, vertically inclined
planes, other plant-growing substrata integrated with other structures in a combina-
tion of a controlled or modified environment for agriculture), fertigation, aeroponic
and aquaponic (Despommier 2013; Ritu and Janakiram 2016), tactical gardens
(a keyhole garden) rooftop gardens (farming on roofs) window farming, community
garden (a piece of land (single or combination of multiple small pieces) planted
communally by a group of people in a region), educational gardens (urban agricul-
ture developed by any educational institution) micro-gardens (intensive cultivation
practice of a wide range of crop) and aquafarming (cultivation of fisheries in
wastewater), etc. are innovative and contemporary approaches added to the urban
and peri-urban farming with many fold benefits (Hendrickson and Porth 2012;
Specht et al. 2014). It gives food for the city dwellers, reduced pressure on the
rural land and farmers, reduction in pollution, reduced poverty in urban areas, and
moreover tension relief and health benefits for the rural people who engaged in
farming activities.

Another nontraditional method of crop cultivation, which gained the attention due
to its wide range of benefits on income, environment and heritage in the near past, is
organic farming (IFOAM 2009; EC 2012). Organic farming is a sustainable and
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eco-friendly farming practice because it restores the nutrient and carbon to the soil
resulting in higher nutrient density in the soil as well as higher crop yield (Srivastava
et al. 2018). Furthermore, organic agriculture can be more purely defined in compar-
ison to sustainable agricultural practices and takes its allusion theme in ecological
fortification and conservation (Gills 2012). For example, organic farming is funda-
mentally not contingent upon peripheral contributions as external inputs. This
curtails the usage of different resources in the farming practices followed in the
crop production system and limits the nutrient freight in the soil, which in turn clues
to the reduced water pollution level due to dripping effect of over-fertilization and
resulted eutrophication due to increased concentration of nitro-phosphorous
elements.

2.3.2 Internet of Things for the Better Agriculture

From time immemorial, the agricultural world is a field for scientific development in
the form of machines and tools. Recent day’s agriculture is witnessing the robotic or
artificial intelligent era of precision farm operations. The word robotics was made
known to the public through a play titled Rossum’s Universal Robots (RUR) by
Czech writer Karel Capek in 1921 (STANFORD 1998). Throughout history, the
robot was pragmatic in mimicking the behaviour of humans and habitually manages
tasks in a similar manner. Intelligence that allows the robot to behave in a humanistic
way is a programme or system of programmes. To satisfy the food demand in the
challenging situation of increasing climatic aberrations, reducing soil productivity
and adverse environmental impacts, the food production system must turn to a smart
farming system by embrace with advanced technologies, especially the Internet of
Things (IoT) with automated and connected devices. It is the way of the temporal
and spatial application of capital-intensive and hi-tech modern Information and
Communication Technologies (ICTs) (big data analysis, artificial intelligence (Al),
machine learning, etc.) in on- and off-field activities. Precision agriculture, weather
monitoring, information system, IT-based post-harvest produce handling, livestock
monitoring, etc. are able to detect minute changes in humidity, light, moisture and
temperature with the help of high precision sensitive gears called sensors. In
accordance with the adaptive and experimental nature of every scientific discipline,
agriculture science has made many strides in the engulfment of the advancement of
ICT in its various fields, and the rate of change in the adoption is upward sloping too.
Almost 84% of IoT deployments happening in the world are addressing the SDGs'
in some or other way (UN 2019d) with the following distribution: 25% to
manufacturing, innovation, and infrastructure (SDG 9), 19% to smart metropolises
and publics (SDG 11), 19% to affordable and clean energy (SDG 7), 7% to good
health and wellbeing (SDG 3) and 5% to responsible production and consumption
(SDG 12). Data on the IoT penetration shows that IoT is very less utilized in the

"Refer Appendix 1.
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production system, which would have a direct impact on poverty alleviation. Hence
harnessing the power of machine learning and artificial intelligence is essential to
make a smart way of the food production system. According to Andrew (2016), IoT
device connexions predicted in the agriculture world will reach 225 million by 2024
as compared with 75 million in 2020 (projected) and 30 million in 2015 with a
compound annual adoption growth rate of 20%. IoT applications are expected to
produce a mediocre of 4.1 million data plugs per day from an average farm in 2050,
as compared with 190,000 data points in 2014, which can able to create a smart
intelligence bank to make management decisions to enhance the productivity of
agriculture system further.

IoT in agriculture has many fold benefits like efficiency excellence by virtue of
the informed decisions; cultivable area expansion to skyscrapers’ walls, abandoned
containers and every unutilized point due to its artificial intelligent mechanism to
conserve and utilize the resources efficiently; and agility in food supply with added
components of cleanliness and assured quality (FAO 2017a; World Bank 2017b).
Agricultural androids (robots) mechanize sluggish, tedious and murky tasks of
farmers, countenancing them to focus more on recuperating inclusive production
in terms of yields and profits (RIA 2017). Some of the Al-based applications in
agriculture are smart harvesting, precision farming, mechanized grading, smart
irrigation, quality-controlled processing, variable rate technology, smart
greenhouses, etc. The custom of Al has made the agriculture shrewder than ever
with a touch of intelligence, which is as good as a human in many cases. Smart
agriculture can be used to augment food productivity. It can act as an agent to
address the issue in the food supply chain and make the farms virtually more
connected and more intelligent in decision-making. From drones to sovereign
tractors to robotic artilleries, the technology is being positioned in the creation of
more interactive and innovative applications. The following section will give an
insight into the robotic technology (IoT) applications in agriculture.

2.3.2.1 Planting and Seeding

Life of all the plants begins as seeds in a field. The outmoded and most common
means for seeds sowing are to fling them by broadcasting by hand or by use of
mechanical broadcaster connected to a tractor. This throws many kernels around the
field while the tractor pushes at a sturdy pace. This is not an efficient method of
implanting as it causes more seed rate through some sort of the wastage of seeds.
Seeding and planting through autonomous Al robots with geo-mapping (soil
mapping) are the most efficient way of planting. In this method, a map is made
which displays the soil properties (texture, quality, moisture, density, etc.) at every
point in the particular field. The tractor with mechanical seeding accessory places
these seeds or transplants the seedlings at accurate locations and in calculated depths
so that each has the best chance of budding, e.g. farm guru, developed by Tech
Mabhindra. It is a solar-powered portable unit, to assist farmers from the time of
sowing, through the cropping season and then to post-harvest phase.
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2.3.2.2 Weed Control and Intercultural Operations

Herbicide and pesticide spraying in the field to control the weeds and crop pests
generally creates wastage and severe environmental pollutions also. If Al-induced
robots are doing this job, then it became a much more efficient method. Micro-
spraying robots with Al can distinguish weeds from the crops and then spray a
beleaguered droplet of herbicide with calculated active ingredient onto them. Some
of the weeding robots don’t even want to use chemicals to destroy it, but they could
detect plants as it is pushed by a tractor and then mechanically digs the spaces
between plants to deracinate the weeds. Some others are using lasers to kill the
weeds. Likewise, Al-assisted irrigation robots can effectively and efficiently irrigate
the target plants through autonomously navigating between rows of crops and
dispensing water unswervingly at the base of each vegetal and also have the benefit
as they are able to admittance to the areas where other machines cannot.

2.3.2.3 Harvesting of the Produce

Garnering and picking are some of the most venerated areas in agriculture where
robotic applications are very crucial due to the exactness and promptness that robots
can accomplish. It will help to mend the yield losses and trim down squander from
crops being leftward in the field. The artificial intelligence integrated into it helps the
machine to detect the fruit, senses its maturity and mellowness, moves to clutch it
and gently detaches it (only the ripe fruit) from the tree or plant without any damage.
The robot uses a combination of machine vision and gesticulation forecasting
algorithms to distinguish and locate the ripe fruits which to be harvested. These
machines can detect injured, smashed, ruined, diseased and unripe fruits and have
the inbuilt intelligence to pack the harvested fruits in different boxes according
to size.

2.3.2.4 Primarily Surveillance

Monitoring and reporting of the field and climatic conditions are very important for
the crop cultivation practices to make adjustment in the planting and other
operations. Sensors and geo-mapping technologies are letting farmers to get a
much advanced and sophisticated level of information about their crops and the
microclimate of the field. Drones, the robotic machine used for this purpose, has
hardware and analysis software to do the field surveillance and analysis. The farmer
who is using the drone can move the appliance to the field and commence the
observation activities with the help of software attached to tablet, computer or
smartphone and view the collected and composed crop-related data in real time as
a tangible entity. The airborne shadowing engines can detect stunted crops, ciphers
of pest or weed injury, aridness and many other variables that are part of the exertion
of agricultural activities general. For recording the accurate climatic conditions,
ground-based robots are being used as they are talented to get nearer to the crops.
These data points, which an artificially intelligent machine can make, will enrich the
farmer with decision-relevant information, which in turn enhances the predictability
of the production models.
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2.3.2.5 Processing of Farm Produces

One of the most time-consuming processes in the processing is the sorting of fresh
produce before processing. This will help to decide which product can be made from
the farm produce, e.g. from potato products like French fries, potato chips and hash
browns. Sorting of the products is generally done on the basis of size, colour and
texture. Another important thing in the food processing industry is the cleaning of
the utensils. Al-induced robots use ultrasonic sensing and ocular fluorescence
imaging to measure food scum and microbial wreckage in a portion of paraphernalia
and then optimize the cleaning procedure. This will give most hygiene equipments
for the artificial processing intelligence which can be used to decide about which
new products one should create through an unimaginable number of ways of
blending and mixing of an endless variety of options of flavours, spices and
ingredients that exist.

2.3.3 Price Forecast in Agriculture

Artificial intelligence can integrate into the price-predicting model, which forecasts
the upcoming commodity influx and their corresponding prices in a specified area.
This model makes use of strategies and remote sensing data from geo-satellite zones
to imagine the future price of the commodity. The historical data pertaining to soil
character information, fertility status of different crops, etc. are generally used in the
forecasting models to predict particular crop price data, e.g. the Microsoft Price
Forecasting tool.

2.3.4 Diversification and Commercialization of Agriculture

Since agriculture sectors are struggling to create a sustainable economic impact on
most of the underdeveloped and developing nation, it is necessary to reduce distress
in farming, and focus should be more on diversification and commercialization of the
agricultural products which can yield high value in low volume (Singh et al. 2006;
Rahman 2009; Meena et al. 2018; Deogharia 2018). Planned diversification in the
crop husbandry and crop-based product development is an innovative technique to
augment the revenue of the farmers in a lucrative way and a concave to give
extensive options and crop portfolio in the production which has the potential to
help in alleviating poverty, conserving the environment and creating employment
(Hayami and Keijiro 1995; Haque 1996; Joshi et al. 2004; Weinberger and Lumpkin
2007; Maggio et al. 2018). As the tendency of rice consumption per person in a
decreasing line with the rapid urbanization and income growth (Ito 1989; Huang and
Cristina 1993), diversification is essential to meeting the changing dietary demand
(Delgado and Siamwalla 1999; Joshi et al. 2003; FAO 2004). According to Chand
(1996), diversification in agriculture can be indicated as intentional changes in crop
mix, activity mix and enterprise mix at farm level, especially at household level, by
diverting the resources from single crop to a mixture of different crops or livestock.
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Flower cultivation, honey bee cultivation, fisheries, mushroom cultivation,
protected cultivation of exotic vegetables, nonfarm activities, etc. are some of the
remunerative undertakings in this area (Barrett et al. 2001; Basantaray and
Nancharaiah 2017). Farmers’ income can be improved with increased productivity,
decreased cost of production and increased risk-bearing ability against climate change-
induced yield losses. Consequently, there is a need to boost up diversified agriculture
along with auxiliary agricultural undertakings (Smith et al. 2008; UNFCCC 2009;
Khanam et al. 2018). Crop rotation is another crop diversification action in which the
suitable arrangement of consecutive crops in a pattern is followed to facilitate the
different plants to pull nutrients in different magnitudes from various echelons (Quiroz
and Valdes 1995; Rahman 2009). Thus the crop diversification in crop rotation
model can augment the production and reduce the cultivation cost as in the case of
legume-cereal rotation. It is also a proven solution of the most widespread farm level
rejoinders to climate erraticism and alteration (UNFCCC 2009; Smith et al. 2008).

2.3.5 Climate-Smart Agriculture: Adaptation and Mitigation

Food and nutritional crisis are intensified by the extreme changes observed in the
climatic conditions (World Bank 2019b). It is estimated that climate change will add
up to 122 million more to the population in extreme poverty group by 2030 (FAO
2016). To tackle the catena of food security challenges and climate-related
encounters, an integrative approach is needed (Ericksen 2008; Ingram 2011;
CCAFS and UNFAO 2014; Sapkota et al. 2015; Olorunfemi et al. 2019). Climate-
smart agriculture (CSA) is the new terminology in advanced agriculture options that
has an unequivocal focus on addressing climate change-related agricultural
challenges (FAO 2010; World Bank 2019b).

‘Adaptation’ and ‘mitigation’ are two vital terms that are central in the manage-
ment of climate changes in socio-agricultural-related scenarios (IPCC 2001; Tol
2005; Laukkonen et al. 2009; CIFOR 2011; FAO 2012a). Climate adaptation
denotes to the capability of a system to amend to variability and extremeness
observed in the climatic conditions which can cause moderate to potential mutilation
to all components of a production system and the ability to identify the options to
cope with the cost and consequences produced by the human-induced climatic
changes and to take advantage of opportunities (Pan and Zheng 2010). In contrast,
climate mitigation is any deed made to enduringly eradicate or diminish the long-
term risk and perils of climate change to human life, living components and any
property of the production system (Tol 2005; Lu 2013; Duguma et al. 2014).

In recent days, the adaptation strategies were recognized as important as mitiga-
tion plans by the numerous international negotiations done on the topic of climate
change (Campillo et al. 2017; OECD 2018; UNFCCC 2019). As on today’s esti-
mate, the extent of climate change committed by humankind is at a certain level,
especially in terms of increased temperature, and even the jam-packed level of
possible mitigation efforts and strategies will not prevent the anticipated upsurge
in temperature till 2100. Therefore, instead of the mitigation efforts, the adaptation
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measures to deal with adverse climate variability and changes need greater attention
during the planning and implementation stages of climate and environment policy
formulation, research interventions and institutional development (OECD 2018;
Vogel and Meyer 2018). Adaptation is progressions done by the societies; thereby,
they make themselves well competent to cope with an ambiguous and uncertain
future (Jo-Ellen et al. 2005; IPCC 2007). Climate change adaptation strategies help
in choosing the right measures and options to reduce the undesirable effects of
climate change through making appropriate alterations and changes in the produc-
tion system. It can also be defined as the act of choosing or exploiting the positive
effect or changes that happened in nature by dint of climate change. With an eye
toward developing and target appropriate adaptation measures, it is very much
imperative to recognize regions that are comparatively more affected by the adverse
effect of climate change. Generally, the nature of subsistence farming and social-
cultural barriers like a low level of formal education will limit the adaptive capacity
of farmers. Hence, for the climate change adaptation process, there is a need to
develop and implement simple, economically viable and culturally acceptable
strategies and technologies. Furthermore, the research extension and governance
system should effectively transfer the climate change adaptation knowledge to the
end-users. There must be intentional efforts from the government side to make new
technologies, institutional, social and economic resources accessible by the farmers
through integrating them with the existing resources base of farmers. To address the
impact of climate change, the research and development wing of the nation should be
armed enough. Many alternatives resilient to climate change are needed to be
developed and transferred to the farmers filed for wider adaptation. These climate-
smart technologies are crop cultivars tolerant to abiotic stresses like heat and salinity
changes and resistant to flood (Chakraborty et al. 2014), frost and drought, improv-
ing soil and water management practices, altering crop management practices
(mixed cropping, crop diversification, relay cropping, multiple cropping, etc.),
adopting innovative farm management techniques such as resource-conserving
technologies (RCTs) (Altieri and Koohafkan 2008; Lin 2011; Pathak et al. 2012;
Adhikari et al. 2018) improving pest and disease management practices followed,
improved and accurate weather forecasting and efficient governance (Godfray and
Garnett 2014), crop insurance, hitching the indigenous technical knowledge of
farmers with the scientific know-how, etc.

2.3.5.1 Climate-Smart Technologies

The first major challenge to adapt to the climate-persuaded changes is to maintain the
yield stability at the present level. The development of improved crop varieties with
advanced and improved yield potential and resistance or tolerance to multiple
stresses (drought, flood, salinity) is the key to it. Climate change is making not
only an adverse effect on the abiotic element but also many abiotic stresses like
shortening of the growing season; changes in the production environment and
microclimate, too, are the part of it. It is very crucial to develop tolerance to multiple
abiotic stresses for the food crops through multiple breeding programmes (Pathak
et al. 2012). Farmers must be provided with cultivars of the broad genetic base to
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fight against the climate change-related biotic and abiotic challenges and to mini-
mize the risks of climatic aberrations (Fita et al. 2015). To make a better production
system, farmers should use (access to) a basket of technological options. Examples
of some climate-smart verities of different crops popular in Indian subcontinental
conditions are (1) rice, Pusa Basmati 1509, Pusa Sugandh 2, Pusa Basmati 1121,
etc., and (2) wheat, HD 3086 (Pusa Gautami), HD 3090 (Pusa Amulya), H D 2985
(Pusa Basant), etc. (Hema et al. 2014).

2.3.5.2 The Resource-Conserving Technologies (RCTs)

It involves practices or cultivation techniques that augment resource use or input use
efficiency and can deliver immediate, distinguishable and palpable economic
benefits to the farmers like reduced production cost due to enhanced savings in
irrigation, fuel, nutrients and labour requirements and improved level of yield by
well-timed crops establishment, etc. (Gupta and Seth 2007; Pathak et al. 2012;
Soumya et al. 2018; Patle et al. 2019). Water-saving mechanisms (UNFCCC
2006) like narrow/broad bed planting of crops with crop residues can enhance
farmers’ income through reduced cost of cultivation and enhanced production
(Altieri and Nicholls 2013). It can also provide resistance against lodging of crops
due to rains and hailstorm, which are rousing in an unusual trend in recent years.
Zero tillage, another resource conservation technique experimented in rice-wheat
cropping system, permits farmers to plant wheat immediately after the harvest of
rice; hence the crop could escape from the terminal heat stress (Pathak et al. 2011,
2012). Direct seeded rice (DSR), organic farming and conservation agriculture,
which reduce the water wastage and soil evaporation through cover cropping and
mulching with the crop residues, are some of the other extensively accepted RCTs
(Pathak et al. 2012; Srinivasa et al. 2016). Management of rice straw burning
(a serious issue that is contributing to the GHG emission) can be done through
various on-site soil composting practices to make organic fertilizer with the use of
effective micro-organisms. Similarly, the practice of the use of by-products and
leftovers (e.g. rice straw and hull) as fuel for cooking, inputs for the paper industry,
etc. are some of the greener techniques which can indirectly reduce the adverse effect
of climate change.

2.3.5.3 Carrot and Stick Approach in Knowledge Integration

Farmers are ever experimenting, and their knowledge about the change in the climate
is very crucial to include in the scientific knowledge realm. They can observe the
change in the climate by the disappearance of some varieties of plants and animals.
They are correlating the long-term changes with their knowledge domain and finding
and validating some solutions from nature itself to adapt and mitigate it. Since the
climate change effect on different cropping systems is different, it is better to adopt
location-specific technologies and farmers’ ITKs (MoSTE 2015; FAO 2019a).
Upscaling of farmers’ own climate-smart technologies in partnership with state
departments and research institutions is also an important step. Recognizing custo-
dian farmers for preserving the climate-smart varieties and genome of different crops
suitable for the climate change scenario is a significant step forward to motivate the
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farmers to adopt the mitigation and adaptation practices and increase their zeal in
climate-smart farming. Like awards, the penalty for the environment-unfriendly
activities should be realized and firmly watched. Like the carbon exchange and
trade between the low carbon emission countries and high carbon emission, to lessen
the ill upshot of climate change community-level assessment of GHGs generation
and its monitoring should be done.

2.3.6 Nutrition Farming as a Hunger Fighter

The main issue of malnutrition faced by the hunger population over the globe today
is the access to safe and nutrient-rich food than the availability of food (Das et al.
2014; FAO 2017f; Vijaya et al. 2017; UNICEF 2019). The nutrition-sensitive
agriculture focused on the following significant ideologies like increasing availabil-
ity and accessibility of the food, encouraging sustainable and diversified production,
enhancing the nutrition content and making the food more nutritious (FAO 2014;
Nagarajan et al. 2014). Nutri-farms or nutri-gardens attained considerable attention
in the near past as a local solution for malnutrition predominant in the majority of the
developing and undeveloped countries. Nutri-garden provides some essential nutri-
food and additional income by incorporating the nutrition goals in critical entry
points (crop diversification and reduced cost of cultivation) (Jaenicke and Virchow
2013). Nutri-gardens can be created with the integration of high-nutrient-value
vegetable and fruit crops and biofortified crop varieties in cultivation (Bouis et al.
2013; Bouis and Saltzman 2017), along with good agricultural practices for produc-
tivity enhancement and soil quality improvement (Ruel et al. 2018). Biofortification
in different food products showed a positive impact on nutritional security aspects
(Low et al. 2007; Bouis et al. 2013). Some of the dazzling examples are iron-
biofortified pearl millet (Finkelstein et al. 2015; Yadava et al. 2017), zinc-
biofortified wheat (Rosado et al. 2009; Singh and Velu 2017; Sazawal et al. 2018),
vitamin A-biofortified maize (Fabiana et al. 2014; Menkir et al. 2018; Zuma et al.
2018), etc.

International organizations around the world with state support are making many
approaches among the rural population in the participatory and target-oriented way
to fight against all forms of malnutrition. For example, in India, many breeding
programmes were started to increase the nutrient quality of the crop produce by
National Agricultural Research System (NARS) in hand with the international crop
organization. Some of the promising biofortified varieties developed by the NARS
are CR Dhan 310 (protein-rich variety of rice) and DRR Dhan 45 (zinc-rich variety
of rice); WB 02 and HPBW 01 (zinc- and iron-rich variety of wheat); Pusa Vivek
QPM09 Improved (lysine- and tryptophan- and a provitamin A-rich hybrid of maize),
Pusa HM4, Pusa HM8 Improved and Pusa HM9 Improved (lysine- and tryptophan-
rich maize hybrid); Pusa Mustard 30 (low erucic acid variety of mustard) and Pusa
Double Zero Mustard 31 (mustard variety with low erucic acid and low
glucosinolate); Pusa Beta Kesari 1 (cauliflower variety with rich f-carotene content);
and Bhu Sona (f-carotene-rich sweet potato) and Bhu Krishna (anthocyanin-rich
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sweet potato) (Yadava et al. 2017). Some of the innovative extension strategies
developed by the Indian NARS like Knowledge Systems and Homestead Agricul-
ture Management in Tribal Areas (KSHMTA), Nutri-Sensitive Agricultural
Resources and Innovations (NARI) and Value Addition and Technology Incubation
Centres in Agriculture (VATICA) are showing committed movements to stamp out
the hunger, poverty and malnutrition (Randhir 2017; ICAR 2017; TAAS 2017,
Paroda 2018) which can be adopted by other countries too.

2.3.7 Reaching Zero Hunger Through Zero Wastage and Surplus
Management

Production perspectives that had attained commensurable techno-policy attention
during the last decades merely cannot meet the nutrition demand, as it can address
only the availability dimension. For assured nutrition, food should be accessible and
affordable too. But the quantum of the post-harvest losses and wastage (PLW) makes
it challenging to attain reasonably priced food by the majority of the poor people.
The inducing factor for the post-harvest losses are varied by region, season and crops
across the value chain (Hailu and Derbew 2015; Ndirangu et al. 2017; Macheka et al.
2018; Shee et al. 2019; Khader et al. 2019). But in general, studies conducted
globally in different time and space horizons enlisted specific biotic and spatio-
temporal independent abiotic and developmental factors. It includes playing up of
the food production and supply system (physiological, physical, mechanical and
hygienic conditions) and imperfections in the institutional and policy framework
which are observed before and after the farm gate (Hodges et al. 2010; Arah et al.
2015; Chalak et al. 2016, 2018; FAO 2017e; Yahaya and Mardiyya 2019). Ineffi-
cient value chain management starting from the production to final consumption is a
significant challenge that includes poor infrastructure for storage, marketing and
processing which need immediate attention (Randela 2003; Godfray et al. 2010;
Hengsdijk and de Boer 2017; Rahiel et al. 2018).

The lack of decision pertinent data (five Ws (the person (who), the time (when),
form and context (what and which) and the place (where)), one H (how)) is a major
reason for the post-harvest loss and food wastage issues, and domineering thing
needs to be addressed by those paying attention in captivating battle to trim down
post-harvest loss (Gills et al. 2016; Dumont et al. 2015). The first and foremost
logical step in identifying a proper strategy for plummeting post-harvest losses and
food wastage is the efficient analysis of each commodity production and handling
system at the different entry points. Based on the analytical results, developing and
developed countries need separate strategies to tackle the problem as the reasons and
the stages of the losses may differ in both (Niewiara 2016; Ghosh et al. 2016). By
refining farmers’ custom of good agricultural practices, such as proper field man-
agement, careful handling of harvested crops, etc., significant reductions in food loss
can be made. Infrastructure for appropriate storage of the harvested crops until it
reached the final consumption points needs to be created in all the entry points in the
value chain (Kumar and Kalita 2017). Cold storage, controlled and modified
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atmospheric storage facilities, etc. are proven post-harvest loss prevention
technologies. However, derisory extension efforts and inadequate information flow
from potential buyers to the producers limit the degree to which farmers are
conscious of and actively implementing these innovative practices (Pearson et al.
2016). Training, demonstration and education about effective handling and storage
practices, marketing strategies like collective marketing and target marketing,
knowledge development and real-time communication in the supply chain, con-
science building, etc. are particularly critical in diminishing the food wastage and
post-harvest losses (APO 2006; Hodges et al. 2010; Bendito and Twomlow 2014;
ACF 2014; Dumont et al. 2015; Calvo-Porral et al. 2016; FAO 2017¢c; NAAS 2019).
On-farm marketing, farm-firm linkage and farmers’ portals, etc. are needed to be
emphasized for reducing the market imperfections and attaining more contribution
for producers’ share in consumer rupee (Reardon et al. 2009; Singla 2017). Tum-
bling both post-harvest losses and food waste level necessitates multiple stratagems,
including behavioural modifications like changing consumption behaviour through
increased consumer awareness and refining enticements among various supply chain
participants (Kantor et al. 1997; Parfitt et al. 2010; Aschemann-Witzel et al. 2016;
Calvo-Porral et al. 2016; Facchini et al. 2018; Aschemann-Witzel 2018; Boulet et al.
2019). The tactics for reducing waste and loss will undoubtedly be diverse in
developed and developing regions because the core causes are different, but
shortening waste and loss in all areas will yet be critical to plummeting hunger
and nutritional insecurity and meeting future food demand.

Post-harvest losses and food wastages are reducing not only the nutritional food
bowl very deprived but also creating a major concern of environmental pollution as
most uneaten foodstuff ends up in the plonk. Waste disposal and its management is a
serious issue which is diverting gigantic potions of national and international money
reserve to make a clean environment. In agriculture, the waste created is generally in
the biodegradable form. Though the best fit strategy is zero wastage, due to many
reasons, especially delay in rectifications of identified inefficiencies, wastage in
agriculture is still at its peak point. Now another strategy to reduce its negative
impact on environment and livelihood sustainability is not to lose it as sheer waste
but to view it as a laudable resource to rebuild the productivity of the land and
profitability of agriculture through converting it into the wealthy product (waste to
wealth). Green energy production, compost making, pelleting, integrated farming,
etc. are some of the waste to wealth strategies recommended (Kathiravale and Muhd
Yunus 2008; Obi et al. 2016; TERI 2017; Chunping et al. 2019).

2.3.8 Policy Options and Its Imperatives

Can we imagine a developed world without agriculture? The demand exerted on
agriculture does not end at production; rather, it has an extended function in many
directions. As the majority of the world nations primarily are with the agrarian
economy, the sector must also contribute to economic prosperity, social security,
nutritional safety and communal wellbeing of rural and urban areas. At the same
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moment, it has the responsibility to preserve and enrich the natural resources and
biodiversity from the dark shadow of challenges like pollution, climate change,
population growth, urbanization, etc. for the future generation too. For the sustained
production and consumption system, a collective action from different nations,
developmental organizations and community groups backed with policy support is
needed. The foremost thing to make a revamped and prosperous agricultural sector
in any country is to have a well-equipped extension system (Garforth and Lawrence
1997; FAO 2003; Budak and Yurdakul 2004; Baloch and Thapa 2017). Since the
knowledge and information gaps identified as the major challenge to the productivity
boosted, nutrition-oriented and post-harvest waste reduced production system,
extensionists and the grass-root-level workers need to be provided with innovative
teaching and communication aids to outreach the art and science of sustainable,
climate-smart and nutrition farming practices to the farmers (Christoplos 2012; FAO
2012b; Fanzo et al. 2015). Technologies are the instruments to compact with the
pressure of food demand induced by the growing population and changing food
preference in a multiplier model (Beder 2000; Anadon et al. 2016; FAO 2003). But
except for some, the majority of the technologies were not diffused properly among
the farmers or end-users due to the lack of awareness and accessibility. Efforts are
needed to be taken at the global level for the wider use of improved crop production,
post-harvest management and marketing strategies with special emphasis on
location-specific needs among the farmers.

For that, a welcoming approach integrated with lessons learned from past for
collaboration in research, international science, technology development and
innovation culture should be adopted by nations. Governments of different nations
need to conduct a committed review about their food and nutritional security policies
to identify the pragmatic obstacles and policy gaps, finding new initiatives for the
international, inter-organization and interdepartmental collaborations. Agriculture
science to prosper, research and extension system need to emphasis vigorous
advocacy and promotional programmes directing to the youth which will help to
retain them in the sector and also help them to make career options in it (Van Enst
et al. 2014; Ravi et al. 2018; Zougmore et al. 2019; Nkiaka and Lovett 2019). One of
the most helpful things policy can do is to form agenda of networking and build a
platform for dialogue with relevant institutions providing multi-sectorial services
that exist in most countries (Kavoossi 1991; Jackson et al. 2009). Similarly extension
scientists at the regional level and field-level extension agent should make networks
with other community-level organizations and agencies for reducing the information
channel length and burden of the farmers and making farming as a profitable
endeavour. The farmer who is the major contributor in the demand sensitive
agriculture needs to be given the prime focus in any development policy directly
affecting sustainable agriculture.

Along with the technological assistance, agricultural system of the nation should
provide a wide range of services like social support, legal advice, financial consulta-
tion, spiritual guidance, job or career counselling, emotional counselling, vocational
training, etc. to the farmers considering their social, cultural and personal needs.
Strategies followed in agriculture need a paradigm shift from the production
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orientation to the framers’ income orientation. It can be attained through policies
supporting technological advancement for reduced cost of production and enhanced
productivity, creating alternative livelihood options and off-season employment
opportunities and promoting a transparent price discovery mechanism that provides
assured and remunerative price for farm produce.

24 Conclusion

Global agriculture and production system is struggling to fill the empty food plates
with food in many of the developing and underdeveloped nations. The dimension of
conflict with man and production system is changing from production enhancement
to nutrition, climate-smart, income and value chain oriented due to the population
propelled demand drift. In this chapter, we attempted to give a global overview of the
different challenges which are creating an alarming level of burden over the world
agriculture, which has been characterized by fragmented land holding, degraded soil
and water and fearsome level of reduction in the availability of the natural resources
coupled with the anthropogenic adverse climatic condition. For providing a meal
that is able to meet the essential requirements as per suggested standards to the
hunger population, some target-oriented conceptual changes must be adopted in the
coeval agricultural system. The suggested strategies like climate change adaptation
and mitigation, nutritional-sensitive agriculture, post-harvest loss and wastage
reduction through value chain creation, cold storage and innovations in the market-
ing system, using artificial and robotic intelligence in production and post-
production arena, diversified and commercialized farming, etc., are discussed in a
global perspective. Science cannot be able to make a real-time shift in the livelihood
conditions as it hypothesized, if it is not backed up with a strong polices. The
evidence of the failure of science, which has been not supported by the policy
which addresses social capital development, can be figured out from many regions
all over the globe (e.g. Bt. Brinjal in India). The nutritional and food demand of the
growing population highlighted the urgent need of a shift in the agricultural policy
orientation from cereal-centric to smart crop-centric worldwide. It is equally imper-
ative to note that agriculture needs location-specific strategic actions than a blanket
of suggestive measures, as each region and each production system has its own
unique microclimate, resource abundance as well as a social system. The policy
failures often associated with the inability of the governance system to realize the
essentialities and needs of the social system in which the farmers are the key
stakeholders of the agricultural system integrated. Hence it is urged to make a
sustainable social system through capacity building, behavioural interventions,
inter—/intradisciplinary linkages. These marketing innovations enable a favourable
and conducive environment for the successful establishment of policy interventions.
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2,5 Some Policy Suggestions

* The most important challenge, the future generation is going to face, is the climate
change-induced, tangible and intangible natural calamities and menaces. World-
wide collective actions are needed to preserve the nature and natural resources in
a sustainable way. Voluntary agreements and instrumental arrangements are
needed for this. An increase in fuel efficiency by switching to more nature-
friendly cooking arrangements, vehicles, etc. is one of the voluntary arrangements
which individual or small state can practice. Farming can also be in a more
climate-friendly manner by adopting the practice of carbon farming like cover
cropping, zero tillage, crop diversification, etc. which may lead to reduced carbon
emission through sequestering the carbon in the soil by the creation of soil
organic matter. Different countries need to fix specific target coverage for carbon
farming and encourage the farmers to follow it through regular capacity building,
knowledge integration and providing financial assistance or insurance coverage to
cope up with the profitability risk associated with this in the initial periods.

* Alarming rate in the current post-harvest losses and food wastage is another area,
which needs policy attention. As mentioned in the chapter, the post-harvest losses
in the agriculture sector occur in almost all the stages, starting from the field and
farm to consumer level. Most of the developed nations have efficient post-harvest
value chains for the proper handling of the agricultural produces. But the majority
of the developing and underdeveloped nations are struggling to reduce the crop
and produce losses at one end and to meet the food demand in the other end. In
order to reduce the post-harvest losses, it is very essential to develop commodity-
specific as well as community- or region-specific value chains and integrate it
with the global value chains. While making strategic measures in the value chain
development, it is important to give more emphasis on the reduced length of
market chain with a lesser number of players in each, to get better price realization
for both the producers and consumers. The underdeveloped countries are facing
major food losses in the stage of on-farm storage and transportation to the sink.
Lack of cold chain or cold storage facilities are the main trigger in it. The
government should give more emphasis on the development of infrastructure
for the cold storage facilities, accessible and affordable for the farmers to keep the
produce fresh until it reaches the consumers or finds a better market. The
government needs to facilitate the private investment or public-private partner-
ship in the infrastructure development to share the cost and responsibility in the
construction and maintenance. Another most important stage of the post-harvest
food losses is after cooking or on plate. In a developed country like America, food
lose on plate has been reported even as high as 30%. Along with creation of the
habit of no food wastage at the individual level, state needs to promote the
community-owned kitchens or take away outlets to distribute the huge quantum
of the food which is consumable but may be wasted from marriage functions as
well as get together to needy people. It will help to feed the hungry mouth instead
of feeding the bins. Similarly, the government can provide some public accessible
refrigerator facilities near the cities in which the person (living in flats or
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apartments) who has the excess cooked food can keep it instead of wasting and
the needy person can take and consume it.

* Malnutrition and triple burden associated with the insufficient intake of the
nutrient food are other dangerous situations, which need the government and
policy support to tackle with as this may destroy the human wealth of the nation.
If the malnutrition of the city dwellers is mainly due to the changed food habits
and more dependency on the junk food; the villagers, daily wagers, and poor
people have a different story to tell: it can be narrated as the lack of food, lack of
access to nutrients, etc. lead them to a malnourished status. While developing any
policies, the government should give proper attention to balance these two
scenarios. Promotion of nutri-smart villages or Nutri-gardens, which are self-
sufficient to produce nutrient-rich grains, fruits and vegetables and also able to
provide value-added products to the city dwellers, is one solution for it. By this,
the farmers can meet the local nutrient demand of their villages and also get a
good market for the farm products, which are the ingredients for the health drinks,
biscuits or nutrient powders. The government should fix the basic guidelines and
standards for the nutri-smart villages and also should provide inputs and concep-
tual orientation for efficiently developing the same while considering the topog-
raphy, nutrient status and market demand. Since the nutrient-rich coarse cereals
like maize, pearl millet, Sorghum, finger millet, etc. can be cultivated in nutrient-
poor soil without any compromise in yield and nutrient quality, the government
should promote the farming, intake and marketing of such nutrient-rich coarse
grains, which are otherwise known as poor man’s cereals, in a wider way. The
government should take a strategic policy decision in the area of biofortification
with due consideration on the ethical values and the societal norms. More
resource investment needs to be given for biotechnological researches, which
aims to develop the nutri-food through the differential coding of the plant genes.
Policies must be made in more targeted approaches to identify and map locally
available nutrient-rich food commodities (nutrient food map) and food consump-
tion pattern (food intake map) in different areas to make correlation and further
exploration of the possibilities to provide a balanced diet through a diversified
food basket approach.

 Titivated and productive extension system with capable grass-root-level workers
is an essential component of any development programme. Though the extension
system’s history shows the evolution of target-specific, commodity-specific,
orientation-specific and pragmatic variations in the world extension methods,
the principle norm of all those models is to reach the farmers in a most efficient
and effective way to increase the production. The extension system, which is the
bridge between the scientific rationality, government policies and the farm reality,
needs to be strengthened both in terms of quality and quantity. The suggested
FILE framework must have a convergence of different pillars of profitable and
sustainable agriculture like different institutions, which support agricultural
activities, infrastructure, technologies and, finally, incentive structures. Moneti-
zation of farmers’ produce must be done through different strategic policies; those
regulate the marketing through encouragement of collective (Farmer Producer
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Organizations (FPOs) or Community-Based Organization (CBOs)) and direct
market structure (online agri. Market platforms) creation. Policies must aim to
reorient and strengthen the service function offer to the farmers and recognize
agriculture as an enterprise through diversification and value addition. The
extension system, which is the bridge between the scientific rationality, govern-
ment policies and the farm reality, needs to be strengthened both in quality and
quantity. The farmer to extension person ratio should be shortened by recruiting
the qualified extension staffs or by giving intensive training to the para-extension
workers who could be proclaimed as extension workers after this training.
Extension workers need to be equipped with innovative and user-friendly ICT
tools, which help them to deliver the knowledge, technologies, governing
policies, etc. in the farmer’s door steps in a cost- and time-effective way. It will
also help them to amass the feedback on different policy options as firsthand
information and to communicate it with the governing body for further
refinement.

Most importantly, there must be a common platform to share, discuss and
refurbish scientific ideas for the development and maintenance of the sustainable
production system. Cross-linkages need to be created in farmer to farmer, farmers
to extension persons, extension person to extension person, farmer to extension
person to governing body, etc. through development of knowledge value chains.
The current agricultural production system needs strong social capital along with
the technologies to cope up with the present challenges and to meet future
demands. There must be solid efforts to evaluate and upscale the innovative
ideas and traditional knowledge of the farmers in different areas like crisis
management, coping mechanisms, technological advancement, nutritional
strategies, etc. The manpower and wisdom of the innovative farmers can be
integrated with the existing extension delivery system as Innovative Farmer-
Led Extension Delivery (IFLED) model in which innovative farmers are the
key extension persons at the village level in the technology transfer and refine-
ment paradigm. While considering the farmers as an extension person or change
agent, there must be strong policies to evaluate and upgrade the innovative
farmers’ services and innovation without diluting the conceptual framework
and the farmers’ rights associated with it.
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Abstract

Agriculture is one of the prominent activities to contribute to greenhouse gases.
Its contribution is about a third of the total emissions. It was in 2017 when
agriculture was discussed in climate talks. It is an emerging concern that the
changing climate will affect world’s developing countries more compared to rich
ones as they rely more on agriculture for livelihood. Such countries are more
located in the belts, which are more susceptible to droughts, floods, heatwaves,
etc., eventually impacting harvests. On the other hand, the change in consumption
patterns all over the world calls for more energy-intensive production that again
could cause adverse environmental impacts, if not addressed appropriately. That
said, the climate and food systems affect each other, which merits a deeper
analysis and suitable strategies to make sure that its implications on food and
nutritional security are not detrimental. The changing climate is indeed deeply
impacting the quantity and quality of food. Many regions across the globe may
face acute food shortages due to fluctuations in yields. Also, the population does
not seem to be static. Addressing food and nutrition security of the ever-
increasing population amid a changing climate is a growing concern. There are
more stomachs to feed with shrinking resources in hand. A nation is said to be
secure foodwise when the citizens enjoy the access to quality food in a sufficient
amount that satisfies hunger and help to maintain a healthy living. The FAO
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measures food security via four parameters, viz. supply of food, accessibility of
food, diversity of nutrients in the available food, and stability through time.
Addressing the grave concerns, this chapter discusses in detail the effect of
changing climatic conditions on food systems and vice versa. The chapter also
focuses on the impact on food security and the challenges that lie ahead. It also
suggests various actions to be taken by individuals, by nations and by the world
as a whole to overcome these challenges.

Keywords

Climate change - Food security - Resilience - Sustainability

3.1 Introduction

In recent times, the biggest challenge before of the farmers all over the world is to
produce food in uncertain climate conditions. Increasing incomes and population is
among the drivers of food demand. This further pressurizes production systems to
yield more. However, several studies suggest that higher temperature, uneven
rainfall pattern, soil degradation, etc. will affect the yield of several crops negatively
in certain regions, exceptionally low-income countries. Not just this, the result of
elevated levels of carbon dioxide (CO,) in the atmosphere is the reduction of zinc,
iron and other essential nutrients in crops, making them less nutritious. Thus both
food availability and quality are at stake due to changing climate.

On the other hand, as demand for food increases and the consumption patterns
change, our food production systems have become more aggressive emitting more
greenhouse gases in the atmosphere. We are living in an era wherein we have
immense challenges in the production systems, while the changing climate makes
things rather difficult. Many nations are still food-insecure, and their vulnerability
gets exposed further as climate changes. The challenge, therefore, is to produce
qualitative food in more and more quantity without causing damage to the climate.
This paper discusses the systems approach to assess and elaborate on the effects of
food systems on changing climate and vice versa. The chapter also discusses the
critical issues in food security and possible ways to resolve these.

3.2 Changing Climate and Changing Food Systems
3.2.1 Climate Is Changing, and That Is for Real

Climate change is not new. As per the National Aeronautics and Space Administra-
tion, in the last 650, 000 years, there have been seven catastrophic cycles; the pace
differed every time. The last of them, called an ice age, is about 11,700 years old and
is characterized by the birth of human civilization. With it began the interaction of
humans with the environment. As the species evolved, the activities too shaped up
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differently. From the wild, humans shifted to practicing agriculture. From agricul-
ture, they started manufacturing and so on. In the evolving exercise of the human
being through several activities were born the greenhouse gases (GHGs), viz. nitrous
oxide, methane, carbon dioxide (CO,), chlorofluorocarbons, etc. As time progressed,
the high release of the gases has thickened the GHG layer so much, so the released
gases remain trapped within the earth’s atmosphere, disturbing the earth’s thermo-
stat. Studies suggest that about 45% of human activities release CO, that remains in
the atmosphere. Carbon dioxide levels have increased markedly by deforestation,
cement production, burning of fossil fuels, human respiration, agriculture, etc.
Furthermore, gases from decomposed wastes produced in agricultural activities,
ruminant digestion and livestock management are found to be more active than
CO,. However, their contribution is less in quantitative terms. These are nitrous
oxide gases. Others are chlorofluorocarbons that originate from industrial activities/
processes. Chlorofluorocarbons are also GHGs and are released from industrial
equipment like a refrigerator and aerosol sprays. They have a dampening effect on
the atmosphere as they deplete the ozone layer. These gases cause amplified
warming and contribute significantly to the change in the climate. Increasing mod-
ernization and industrialization has led to a rise in CO, levels to 400 ppm from
280 ppm in just 150 years. It has been found that around 77% of all emissions are
CO, emissions, 14% are methane, 8% are nitrous oxide and 1% is chlorofluorocar-
bon and others (World Resource Institute 2000). Methane may enter into the system
through natural processes. However, 60% of methane is released by human activities
like mining, livestock rearing, use of landfills and others. Additionally, fossil fuels
are used for energy generation, and it remains a persistent problem as their combus-
tion releases greenhouse gases. Maximum, around 70% GHGs are emitted by energy
resources (electricity and heat, crude and natural gas, etc.) followed by agriculture
and land use and forestry which emit around 14% and 6% of the GHGs, respectively
(IPCC 2018).

While these activities are anthropogenic, volcanic eruptions and seismic activity,
too, cause a substantial rise in the CO, levels. These occurrences are now becoming
more frequent and high in magnitude. Climate change is thus natural and man-made,
as well. All this has led to the rise in the average temperatures and unexplained
rainfall variations. The American Meteorological Society reports that approximately
80% of the events which have been reported from 2015 to 2017 showed a significant
anthropogenic influence on the event’s occurrence. Furthermore, the temperature
during 2016 was about 1 °C higher than the 1850-1900 levels making it the warmest
year on record (World Meteorological Organization 2019). Most of the warming has
occurred in the last 35 years. The block 2015-2019 was the warmest 5-year period
when the temperature rose by 0.2 °C over 2011-2015. The WMO also reveals that
the CO, concentration levels in the atmosphere continue to rise, ocean acidification
continues and the Arctic ice was below 1981-2010 levels.

FAO (2015) coordinated the global forest resources assessment and found that
forest land is reduced by almost 1% between 1990 and 2015. As stated by the UN
biodiversity report, one million species are already on the verge of extinction. The
pace at which the changes are occurring and the unpredictability since 1950 is a
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matter of concern globally. As the damage controlling exercise, the global leaders
have decided to commit and control the warming under 2 °C above 1850-1900
levels. The Impact of change in climate is visible, and it may aggravate over a while.
It is, however, true that different regions of the world witness it differently.
According to the Paris Climate Change Agreement 2015, climate change can cost
heavily to India: almost 2.8% of its GDP by 2050 (World Bank 2018). It can also
increase the poverty levels, threaten food security and reduce the living standards of
the Indian population. Other countries are facing similar threats from the changing
climate.

Prabhakar (2010/2007) found that The World leaders have risen to this concern
and commitments for emission reduction have been made under the Kyoto Protocol.
While nations have been trying to reduce their emissions individually, there are
certainly many conflicts between the status that the developed and the developing
countries hold on account of reduction in carbon emissions. India, however, has been
prosperous in its commitments to reduce GHGs emissions. Friedman et al. (2018)
found that between 1850 and 2014, as compared to India, the USA and China were
the most significant contributors to climate change as these two countries emit the
maximum of GHGs.

3.2.2 Food Systems Are Changing Too

Humans tend to schedule their food according to lifestyle, culture, society, religion
and occasions. For example, in India, food habits differ as per the region and rituals.
There is a wide variation in the consumption pattern of households as we move
across the length and breadth of this country. South Indians consume fish and rice,
whereas North Indians prefer bread made from whole wheat flour along with meat,
chicken or vegetables. Food is not only the source of energy, but it also brings in the
pleasure.
Interestingly, the food can be broadly categorized into three types:

(a) Food that provides satiety like wheat, rice, etc.
(b) Food that provides nutrition like meat, fruits and vegetables
(c) Food that enhances taste like salt, sugar, spices and condiments

It has been found that the tastes and preferences of people are changing continu-
ously with time. Additionally, globalization has made the world a smaller place.
People have been travelling more than ever until the global movement was restricted
due to the COVID-19 lockdown. In the process of travelling beyond the local
boundaries, people get exposed to and accustomed to the food habits of each
other, thereby throwing enormous opportunities for trade. Therefore, diets do modify
over a period of time. A study, “What the world eats’, conducted by the National
Geographic, reveals that the dietary patterns have changed all over the world,
including India. The per capita calorie intake has increased, and the consumption
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Table 3.1 Changing daily diets and meat consumption in gram (g) in selected countries vis-a-vis
world between 1960 and 2011

Meat consumption(g) Daily diet (g)
Countries 1961 2011 % Change 1961 2011 % Change
Us 285 381 34 2339 2729 17
China 20 254 1170 872 2368 171
Hong Kong 203 695 242 1160 2143 84
India 17 29 71 878 1317 38
South Korea 45 339 592 955 2167 127
Vietnam 71 260 266 876 1418 62
Australia 343 423 23 2340 2551 9
World 93 173 86 1357 1878 38

Source: What the world eats: National Geographic (2019)

Table 3.2 Global consumption of meat and meat products

Beef and mutton (kcal/person/
Livestock (kcal/person/day) | day)

Region 2006 |2050 | % Change |2006 2050 % Change
European Union 864 925 7 80 75 —6
Canada and the USA 907 887 -2 117 95 —19
China 561 820 46 41 89 117
Brazil 606 803 33 151 173 15
Former Soviet Union 601 768 28 118 156 32
Other OECD 529 674 27 64 84 31
Latin America® 475 628 32 59 86 46
Middle East and North Africa | 303 416 37 59 86 46
Asia 233 400 72 24 43 79
India 184 357 94 8 19 138
Sub-Saharan Africa 144 185 29 41 51 24
World 413 506 23 50 65 30

Source: What the world eats: National Geographic (2019)
“Latin America excludes Brazil

basket is driven mainly by more of meat, dairy and eggs (Table 3.1). Meat consump-
tion has increased sharply all over the world.

Global projections for 2050 for livestock and beef and mutton (Table 3.2) reveal
that except for Canada and the USA, the consumption of livestock products will
further increase. It is estimated that the global consumption of these products will
rise by 23%, while, for Asia, the rise is projected at 72%. The maximum growth for
livestock products (94%) is estimated for India, wherein the milk and milk products
continue to gain prime importance in vegetarian diets.

Further, the calorie intake from beef and mutton is estimated to decline in the
European Union (—6%), Canada and the USA (—19%). The maximum rise in the
case of beef and mutton, like livestock, again is estimated for India (138%) and
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China (117%). This should preferably be looked at in absolute numbers. In 2006, the
per capita calorie gain from beef and mutton in India was 8 kcal/day. This is
expected to increase by 19 kcal/person/day, which comparatively is far less than
several countries on the planet. In nations like Canada and the USA, Brazil, Former
Soviet Union, European Union and others, where non-vegetarian diets are more
popular, the consumption of livestock, beef and mutton is several times higher than
India (Devi et al. 2014).

Such dietary modifications conglomerate to change the demand of the food,
which drives the supply side and affects the complete food system. Moreover, a
different trend is visible in the consumption of processed products. Countries like
India and China, where people prefer to consume fresh fruits and vegetables, are
investing hugely to promote processing. This is an effort to make food sustainable
and reduce food wastages, which are more than 40% globally. Food processing
again is an energy-intensive process. Developed nations, on the other hand, now
urge to consume less processed products. There the focus is shifting to consume
fresh products now. Changing consumption patterns are driving change in food
systems. The systems approach is a holistic approach that takes into account all
aspects from the input supply to the consumption of a food product. There is a new
challenge in the modern world, and that is about mitigating climate change amid
changing food systems. Many factors are responsible for such changes in food
systems, and they may be attributed to:

(a) Rise in income levels: An increase in real income leads to a rise in consumption
levels or changes in consumption patterns. With an increase in the income
levels, people tend to spend more on luxurious food items like ready to eat
foods, viz. chips, biscuits, juices, etc., and ready to cook products like noodles,
pasta, etc., which are pre-processed. The target segment for such types of
products is high-end consumers who have high spending capabilities. This
kind of shift is more observable in developing countries.

(b) Rise in nuclear families: Due to the rise in the number of nuclear families and the
increase in the number of working women, preferences increase for frozen meals
and food products that are minimally processed and take minimal time to be
cooked. Such type of food products are also called as convenience foods.

(c) Changing lifestyles or increasing health consciousness: Go vegan and go
organic is the new mantra of calorie- and health-conscious people. Such people
tend to incorporate more fruits and vegetables into their diets and exclude
carbohydrate-rich foods and fried foods from their meals. If they follow an
exercise routine, their diet also includes protein shakes, salads, green tea and
other nutrient fortified products. This is a type of cognitive factor that influences
food preference.

(d) Globalization: As already discussed, the globe has turned down to a small home
and is easily connected now, more than ever. People travel to different countries
and tend to consume different products, creating demand for such products in
their own country. Furthermore, free trade agreements make trade simpler.
Globalization has opened doors to the creation of new markets for
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multinationals in fried foods, burgers, pizzas and sugary drinks. Millennials
crave such foods visible on the supermarket shelves and end up buying and
consuming them. Such foods have high palatability, which makes these chal-
lenging to resist, and the consumer purchases it repeatedly to satisfy the
taste buds.

(e) Urbanization: The social circle in which people stay affects their food habits to a
large extent. People living in villages have comparatively simpler food habits,
and they eat home-cooked meals daily, whereas those who live in metropolitan
cities tend to visit restaurants more often. The elite classes of society have more
social thrust to celebrate with family and friends, which increases their con-
sumption of cakes, pastries, chocolates, snacks and other exotic processed
products. So, when people get relocated from villages to cities in search of
jobs, their eating habits change.

3.3 Changing Food Systems Cause Change in Climate

A food system includes all activities right from the input supply, manufacturing/
production, harvesting, processing, packaging, marketing/distribution and consump-
tion, i.e., from farm to fork. The food system includes essential elements like how the
food is grown in the field and through how many interactions it travels to the
consumers’ plate. The systems approach also consists of the minor components
like infrastructure used and the processes involved in making food reach the
consumers’ plate. Furthermore, it also encompasses the wastes in the food supply
chain and dietary patterns of the population (Mbow et al. 2019). While several
researches have been conducted on knowing the effects of changing climate on
agricultural production/yields of crops, there are not many studies that have tried to
explore the impact of changing food systems on the climate. To understand this, one
must question—what drives the food systems? The main drivers of the food system
are socio-economic (Kearney 2010), natural resources and environmental (Ericksen
2008) in nature. Besides this, the drivers of food systems could also be research,
development and innovation in food systems (Flores et al. 2010). The food systems,
as driven by these factors, are linked with the climate system as various greenhouse
gases are emitted at different stages of food systems through activities like produc-
tion, processing, marketing and distribution. Hence, the focus should be made on the
greener technologies, which will improvise the food system without deteriorating
our climate. The food systems are also linked with the ecosystems as land and water
are utilized at every stage to produce food. The increased greenhouse gas emissions
have also been responsible for the loss of biodiversity. The quest for food for the
burgeoning population further puts thrust on ecological systems and their utilization.
Thus, food systems challenge the ecosystem and vice versa. The food that is
produced by utilizing ecological resources produces waste too, which is disposed
back into the land and water bodies and emits greenhouse gases, also polluting water
bodies, resulting in soil degradation. The food systems are also linked with socio-
economic systems. Socio-economic systems affecting the food system for different
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consumer behaviour is responsible for the demand for different foods and their
production and marketing patterns. Several socio-economic constraints also chal-
lenge food systems. All components of the food system need to function efficiently,
so the climate, food system, the ecosystem and socio-economic systems remain
balanced (Mbow et al. 2019). The food systems must adapt to changing climate
conditions, and appropriate mitigation strategies should be carved to reduce GHG
emissions from the food systems. Timely adaptation and mitigation measures help in
a healthy establishment of subsystems.

3.3.1 Emissions During Various Stages of Food Systems

Food systems are estimated to contribute around 19-29% to the global GHG
emissions. Of this, around 80-86% is estimated from agricultural production
activities (Vermeulen et al. 2012). As discussed earlier, the food system is used for
umbrella activities that are core components of backward and forward linkages in the
food supply chain. At all stages, the food systems require an enormous amount of
energy throughout. Transportation is an activity that connects the entire food supply
chain. Besides transportation, several other activities like processing and packaging,
which again are energy-intensive, utilize electricity and heat. Fertilizer
manufacturing is also an energy-intensive process. Food emits GHGs during its
production, harvesting, processing, consumption, transportation and disposal. In the
case of poultry, livestock and fishery, almost 90 million tonnes of CO, per year
during the rearing activity (Steinfeld et al. 2006). Vermeulen et al. (2012) suggested
that inputs are transported to the farms and there they get converted into outputs. The
transportation of inputs from supply centres to the farms and other land-use changes
release about one-fourth of the global GHG emissions. The farm output then heads
for slaughtering, manufacturing or processing units, and from there, it either heads
for restaurants/schools or in supermarkets/shops/other markets, etc. Consumers
purchase the final products from either of the channels, and then there are some
waste realizations too in the process of consumption. These post-production
components of the food system yield about 5-10% of the GHG emissions. This
sums up to the fact that emissions are at all stages of the food system. It is thus highly
relevant to understand and work on the entire food systems instead of focusing on a
single component. The systems approach is also required to frame appropriate
strategies to mitigate climate change.

3.3.2 Dietary Patterns and Greenhouse Gas Emissions

The consumption activities contribute positively to the food systems. As discussed
earlier, consumption patterns are changing all over the world, with a huge jump in
the consumption of meat. India’s consumption of meat increased by 71% in a period
of 50 years between 1961 and 2011 (Table 3.1). Globally, this rise is to the tune of
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Table 3.3 Contribution of food to annual greenhouse gas emissions in kg

Frequency
Food items Once a week to twice Three to five times a week Once a day
Apple 2 5 12
Banana 5 14 25
Avocado 15 41 72
Berries 9 25 44
Oranges 2 6 11
Beans 7 20 36
Potato 3 9 16
Tomato 13 34 60
Bread 4 12 21
Wheat 2.5 7 10
Rice 26 69 121
Milk 10 35 68
Nuts 1.1 2 5
Tea 3 8 15
Coffee 33 89 155
Beef 604 1611 2820
Chicken 106 284 497
Eggs 43 115 202
Fish 146 390 683
Lamb 339 904 1582
Pork 140 375 656
Prawns 269 718 1256

Calculated from BBC Food Calculator (2019)

86%. Studies suggest (Pathak et al. 2010) that non-vegetarian diets have more
emissions than vegetarian diets.

The contribution of food to annual greenhouse gas emissions is given in
Table 3.3. These emissions were calculated using BBC’s food calculator and were
calculated for three frequency levels: (1) when the food is consumed one to two
times a week, (2) when the food is consumed three to five times a week and lastly
(3) when the food is consumed once a day. The standard portion was assumed the
same for the population across the globe. The standard portion size was taken from
the British United Provident Association and British Dietetic Association. Further-
more, the information regarding the food distance (the distance the food travels) was
also included while calculating these emissions. The distance data was taken from
the European Environment Agency. The agency estimates that driving a conven-
tional diesel vehicle produces 220 g of CO, equivalent per kilometre over its entire
life cycle, including emissions from vehicle production, fuel production and exhaust
emissions per km. The average distance was based on the survey of 40,000 farms
and 16,000 processors to get global average estimates.
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Table 3.4 Contribution of processed food to greenhouse gas emissions in kg

Frequency
Food items Once a week to twice Three to five times a week Once a day
Potato chips 7.5 22.5 45
‘Whole wheat flour 24 10 19
Refined wheat flour 3 16 24
Oil 21 70 153
Frozen food 88 330 665
Soft drink 24 80 125
Juices 30 100 200
Cheese 75 201 352
Tofu 12 33 58
Beer 52 139 243
Wine 24 65 114
Packaged milk 49 131 229

Calculated from Carbon Emission Calculator (2015). The average distances were taken between the
significant producer and consumption centres. Consumer waste percentages were also calculated

It was found that the GHG emissions from vegetarian food items were far lower
than the non-vegetarian diets. Beef, lamb and prawns emit the maximum of GHGs,
while fish, pork, chicken and egg follow. Similarly, the GHGs were also calculated
for processed food products (Table 3.4). In the case of processed foods, the distance
data was based on the average distance the food travels from the manufacturing
centres to the main consumption markets. The wastage was also considered during
the processing of food items. It was found that processed foods have a high level of
emissions as compared to raw products. For example, between raw milk and
packaged milk, raw milk consumption if consumed every day emits around 68 kg/
year of GHGs, whereas as the same amount of packaged milk (UHT) emits up to
229 kgl/year due to the processes involving heat treatments, processing, packaging,
transportation, etc. Of all the commonly consumed processed food items, the frozen
foods emit the maximum GHGs, slightly more than that emitted by pork consump-
tion annually.

Studies have revealed that homemade sandwiches produce only half the carbon
footprints than packaged ready to eat sandwiches. This could be attributed to lower
food wastages at home against commercial production. Various reports suggest
around 20% of the food is wasted in industrial production processes.

3.3.3 Food Wastage and CO, Emissions

Global estimates suggest that close to 1.3 billion food is wasted/lost every year. The
global food loss/wastage generates approximately 4.4 gigatonnes of CO,, which is
almost equal to 87% of the emissions through transportation. The entire supply chain
of cereals generates about 24% as wastages, which contribute 37% to the carbon
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Table 3.5 Major commodities’ contribution to carbon footprint and food wastage

Commodities Carbon footprint (per cent) Wastage (per cent)
Cereals 37 24
Vegetables 23 25
Meat 20 4
Milk and eggs 7 7
Fruits 6 16
Roots and tubers 5 19
Fish and sea foods 5 3
Oil crop and pulses 2 4

Source: FAO (2011)

Table 3.6 Contribution of stages of a supply chain in carbon footprint and food wastage

Stage Carbon footprint (per cent) Wastage (per cent)
Agricultural production 16 31
Postharvest handling and storage 16 22
Processing 13 10
Distribution 14 12
Consumption 36 20

Source: FAO (2011)

footprint, the highest among all the commodities (Table 3.5). The wastages follow it
in the supply chain of vegetables and meat. The wastages of these two commodity
groups contribute around 23 and 20% to the carbon footprint, respectively. The least
wastages are reported for the oil crops and pulses, for which the contribution to the
carbon footprint is 2%. Throughout the supply chain, each added activity of
processing, transportation, storage, distribution, etc. emits carbon, which is added
to the total carbon footprint. During the production activities, the wastages are
highest, around 31%, and these wastages contribute 16% to the carbon footprint.
The wastages from post-production activity or postharvest handling and storage are
next higher (22%) and contribute again around 16% to the carbon footprint. The
processing and distribution add relatively lesser to the carbon footprint and low
wastages, as against the consumption activity (Table 3.6). During consumption, 20%
of the food is wasted, which adds maximum to the carbon footprint (36%). This
suggests that if 1 kg of a commodity gets spoiled on the farm, it has less carbon
footprint than 1 kg of processed product wasted by the consumers, as the amount of
GHGs emitted increases cumulatively after each step of processing. Also, the
average per capita carbon footprint due to food wastage in high-income countries
like those in North American continent is 860 kg CO, per person per year which
exceeds twice the amount in South and South-east Asian countries where it was
350 kg carbon dioxide per person per year (FAO 2011).
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3.4 Changing Climate Has Also Affected Our Food Systems

The earlier section highlighted the activities in the food systems and their impact on
climate. Interestingly, the cycle is vicious. The population demands food. The
consumption patterns change, and new items get added to the food basket, trade
and transportation across the borders makes sure that the countries trade to fulfil
demand. So, the emissions do travel as well. The activities in the food system have
added to the greenhouse gases; their accumulation over time has resulted in global
warming, which further causes variations in the temperature and rainfall. Prolonged
wet or dry spells have been reported in several regions of the world. One very recent
example has been the Australian bushfires that the climate experts predicted long
ago. The change in climate might lead. The frequency and force of bushfires have
increased due to global warming, and around 100,000 square kilometres of area in
Australia was burnt in the 2019 year-end bushfires. About half of the animal
population lost its life, and biodiversity was disturbed. Experts believe that a few
plant and animal species may have gone extinct in the bushfires. The bushfires have
further resulted in warming of the continent, as the emissions from bushfires alone in
2019 were about half of the total emissions of the country in 2018. Increased
incidences of the flood are reported in India now than ever, causing massive damage
to human, plant and animal life and also destroying the infrastructure and GDP of the
country. The interrupted climatic variables make their impact on food systems by
impacting yields, causing distress, increasing disease and pest incidences, etc.
Hence, there lies a vicious cycle. Food systems are chasing climate and the climate
is tracking food systems. The climate affects crop productivity in two ways:

1. Direct—changing temperature, carbon dioxide and oxygen imbalance,
precipitation, etc.

2. Indirect—due to changes in soil, mutation among insects, pests, diseases
or weeds

The majority of the effect of changing climate has been researched and recorded
for production activities or agriculture/farming. Several studies have suggested a
negative impact of rising temperature and irregular rainfall on the yield of crops. The
effect, however, is not found even for all commodities/crops. Some crops are also
expected to make some gains from the changing climate. In totality, the impact is
negative. The projected reduction in the world food supplies may build up pressure
on available resources, especially in low-income countries, and thus may lead to
migration in huge numbers, which in turn may lead to extreme pressure on the
resources making life difficult for everyone and creating socio-economic unrest. An
increase in temperature causes fewer rains with a heavy flow rate, which in turn
reduces soil fertility. As a result of low fertility, the nutrition level of soil goes down,
causing fluctuations in yield/output. Increased temperatures also reduce the activity
level of the human population, affecting their way of life and earnings. In other
words, higher temperatures have ill effects on human health. It summarizes that
global warming leads to a decline in the activity level of both humans and soil,
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eventually leading to declining output levels, rising prices, reduced purchasing
powers, increasing poverty, hunger and deteriorating health.

Climate change, therefore, is going to challenge our food systems and how we
produce our food. Consequently, the food systems need to evolve and adapt to
changing climate, at every level of the supply chain. However, as mentioned earlier,
most of the impact is expected to be on the low-income countries, which do not have
ample resources and measures to mitigate the effect of it. The developed nations, on
the other hand, possess the strength to alleviate the impacts of changing climate.

The IPCC projects that by 2070, the average temperature for India will increase
between 0.4 °C to 2 °C in Kharif season and 1.1 °C to 4.5 °C in Rabi season. The
maximum impact is likely on maize. The yield of maize crop may reduce by 7-12%
in North India (Chatterjee 1998).

Ray et al. (2019) conducted subnational analysis and projected crop yields under
changed climate conditions and found that the crop yield has already been affected.
The authors regressed the yield of ten globally consumed crops—wheat, rice, maize,
soybean, oil palm, sorghum, rapeseed, sugarcane, barley and cassava, on weather
variables. They found negative yields ranging from 13.4% in oil palm to 3.5% in
soybean. Declining yields were observed in the European continent, Southern Africa
and Australia, while the positive effect on yield was observed on selected crops in
Latin America. Mixed trend was observed in Asia and North and Central America.
The negative impact on the yield of the selected ten crops was also estimated to bring
a reduction in their consumable calories (—1% average reduction) across the globe.
The findings for the world’s two largest populated countries were found contrasting.
For China, the mean change in climatic variables benefitted crop yield and increased
calorie intake for the ten selected crops. There were some provinces wherein the
yields of rice and wheat registered a decline.

On the other hand, for India, some states (especially the core states of Green
Revolution, viz. those in north of the country) showed a settled pattern of declining
yields of all major crops. These findings were consistent with the results of Birthal
et al. (2014) and Singh et al. (2017). Birthal et al. (2014) studied the effect of
changing climate on the yield of nine major crops in India, including cereals, pulses
and oilseeds. They found a significant negative impact of the rise in maximum
temperature on the yield of all crops under study. The marginal effect analysis by
Birthal et al. (2014) revealed that 1 °C increase in maximum temperature leads to
decline in yield of rice and pigeon pea by 12%, sorghum by 11%, barley by 10%,
groundnut and wheat by 9%, maize by 8%, rapeseed mustard by 7% and chickpea by
4%. A 1 °C rise in minimum temperature was found to have a significant positive
impact on all crops except pigeon pea where the effect was non-significant and in
chickpea where it was negative. The net effect of temperature was found negligible
for maize and rapeseed/mustard and positive for wheat and neutral for chickpea.
Singh et al. (2017) studied climate variables and their effect on the yield of cotton,
wheat, rice, maize, groundnut and pearl millet in the Gujarat state of India for
32 years between 1980 and 2011. The study found that rice was the worst-hit crop
due to rising temperature and will continue to register reduced yields under increas-
ing temperature scenarios. For the state, with every 1 °C rise in maximum
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temperature, wheat yields were found decreasing significantly by 10%, in rice by
13% and in maize and groundnut by 9%; a rise of one degree in minimum tempera-
ture was also found negatively affecting rice, maize and groundnut yield. Rainfall
was found to have a positive impact on the yield of crops in the state more so because
the state is relatively dry as compared to the northern food-producing states of India.
However, excessive rainfall was found posing threats to the yield of all crops. Pearl
millet was the only crop that was found surviving the increase in temperature. The
yield of pearl millet was found to increase by 5% with a marginal rise in both
minimum and maximum temperatures during the study period. Mishra et al. (2017)
studied the effect on pigeon pea in the state of Gujarat and found that 1 °C rise in the
minimum temperature will reduce the yield by 4%. However, a similar surge in
maximum temperature will lead to yield decline by 20%. Rainfall was found to have
a significant positive impact on the yield of pigeon pea, but it was very low as against
the temperature effects on yield. The study suggested that hardy varieties of the crop
that can sustain high temperature should be introduced. Another study at the Indian
Agricultural Research Institute found that a 2 °C rise in temperature reduces grain
yield of wheat. The reduction in yield varies with the productivity of the region. The
regions with higher yields tend to be less affected by the temperature change,
whereas the regions with low productivity were found more affected (DEFRA
2016). Also, it was found that rain-fed areas were more sensitive to temperature
change as compared to irrigated regions. In the case of rice, a temperature rise by
2 °Cto 4 °C was found to reduce the yield, but the increase in radiations nullified the
effect as carbon dioxide increases the yield. Thus, Indian agriculture is highly
susceptible to changing climate conditions. The state of Rajasthan has been found
most vulnerable, followed by Karnataka, Maharashtra and Gujarat. A few regions in
Madhya Pradesh and Uttar Pradesh were also found vulnerable (Rao et al. 2013).

Niles et al. (2017) pointed out that the increase in GHGs has likely resulted in the
reduction of yield of rice, wheat, soybean and maize, especially in India and China.
A likely reduction in yield of wheat by 0.45 ton per hectare was found for India
(IPCC 2007) if the minimum temperature rises by 0.5 °C. [PCC (2007) also reported
that rice productivity would be severely affected by acute water shortages and high
temperature.

As far as the productivity of vegetables is considered, the potato’s productivity is
expected to decline by 18.68% by 2020 (Koundinya et al. 2014). The nutritional
requirements of our body can be fulfilled to a reasonable extent, with the inclusion of
vegetables in our daily diet. However, these crops are more susceptible to change in
the climate, which may lead to many enzymatic and physiological changes along
with the occurrences of various pests and diseases (Koundinya et al. 2014). Not only
yields but climate change may also alter the availability of inputs, especially water
for crops. Alexandratos and Bruinsma (2012) stipulated that due to climate change, it
may not be possible to harness the irrigation potential in many regions as the
availability of water resources in abundant areas may not be so in the future. This
is possible as precipitation and evapotranspiration may get altered due to climate
change. The author duo projected the increase in irrigation potential basis of these
limitations and suggested that one-third of the expansion will be in India and China.
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India alone has around half of the irrigated area among developing nations. Since the
beginning of the industrial era, the ocean waters have acidified more by almost 26%
(IPCC 2014a; Jewett and Romanou 2017). Barange et al. (2018), in one of the
technical papers, discussed the impacts of acidification of oceans as a result of
anthropogenic activities and its impact on fisheries and aquaculture. Since the
beginning of the industrial era, the ocean waters have acidified more, by almost
26% (IPCC 2014a; Jewett and Romanou 2017).

Ocean warming is also not even; for example, the Arctic is warming and
acidifying more than the Atlantic because the cold waters have high potential to
absorb CO,. This could lead to shifts in fish distribution and migration behaviour
and may affect the livelihoods of millions of small and marginal fishers and fish
workers, reducing their level of income and making them more vulnerable to these
changes. Furthermore, it may also hamper their consumption levels. Asia has a
whopping 66% share in the global inland fishery production. China leads in Asia,
contributing 20% to the production, followed by India, which contributes 13%. Low
oxygen concentration as a result of changing climatic conditions may hamper the
production of tunas in the Arabian Sea and the Bay of Bengal (Mislan et al. 2017). A
sharp decline for hilsa shed and Bombay duck, two most important commercial
species, is also expected due to such conditions (Fernandes et al. 2016).

Significant fluctuations were observed in the milk yield of cows (Das 2017) due
to a change in climate variables. Das found that the average daily, weekly, monthly
and daily total milk yield reduces by 0.886, 1.868, 2.471 and 4.375 kg, respectively,
with a unit high temperature humidity index (THI). High temperature, along with
high humidity levels, impacts the reproductive ability of cattle and buffaloes. Also,
conception rates decline with higher THI (Sinha et al. 2018).

Climate change affects both the quantity and quality of food (Cramer et al. 2014;
Zhu et al. 2018). Fluctuations in rainfall, groundwater contamination, higher
incidences of pests and insects, more residues of contaminants and metals, higher
pesticide residues, hazardous wastes, etc. hamper the food quality and further
increase the threats on food and nutritional security and may have implications on
international trade and incomes generated (Vermeulen et al. 2012). The FAO (2008)
noted that increasing temperatures would strain the electricity grids as demand for air
conditioning and refrigeration will increase. Storage costs will also double as the
refrigeration costs rise. There will be a high risk for perishable foods. The countries
with inadequate infrastructural facilities will face bigger risks to control the food
distribution systems during floods or other calamities (Ingram 2011). The transport
infrastructure is already a problem in low-income countries, so the situation will
deteriorate further if there are events like floods, drought, etc.
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3.5 How Food Security Is Affected Under Changing Climate
Scenario

The second goal under the Sustainability Development Goals focuses on food
security and promoting sustainable agriculture. Changing climate has already thrown
several challenges, which have made it harder to accomplish this goal. Food security
is one of the principal components to define sustainable development. A nation is
food-secure if the population residing there has access to the food, which is not only
sufficient but safe and accessible too. It is essential to sustain healthy living. Thus the
nation which is secure foodwise is considered a healthy society. The FAO (2006)
recognizes four major components of food security. These are:

(a) Food supply and production

(b) The accessibility of food

(c) Stability through time—successive agriculture

(d) Diversity of nutrients in the available food, i.e. food utilization

It is predicted that the per capita availability of food will reduce under changing
climatic conditions (Funk and Brown 2009). FAO estimates reveal that food security
is negatively affected due to the recent wrath of events that support climate change.
The seasonal rains are delayed in Southern Africa, and as a result of prolonged dry
periods, regional cereal output is estimated to decline by 8% below the 5-year
average. As a result of it, 12.5 million people are expected to suffer severe food
insecurity/shortages up to March 2020, which again is about 10% more than the
previous year. Ethiopia, Somalia, Kenya and Uganda are facing extreme food
shortages due to poor distribution of rainfall. This has left around 12.3 million
people food-insecure in this region. Somalia was affected by flooding between
October and November 2019. Moving to Asia, Afghanistan witnessed the worst
floods of the decade in March 2019. FAO (2018) estimates suggest that as a result of
this incidence, 13.5 million people are food-insecure in Afghanistan. Out of its
34 provinces, 22 are still recovering from severe drought conditions faced in 2018.

Agriculture accounts for around 14% share in India’s GDP and engages approxi-
mately 60% of the country’s workforce. Agricultural exports contribute between
14 and 18% of the total exports from India. This shows the significance of this sector
in the economy. More than 85% of the farms are marginal (<1 ha) to small (between
1 and 2 ha) in size. About 62% of the cropped area is rain-dependent. It shows the
susceptibility of Indian agriculture to the changing climate conditions. With the
changing climate, rainfall has turned out to be more unpredictable in recent years.
There have been increased incidences of heatwaves, drought, floods and dry spells
that may affect production systems, as discussed previously, thereby weakening the
foundation of the very first pillar of food security, i.e. food availability. At a
temperature rise by 2 °C, there are more substantial risks of reduced yield both
globally and regionally, especially in those which lie at the low latitudinal levels
(Rosenzweig et al. 2013; Porter et al. 2014; Rosenzweig and Hillel 2015). Lower
yields will eventually affect the overall availability of food to the population, thereby
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imbalancing the production vs. demand and increasing the prices of food products.
IPCC (2014Db) projects an increase in global food prices by 3—84% by 2050, due to
changing temperature and rainfall conditions. Disturbed production cycles may
increase the dependency on imports. Lower production may also result in increased
unemployment and lower purchasing power of people causing variations in their
consumption levels and pushing them more towards the line of undernourishment
and weakening the second and third important pillars of food security, which are
food accessibility and stability. Climate change may, therefore, become a barrier in
the socio-economic development of the nation, creating rural distress, widening
rural-urban income and consumption divide and pushing countries towards food
insecurity. The fourth pillar of food security is all about the utilization of food in a
way that all nutritional requirements, along with drinking water and sanitation
services, for people of all ages are met. Clean drinking water availability is consid-
ered one of the critical parameters to measure food utilization, a component of food
security. Cape Town in South Africa ran out of water in 2018. India is facing an
acute water shortage. The per capita availability of water is estimated to decline to
1465 cubic metres by 2025 and 1235 cubic metres by 2050. If it declines further to
around 1000-1100 cubic metres, then India could be declared as a water-stressed
country. Chennai, one of the biggest cities in India, ran dry due to prolonged
heatwaves and severe drought in 2019. Elsewhere, Eastern Australia has been facing
water crises since September 2019. Many towns and cities like Queensland are
approaching day zero. Due to a visible water crisis, farmers are deciding not to plant
anything and shut down the business in the short run. If this continues, one can think
about the harsh reality of climate crises and food problems. Around 2.2 billion
people globally do not get clean drinking water, as per the World Health Organiza-
tion (WHO 2018). This reflects in terms of goal six of the Sustainability Develop-
ment Goals and has long-lasting repercussions on food and nutritional security of the
country, for water is majorly used in growing crops, manufacturing, drinking,
cleaning and several activities throughout the day.

Usually, it is believed that at 2 °C rise in global temperature, a threat to food and
water availability and sustainability is severe as compared to 1.5 °C (Cheung et al.
2016; Betts et al. 2018). Regions like African Sahel, the Mediterranean, Central
Europe, the Amazon and Western and Southern Africa were found more susceptible
(Sultan and Gaetani 2016; Lehner et al. 2017; Betts et al. 2018; Byers et al. 2018;
Rosenzweig et al. 2013). Addressing the nutritional concerns, accumulation of CO,
leaches out the nutrients from the crops. It reduces the availability of minerals like
zinc, iron and magnesium and also has adverse effects on some other vitamins and
proteins in several pulses and grains. This has enormous implications not only on
humans but also on animal species that depend on plants for their food. Researches
have shown that cereal crops have shown a reduction in the levels of zinc, iron and
proteins by 3-15% globally. This may not seem an alarming situation for the
developed nations, but for the underdeveloped countries and developing countries,
nutrient deficiency is a more significant challenge. The deficiency of zinc causes a
reduction in immunity and lead to increased incidences of malaria, diarrhoea and
pneumonia. Children below 5 years of age are more susceptible to such diseases.
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According to WHO (2018), zinc deficiency causes approximately 1,76,000 diar-
rhoea deaths, 4,06,000 pneumonia deaths and 2,07,000 malaria deaths, worldwide,
every year. Around 30—60% of women in developing countries are anaemic, and this
situation will likely worsen with the non-availability of food under changing climatic
conditions. The effects of protein deficiency are even more severe. It is said to affect
the IQ level and physical as well as mental growth in children. Pelletier et al. (1993)
have documented that protein deficiency increases the mortality rate in children due
to low immunity from infections. Almost 56% of child deaths in developing
countries are due to protein-energy malnutrition. Higher CO, concentration was
found to have a negative impact on the protein concentration of wheat, barley, rice
and potato, reducing it by 10-15% in these crops. It minimizes the protein concen-
tration in soya bean by smaller yet significantly by 1.4% (Taub et al. 2008). If
unaddressed, by 2050, the impact on protein availability may turn 150 million
protein-deficient (Medek et al. 2017). We already have an alarming situation
concerning food security. This issue will be elevated if left unaddressed. FAO has
evaluated the indicators of food security region-wise, countrywide and for the world
as a whole. Income-wise, low-income and less developed economies are found more
prone to damage due to food insecurity. Region-wise, Africa, Central America,
Central and South Asia are more susceptible to the loss arising out of food insecurity.
In this section, a comparative account of food security indicators is provided, and the
inferences are drawn for India and the world. Below is the list of all the indicators
that were taken into consideration. These indicators were released by the FAO on
October 11, 2019, and are as follows (Table 3.7).

Tables 3.8, 3.9, and 3.10 present the indicators of food security for India and the
world since 2000. Data for certain years was not reported for some indicators for
India, in case of some indicators for the world as a whole. India did not report the
data for certain indicators at all. In such a case, the number for Southern Asia, the
region of which India is a part, was taken into consideration. The availability of food
does not seem to be a problem in India (Table 3.8). Foodgrain production is
increasing every year. However, the concern is that our land is limited and, with
the bulging population, the production is almost reaching a phase of getting stagnant,
and so the people remain hungry. Besides, the problems in India are not related to
production, and it’s more of marketing and distribution.

To assess the food accessibility, rail line density (Table 3.9) is one of the
indicators as the connecting network is necessary for the distribution of food along
the length and breadth of the country. While the global figures are not available,
India’s rail network is one of the strongest in the world. GDP per capita is also an
indicator of accessibility to food as it is generally considered that the increase in
income levels leads to an increase in consumption levels and a change in the
consumption from mediocre to a moderate and better diet. The GDP per capita of
the Indian population increased 70% in 2018 over 2000. Even after this, the
prevalence of undernourishment is high in Southern Asia (data for India was not
reported), higher than the global average. This indicator is FAO’s traditional hunger
indicator and reveals that even though the hunger is decreasing in Southern Asia,
there is a need to thrust on removing undernourishment among people. The number
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Table 3.7 FAO: food security indicators

A. Food availability

C.

a. Average dietary energy supply adequacy

b. Average value of food production

c. Share of dietary energy supply derived from cereals, roots and tubers
d. Average protein supply

e. Average supply of protein of animal origin

. Food accessibility

a. Rail lines density

b. Gross domestic product per capita (in purchasing power equivalent)

c. Prevalence of undernourishment, 3-year averages

d. Prevalence of undernourishment, yearly estimates

e. Prevalence of severe food insecurity in the total population, 3-year averages

f. Prevalence of severe food insecurity in the total population, yearly estimates

g. Prevalence of moderate or severe food insecurity in the total population, 3-year averages
h. Prevalence of moderate or severe food insecurity in the total population, yearly estimates
Food stability

a. Cereal import dependency ratio

b. Per cent of arable land equipped for irrigation

c. Value of food imports over total merchandise exports

d. Political stability and absence of violence/terrorism

e. Per capita food production variability

f. Per capita food supply variability

D. Utilization

a. People using at least basic drinking water services

b. People using safely managed drinking water services

c. People using at least basic sanitation services

d. People using safely managed sanitation services

e. Percentage of children under 5 years of age affected by wasting

f. Percentage of children under 5 years of age who are stunted

g. Percentage of children under 5 years of age who are overweight

h. Prevalence of obesity in the adult population (18 years and older)

i. Prevalence of anaemia among women of reproductive age (1549 years)
j- Prevalence of exclusive breastfeeding among infants 0-5 months of age
k. Prevalence of low birthweight

Source: FAO (2019)

of moderate to severely food-insecure people is rising in India over the years
(Table 3.9). About 202 million people (2014-2016 average FAO estimates) are
undernourished in India. This means that all do not access the available food or the
distribution is skewed. There is a need to set up a food distribution network in a way
that everyone gets access to food. The third indicator is food stability—India is the
net exporter of cereals. India’s 45% of arable land is equipped for irrigation, and it
shows how the country could be affected by the water stress or droughts. Of the total
irrigated agricultural area, 60% is irrigated via groundwater resources. According to
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Table 3.11 India water card: water availability 2019

Total water resources available to a population of a

Water stress index region

Water stress 153,663,296 people
Water scarcity 201,170,756 people
Absolute scarcity 262,640,492 people
Percentage of people living in water- 33%

scarce area

Total population 1,41,42,22,266

Source: Water Scarcity Clock (2019)

the World Resource Institute (2019), three-fourth of the India is under high to
extremely high water distress. This could hamper agricultural productivity and
further deteriorate the food security.

The last indicator of food security is reflected through food utilization
(Table 3.10) and exposes a worrisome situation for India. Data suggested that
more than half of the Indian women between 15 and 49 years are anaemic. About
33% people still live in a water-scarce area (Table 3.11), and 40% people do not use
basic sanitation services (Table 3.10, refer year 2017).

India has generally been considered as a politically unstable country, and the
internal unrest by different segments on the name of democracy makes the country
more vulnerable to the food-insecure situations. The fluctuations in these parameters
make the food systems unstable in the country. Despite the policies and efforts of
government and local bodies, India is way behind the global averages. This indicates
that the food is also not wisely utilized. The nutrition component is missing in the
food. This is going to worsen in the climate change scenario and should seriously
deal with it. In other low-income and more poverty-ridden countries, the food crisis
has already emerged. With climate change, poor and low-income countries of the
world may get affected as the people residing there may migrate for a better life
elsewhere. This could further pressurize food systems and create political and
internal unrests with nation-specific policies for migrants. However, migration is
what has defined humanity. The human beings migrated in search of water, food and
other non-food products in the past. They are relocating for a better standard of living
now, and they will keep migrating for ‘survival of fittest’ which is not just a theory
but a common phenomenon when the population is under distress.

Studies suggest that to increase nutritional security globally, the yearly cereal
production will have to be raised by one billion tonnes by 2050 (FAO 2009).
Different ways to adapt climate change with respect to food and nutritional
sustainability could be through:

1. Plant breeding: Breeding new varieties of crops that are climate resistant and are
more nutritious.

2. Soil management: This can be done by sequestering carbon in soil. A study by
Thin Lei (2017) estimated that global croplands can store extra carbon up to 1.85
gigatonnes each year that exceed the carbon emission by the transport sector



Climate Change and Food Systems: Implications on Food Security 97

annually throughout the world. Practicing proper crop rotation that includes

legumes, using compost, and minimizing soil disturbances can make soil health-

ier to absorb more carbon.

. Biofortification: Fortification of the food to recover the nutrient lost due to climate

change and exposure to carbon dioxide to balance the overall intake.

. Changing our food consumption pattern: Our traditional Indian vegetarian diet,

which consists of cereals, pulses and millets, lacks many pro-vitamins and

minerals, which we can get from green leafy vegetables and fruits like papaya.

These fruits and vegetables can be made available at affordable rates to people by

including it in the public distribution system.

. Gandhian Approach of self-sustainability: Mr. Mohandas Karamchand Gandhi,

or Baapu as Indians fondly remember, always emphasized nutritional security at

the village level. He motivated the villagers to become self-sufficient and grow all
the fruits, vegetables, cereals, pulses, etc. that are required to have a balanced diet.

He also motivated them to eat what is grown locally so that even the poor can

afford it. In this way, each plate would have a portion of food rich in vitamins,

minerals, protein, carbohydrates, fats and micronutrients. Issues related to food
security can also be addressed by reducing the losses at the production side and
also minimizing the postharvest losses by investing in market infrastructure,

processing, reefer vans, cold chain methodologies, etc. (Islam and Karim 2019).

The food processing industry has traditionally been emitting a lot of greenhouse

gases for relying on conventional methods. There is a need for innovative and

green practices to curb emissions throughout the food chain. Some of the ways
that can be addressed via this systems approach are:

(a) Green Processing technology: Many technologies like ultrasound technol-
ogy, ohmic heating, enzyme-assisted food preservation, high-pressure
homogenization, irradiation, pulsed electric field, etc. are green by nature.
These technologies require less temperature and time for cooking to produce
better quality, eventually reducing carbon footprints, adding to the greener
environment and preserving nutritional security (Chemat et al. 2017).

(b) Green logistics: It is an effort to minimize the damage to the environment due
to transportation, storage, distribution, inventory management and
warehousing process. It also encompasses the logistics required for waste
management. Use of electric vehicles, improvisation of operation space by
designing customized packages accordingly, moving closer to the target
customer, reusing, recycling and reprocessing the waste at the consumer
end can be considered as noticeable efforts towards sustainable and green
logistics (McKinnon et al. 2013).

(c) Green packaging: The packaging is the core problem for environmental
sustainability as it uses bubble wraps, thin films, tapes, etc. to ensure the
safety of the material inside. These plastics take almost 10,000 years to
decompose. Green packages made of paper, cloth and other biodegradable
material have been actively encouraged by organizations to reduce their
carbon footprint contribution and contribute to efforts towards a sustainable
world. Multinational companies have invested in innovative concepts like



98 R. Singh and V. Khanna

edible packaging. For example, KFC has launched a comestible cup called as
Scoff-ee Cup. It is made of biscuit coated with white chocolate and glazed
with sugar to make marketing lucrative. This package is entirely edible and
attracts more and more customers, enhancing their brand value (Strom 2015).
Air New Zealand in order to reduce onboard wastage, introduced vanilla
flavoured edible coffee cups. This also brings down the costs effectively and
reduces carbon footprint.

(d) Green consumption: It is more of an attitude where the consumers are willing
to buy the products that pose no harm to the environment. Many campaigns
have been conducted to promote green consumption and biodegradable
packaging, but as soon as the consumers get to learn the higher costs of the
finished goods, the feeling of care for Mother Nature gets subsided. The
efforts need to be made in such a way that the costs to the consumer are low,
and they can afford consuming green. Plastic bags available in the market
were priced at 0.50 INR per bag earlier that are replaced by paper bags at 5.00
to 10.00 INR per bag, which is not welcomed by a large set of population and
acts as a barrier in choosing greenways.

3.6 Global Strategies to Alleviate the Effect of Climate Change

Climate change mitigation means reducing the amount of GHGs in the environment.
Several countries have adopted using cap and trade strategy to reduce carbon
emissions to fulfil their pledge to the Paris Agreement to keep the rise in temperature
under 2 °C against the over pre-industrial levels. Expanding carbon sinks through
zero deforestation and harnessing and utilization of alternate green sources of
energy, viz. wind and solar, are also followed by many. However, the irony is that
though all of us are alerted to the call, not everyone is working towards controlling
the damage (IPCC 2014b). Here are a few examples from the nations who have
adopted various ways to decrease the carbon footprint.

Australia To control GHG emissions, Australia has introduced a carbon taxation
system. Under this the country identifies 500 worst polluters who are then taxed for
emitting more carbon. The tax is on per tonne of carbon basis and is effective since
July 2012. Australia plans to reduce total emissions by 28% by bringing down per
capita emissions 50% between 2005 and 2030 (Australian Department of Environ-
ment Analysis 2019). However, Australia has heavily been criticized for not taking
the call of destruction due to changing climate during the 2019 bushfires.

China China’s economy was heavily dependent on coal-based energy generation
until 2010. Since 2010, China has adopted a proactive climate mitigation policy as
the country felt the need to shift to renewable energy almost a decade before the Paris
Agreement. China reduced the production and consumption of coal and shifted to
solar, hydro and other renewable sources of energy. Between 2013 and 2017, China
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reduced the consumption of coal at a rate of 1.1% per year and has shifted to other
sources like gas, nuclear and hydropower. China has now emerged as one of the
leading solar and wind power technology producers in the world. China’s focus lies
on three fronts, namely, energy security, controlling air pollution and strengthening
the existing economic model. The Government of China laid regulations for the
electricity companies to buy a certain amount of power generated from clean energy
sources and has also declared subsidies to promote clean energy sectors (RE100 The
climate group 2015).

European Union (EU) The European Union pledged to enhance renewable energy
consumption in the total energy requirements and reduce the emissions of GHGs by
40% over 1990. The EU has already achieved a 22% reduction in emissions up to
2017. To achieve these targets, the EU adopted policy initiatives like putting up a
ban on the single-use plastics and emphasizing on waste management and recycling.
The EU has guidelines for all member countries which cap the carbon amount to be
emitted. The companies that emit less compared to the allowable limits can sell it to
other firms that exceed the permissible limits. The EU has also proposed a ‘Green
Deal’ package of regulations to curb GHGs. A ‘carbon border tax’ is also offered
under this deal for importing polluting goods from countries that have less strict
policies to tackle climate change (National Public Radio 2011). This, however,
remains debatable as it looks like violating the most favoured nation criteria under
the principle of free trade of the World Trade Organization. Individually, the
countries in the EU are putting their best foot forward. Paris is promoting green
transport and is building more bike lanes. The number of people cycling to work is
still low (3%), but the French Government is encouraging people to bike to the
workplace too. Around half of the electricity in Sweden is generated through
renewable energy sources. Sweden has one of the lowest carbon emissions in
Europe. Only 1% of the waste goes to landfill in Sweden as it uses advanced
incineration and recycling techniques. Denmark, too, is focusing on becoming
carbon-neutral by promoting all renewable energy sources, replacing coal stations.
The people prefer cycling and are contributing significantly to the energy saving.
Spain, too, is marching towards renewable energy. The country has proposed a $53
billion climate fund. On the other hand, Norway aims to cut its GHG emissions by
40% by 2030. The country promotes electric vehicles. Europe plans to be the first
carbon-neutral continent by 2050.

Bhutan Bhutan is the first carbon-negative country. Bhutan’s constitution makes it
mandatory to cover 70% of its land by forests. It has created green corridors so that
the animals are free to move all along the country. A landlocked and small country in
the Himalayas, Bhutan, primarily practices subsistence agriculture. The country
produces a surplus of hydropower that is exported to India and is one of the major
sources of foreign reserves. Rising temperatures have caused several glaciers to melt
in Bhutan. Floods have caused disasters. All this reflects that the actions of one
country may cause havoc in another country. Yet, the committed carbon sink (70%
forest cover) has helped Bhutan to remain carbon-negative. Bhutan’s primary thrust
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is on hydropower generation, development of the industrial sector and agricultural
prosperity to assure sustainable development of the country.

3.7 The Indian Way

Climate change sustainability, mitigation and adaptation have been India’s focus for
long. The country promotes clean energy and the use of clean technology to a large
extent. The market for energy efficiency is estimated at US$ 22.81 billion. In 2001,
India enacted the Energy Conservation Act to reinforce energy efficiency. The act
established the Bureau of Energy Efficiency (BEE). The BEE has energy efficiency
schemes for each of the sectors. To manage the demand side, the BEE had launched
various schemes for the agriculture sector, municipal bodies and distribution
companies. To strengthen the efficiency in the agriculture sector, the BEE also
entered into a memorandum of understanding (MoU) with the Indian Council of
Agricultural Research. Through this, the BEE aims at creating awareness about the
energy-efficient pumps and their low-cost use on farms. Furthermore, India has
explored three scenarios to estimate its energy-saving potential. The first scenario
is the least effort scenario, i.e. without any technological and policy intervention. In
this scenario, no change in fuel mix was proposed, i.e. the country’s situation at the
time of proposing the policy. Scenario II is about slight changes at the technological
and political levels. Technology-wise the scenario calls for a mix of renewable
energy and electricity-based energy use over fossil fuel use in various demand
sectors. This is the scenario in which India expects to achieve the targets set for
different programs for efficient utilization of energy by several sectors. In the end is
scenario three, which calls for aggressive technological and policy push. For tech-
nology, this scenario calls for aggressive fuel mix and a shift towards renewable
sources of energy. This is the scenario in which the program targets will be
overachieved (Ministry of Finance, Economic Survey 2018-2019). Under each of
these three scenarios, the energy-saving potential for various sectors was estimated.
It was found that even with the most aggressive efforts, India’s potential for energy
saving is enormous. The projected energy saving in the three scenarios is shown in
Table 3.12.

The focus of India’s strategy is on the cleaning of exploited natural resources and
resource efficiency policies. India has invested heavily in renewable energy
resources. The cumulative wind power capacity has exceeded 36 GW. Under the
National Solar Mission, the solar power-installed capacity was increased signifi-
cantly. By March 2019, India’s hydro potential was only 31% utilized, and it leaves a
bigger room for the country to harness the remaining hydropower potential, which is
more climate-friendly against the conventional ways of power generation. Not only
this but the electric vehicles are also making their way in India. Not just this, in 2008
the country devised its own National Action Plan on Climate Change (NAPCC),
which is all about reducing the emission intensity of the gross domestic product by
20-25% between 2005 and 2020. In 2014, India had already brought it down by
21%. The estimates from India’s Ministry of Environment, Forests and Climate



3 Climate Change and Food Systems: Implications on Food Security 101

Table 3.12 India’s energy-saving potential in various demand sectors in 2031

Least effort Moderate savings Aggressive savings
Sector Mtonne Mtonne Per cent Mtonne Per cent
Agriculture 64.4 5.7 9 9.9 15
Commercial 232.9 15.8 7 23.8 10
Domestic 98.6 12.1 12 15.1 15
Commercial 29.5 4.9 7 6.4 22
Municipal 8.0 0.9 12 1.5 19
Industries 443.4 47.5 11 72.3 16
Total (Mtonne) 876.8 86.9 10 129.0 15
Total (TWh) 10,198 1010 10 1500 15

Note: TWh = terawatt hour
Source: Ministry of Finance, Economic Survey (2019)

Change (Economic Survey 2019) reveal that the country emitted 2.607 billion tons
of CO, equivalents, out of which natural carbon sinks offset 12%. The maximum
emissions were from the energy sector (72%), followed by agriculture (16%). Waste
also emits around 3% of CO, equivalent. Remaining 8% is emitted by industrial
processes and product use.

The NAPCC plan also dealt with adaptation requirements and scientific planning
to combat climate change. On similar lines, the states and Union Territories of India
framed State Action Plans on Climate Change (SAPCC). Overall, India has
33 SAPCCs in force. In 2014, the Climate Change Action Programme (CCAP)
was launched to build capacity for climate change assessment, create a suitable
institutional framework and implement all plans on the ground for sustainable
development. The 3-year budget outlay (2017-2020) for the scheme was 132.40
crores. Furthermore, in 2015, the country created a National Adaptation Fund on
Climate Change to help vulnerable regions and to cover their cost of adaptation to
the changing climate. The scheme is to continue until March 2020 and includes
sectors such as agriculture, forestry, eco-diversity, animal husbandry and water.

India has ratified the Paris Agreement, an essential feature of which is the
contribution of each country to mitigate the risks of climate change and reduce
carbon footprint, to the best capacity. This is called a Nationally Determined
Contribution (NDC). India has prepared its NDC. However, climate funding remains
a challenge as the country has so much diversity, and several technological
advancements are going on. According to some studies, by mid-century, the cost
of adaptation and mitigation to climate change may reach US$ 1 trillion per annum.
The multilateral climate change funds that were pledged during the Paris Agreement
are still falling short. India’s NDC states need of US$2.5 trillion (at 2014-2015
prices) between 2015 and 2030. Climate financing thus remains a more significant
concern.

The world aims to end global hunger by 2030, and India’s role is crucial in it as
we are home to more than a billion people out of the total 7 billion on earth. While
the numbers suggest that more than 200 million in India still remain undernourished
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(2014-2016 average) and people suffering from acute food insecurity are around
10% of the population, eliminating hunger is a tedious task that too when we face the
challenges arising out of climate change. The shrinking Himalayan glaciers which
source the Ganges, the major lifeline of India, and many other rivers could turn out to
be a bane as this may result in an expansion of deserts, retreating rivers, droughts,
floods, etc. which will hamper the food security. The Government of India has
various schemes and programmes to attain and sustain food security. The
programmes are related to the improvement of soil health (Soil Health Card
Scheme), expansion and improvement of irrigation facilities to expand cultivable
land and enhance productivity, schemes to provide food to low-income population
(Annapurna Scheme, Antyodaya Anna Scheme, Food Security Act) and the schemes
to cover risks related to crop failure (Prime Minister Crop Insurance Scheme). India
also has a midday meal programme to promote enrollments in primary schools and,
at the same time, provide food security to all kids. There are several programmes in
place. However, effective implementation at each stage is needed to make sure that
the food and nutritional security of the population can be improvised.

3.8 Suggestions at Different Levels

India is a developing nation, and with development, there are apparent costs to be
borne. The nation’s economic growth is directly proportional to its per capita
emissions. As the standard of living increases, the emissions tend to increase due
to the haphazard usage of coal and other natural resources. Climate change has
already caused irreversible changes to the environment, and now when we have
realized this, we need to have a strategy so that further damage can be controlled.

Many mitigation strategies have been suggested by the United Nations, IPCC
(2014c), European Union and International Financial Institutions, which have been
discussed in this chapter. These strategies cannot be successful unless implemented
at three levels: individual level, national level and global level.

3.8.1 Individual Front

We all are responsible for this scenario of global warming by exploiting the earth’s
resources for our comfort and development. Now, it is our job to create a sustainable
plan for the survival of our future generations. Our efforts will be like a drop in the
ocean and may not yield immediate results, but a population of 7.8 billion people
taking steps towards climate resilience may help us to maintain global warming
below 2 °C.

There is a need for climate education among the people and making them
responsible for the outcomes. Creating awareness among the public could change
their way of thinking towards the non-renewable resources. Children should be
educated to respect forest and rivers and promote forestation. Many researchers
have suggested that minor steps like reduction in travelling, growing our own food,
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Table 3.13 Technical mitigation potential of changing diets by 2050 according to a range of
scenarios examined in the literature

GHG
mitigation
potential
(GtCO2-
Diet Composition eq yr-1) Researcher
Vegan No animal source 7.8-8.0 Springmann et al. (2016),
Stehfest et al. (2009)
Vegetarian | Grains, vegetables, fruits, sugars, 4.6-7.2 Springmann et al. (2016),
oils, eggs and dairy, and generally Tilman and Clark (2014),
at most one serving per month of Stehfest et al. (2009)
meat or seafood
Flexitarian | 75% of meat and dairy replaced by | 5.2-5.4 Springmann et al. (2018),
cereals and pulses; at least 500 g Hedenus et al. (2014)
per day fruits and vegetables; at
least 100 g per day of plant-based
protein sources; modest amounts
of animal-based proteins and
limited amounts of red meat (one
portion per week), refined sugar
(<5% of total energy), vegetable
oils high in saturated fat and
starchy foods with relatively high
glycaemic index
Healthy Based on global dietary guidelines | 2.8-6.4 Springmann et al.
diet for consumption of red meat, (2018a), Bajzelj et al.
sugar, fruits and vegetables and (2014)
total energy intake
Fair and Global daily per capita calorie 0.7-7.3 Bajzelj et al. (2014)
frugal intake of 2800 kcal/cap/day
(11.7 MJ/cap/day), paired with
relatively low level of animal
products
Climate 75% of ruminant meat and dairy 34 Hedenus et al. (2014)
carnivore replaced by other meat

Source: Mbow et al. (2019)

going vegan, using more renewable energy like natural gas and solar-based equip-
ment, the use of fresh and local food, etc. should be practiced to reduce carbon
emissions at the individual level (Table 3.13). However, the question remains how
can we make sure that lowering emissions at an individual level will also help us in
staying food-secure. Mbow et al. (2019) presented the mitigation potential of several
diets, as researched by several scientists. It was found that the vegan diet has a
reduction potential (Springmann et al. 2016) of the reduction potential of 8 GtCO2-
eq yr—1, maximum of all possible diet combination. Stehfest et al. (2009) suggested
that under the vegan food for all scenario, sufficient food could be produced in 2050,
that too from relatively lesser land than what is available today. However, it is
possible only when forests are regenerated, and GHG emissions are reduced to about
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a third of the ‘No Change or Business as Usual’ scenario. This will reduce the
reductions to around 7.8 Gt CO2-eq yr—1. FAO (2018), however, suggests that all
diets should include nutrients, including micronutrients, as complementary to make
sure that nutritional security is not disturbed. Besides this, on the individual front, the
scientists and researchers have been working on improving the performance of
equipments since long to curb the issue of carbon emissions and inventing energy-
efficient refrigerators and cars, but the overall carbon emissions are still increasing as
the number of vehicles per household is increasing, and people are commuting
longer distances for work and leisure. The demand for such luxuries and immature
spending of resources has to be governed in order to regulate the productions.

We need to opt for greener options for all our needs. Shifting near to the
workplace and commuting on bicycles or in public transport instead of personal
cars could be incentivized. Preference could be given to the local products, and the
concept of healthy kitchen gardens should be promoted. Consumers should focus on
having a balanced diet that would emit less carbons per calorie of food, as discussed
before. Also, a one-child policy should be implemented to reduce the consumption
of the resources and control population growth further.

3.8.2 National Level

Since 1750, developed nations have contributed to about 70% of the carbon
emissions on account of uncontrolled and unregulated industrialization (Friedrich
and Damassa 2014). A developing nation, on the other hand, faces enormous
challenges towards their growth and development that encompasses all three—
agriculture, manufacturing and services sectors of the economy. As the economy
grows, disposable incomes rise, and development is unavoidable due to an increase
in disposable incomes, living standards and globalization, but the real challenge is
development without contributing to climate change or operating under the permis-
sible limits. However, developing nations do not have sufficient alternate
technologies to mitigate climate change. Also, food sustainability is a more signifi-
cant threat as the existing ways of making food sustainable for the growing popula-
tion are all going to exhaust energy resources leading to climate change. So, we need
a more significant course of innovation here.

India has promised in the Paris Agreement that by 2030 it will cut down its
emission per unit of GDP by 33-35% as compared to 2005 (Climate Action Tracker
2019). To achieve this target, the biggest contributors have to be identified, and their
usage has to be limited or banned. National-level policies can be made to levy extra
charges on the usage of non-renewable sources like coal, petroleum, etc. The three
major contributors to carbon emission in a developing nation are the energy genera-
tion sector, industrial sector and agriculture and food sector. Countries have to revisit
their policies for the same and waste management practices.

For energy generation, countries should focus on hydro-based power, solar
energy and wind energy and prohibit the usage of wood and coal. The second
most crucial sector is the industrial sector. This sector has lifted millions of people
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out of poverty and provided them employment. However, the sector has substan-
tially contributed to GHG emissions globally. The sector needs to develop ways to
promote climate resilience for sustainable growth. This sector should focus on the
vulnerable sections by providing them the necessary infrastructure, food security and
service to increase their resilience towards climate change. Public-private partner-
ship models need to be assured to ensure efficient technology transfer, attract
investments in various climate-resilient sectors and apply the best industrial practices
to become a responsible corporate. The complete value chain has to be reformed
from raw material quality to waste management practices.

In the case of agriculture and food sector, the existing subsidies that the govern-
ment is giving should be redirected towards the usage of green technologies.
Fertilizer subsidy and minimum support price on certain crops in India promote
farmers to grow water-intensive crops and increase productivity (ET Bureau 2019).
These subsidies should be diverted towards drought- and temperature-resistant crops
and encourage the use of solar power for farming practices (GOI 2008).

3.8.3 Global Front

There are many fronts on which global countries should work, like energy creation,
infrastructure, transportation, land, industry and finance. Adoption of renewable
sources up to 30% of the global electricity generation in 2020, green infrastructure
like decarbonized buildings with zero emissions and the electricity-based common
transportation system should replace the existing system, and motivation should be
given to the usage of public transport and reduction of deforestation with a focus on
sustainable crops that help binding carbon dioxide to the soil. For all these efforts,
funds are required, and so [PCC (2014c) has suggested collecting a Green Climate
Fund by introducing various tariffs and market-based financial schemes to increase
investment in clean energy. Approximately one trillion US $ per year will be
required to be invested in climate mitigation solutions.

Every country has its strategy to resolve the issues coming up with the change in
climate, but this is a global issue, and the whole world is required to come together to
manage this challenge effectively. There is a mean carbon budget of 600 gigatonnes
left to emit in order to reach a situation where the average temperature rise would be
more than 2 °C. All the countries undertook the targets during the Paris Agreement
which are still not fulfilled by many countries. We are still far away from achieving a
net-zero carbon emission state. The countries who have achieved their targets and
are having even better reductions as promised in the agreement receive carbon
credits, and these credits can be traded off with countries who are having a shortfall
and get financial or technological help in return. This carbon trading could be a
win-win situation for both parties and for the world as we will achieve our overall
target of reducing carbon emission without compromising the development part. To
achieve these targets, we need substantial technological as well as behavioural
transformation.
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3.9 Conclusion

According to the United Nations, only 10 years are left to tackle climate change. If
strong actions to reverse climate change are not taken by 2030, it would rather be
difficult to prevent the earth from the climate-related downfall. Studies suggest that
anthropogenic activities have contributed positively to climate change. Various
reports indicate that humans have caused massive destruction to plant and animal
life and have disturbed the ecological diversity by harming the land, air and water
resources. But humans need other species—plants and animals—to thrive
on. Biodiversity helps establish the earth’s equilibrium by balancing different food
chains. While food systems have changed climate, changing climate has affected
food systems too. All that is needed is to adopt a systems approach to the problem
and address all aspects. A systems approach will also help to resolve food insecurity.
Agriculture’s contribution to the GHGs could be mitigated by the adoption of proper
livestock and crop management practices. Soil conservation and carbon sequestra-
tion ways should be considered. Efforts should also be made to predict the occur-
rence of droughts, storms, earthquakes, etc. to minimize the destruction and resulting
crop loss. This, alongside, the efforts, should also be made to save energy across
supply chain activities. Resources, including water, should be used very efficiently.
People should be educated about healthy diet and economic costs of an
impoverished diet and unhealthy living style. Diets that are low on carbon footprint
should be preferred. This is recommended as livestock rearing is highly water
consuming and greenhouse gas emissions are much higher. Approximately
15,000 L of water are used to produce 1 kg meat, whereas only 1250 L of water is
sufficient to produce 1 kg of grain. Hence, cereal-based diet reduces the impact on
climate by 7 to 12 times as compared to non-vegetarian food. Also, the emphasis
should be given to the consumption of food in natural form as mass processing leads
to wastages, which increase the carbon footprint. Reduction in wastage of food at
each level of value chain like harvesting, storage, processing, transportation, etc. can
increase the global food and nutritional security ratio and can feed millions of people
in an economically viable manner.

Wastages should instead be brought down to zero. In order to save the food
systems from the changing climate, biotechnology and other innovative ways are
required to develop crop varieties that are hardy, drought-tolerant and temperature-
resistant. Furthermore, the diversification should be promoted, especially on small
farms in countries like India, wherein around 85% of farm holdings are <2 hectares.
Good agricultural practices should be followed, and universities, industries and the
government should adopt a collaborative approach to resolve the issues of yield
destruction under changing climate scenarios. The contingency plans must be
prepared given the climate challenges and should be promoted under contingency
situations.
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Abstract

A distinct but complex relationship exists between climate, food, and nutritional
security of human beings. Climate change impacts agriculture, livestock,
fisheries, etc. reducing its productivity and yield leaving an adverse effect on
the economic condition of the people, which in turn affects food availability,
accessibility, and utilization. With increased food and nutritional insecurity, the
nation is at risk of higher malnutrition. To address these insecurities, all sectors
like agriculture, food, environment, health should join hands. Various solutions
can be taken up for tackling the problems like diversification of agriculture,
leading to diet diversification and introduction of innovative alternative nutritious
food sources. Bringing into limelight the underutilized fruits, vegetables, cereals,
and grains could help reach food and nutritional security. Blending indigenous
knowledge and scientific understanding can pave ways to improve the utilization
of existing resources. Value addition of empty-calorie food with food wastes
obtained during processing such as vegetable and fruit peels, cereal brans, etc. can
increase the nutritional quality of such food products contributing to nutritional
security. To remove food and nutritional insecurities, nutrition education will
render a helping hand alo with the capacity building of people.
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4.1 Introduction

Climate change significantly influences agriculture, forestry, livestock, health, etc.
Climate changes have not been defined universally in a concrete way. It is referred to
as “change in the state of the climate that can be identified (e.g., by using statistical
tests) by changes in the mean and/or the variability of its properties and persisting for
an extended period, typically decades or longer” (IPCC 2014). According to
UNFCCC, “climate change is directly or indirectly attributed to human activities
in addition to natural climate variability that alters the composition of the global
atmosphere over comparable periods.” This separates climate variability associated
with natural causes from anthropogenic activities caused by climate change. A
general term by WMO (World Meteorological Organization) encompasses all the
inconsistencies in climate despite their statistical nature and physical cause. A more
restricted term used by WMO (1992), updated in 2005, suggests climate change as
“significant change, with important economic, environmental and social effects, in
the mean values of a meteorological element (particularly temperature or amount of
precipitation) during a certain period, where the means are taken over periods of a
decade or longer” (FAO 2008). WMO uses an average period of 30 years that helps
to eliminate the climate variations within year to year.

Human activities fuel climate change significantly. It has accelerated the process
of global warming by releasing greenhouse gases (GHGs) through fossil fuel
ignition, changing earth’s average temperature. Industrial revolution escalated
quantities of GHGs like carbon dioxide, methane, nitrous oxide, etc., creating a
blanket effect trapping the heat on earth’s surface. Global average temperature rise
recorded by the Goddard Institute for Space Studies (GISS) is up to 1 °C since 1880
(NASA 2020). Influences of climate change are already obvious, like a rise in
surface temperatures, melting glaciers leading to rising sea level, heat and cold
waves, drought, and declining quality of water and air (Riebeek 2010). All these
factors affect agriculture as it is closely related to and depends on weather and
climate. Agricultural production is adversely affected by climatic conditions like
drought, floods, heat waves, cold waves, etc. (Niles et al. 2017). Agriculture is
deeply intertwined with food systems. Both agriculture and food system have
impacted climate change and vice versa. Food systems contribute approximately
19-29% to the world’s GHGs out of which 80-86% is contributed by agricultural
activities (Vermeulen et al. 2012). Soil erosions and deforestation also contribute to
climate change (Niles et al. 2017). Food systems include all the activities related to
production, processing, distribution, preparation, and consumption of food and their
interactions within and between biogeophysical and human environments, and they
enclose the effect of these acts on food security, viz., (1) food availability related to
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production, distribution, and exchange; (2) food access related to affordability,
allocation, and preferences; and (3) food utilization associated to nutritional and
social value and food safety (GECAFS 2005). Vermeulen et al. (2012) reported that
the food systems affect climate through its pre- and post-processing, storage (chill-
ing, cold storage), transport, and wastage (wastage during production, processing,
storage, transport, and also plate waste). Food security is defined as “all people, at all
times, have physical and economic access to sufficient, safe, and nutritious food to
meet their dietary needs and food preferences for an active and healthy life” (FAO
1996) and is supported by food systems. Thus, it can be understood that food
security can be reached by fulfilling four dimensions: availability, accessibility,
utilization, and stability.

Food insecurity can lead to compromising the nutritional status of individuals
leading to nutritional insecurity. Food security and nutrition security go hand in hand
and share a complex relationship (Hwalla et al. 2016) emphasizing on nutritional and
health components of individual or community with access to a wholesome and
adequate diet and clean drinking water, combined with hygienic and excellent
health-care services for all individual members of the community (FAO, WFP and
IFAD 2012). In this era of climate change, where the burden of undernutrition and
overnutrition exists, it is the need of the hour to adapt agricultural practices and diets
for achieving food and nutritional security.

4.2 The Linkage Between Climate Change, Agriculture, Food,
Nutrition, and Health

Agriculture, food, nutrition, and health go hand in hand and share a complex
relation. If food production is insufficient, then it may lead to hunger and malnutri-
tion. The linkage between agriculture, climate change, food system, nutrition, and
health is illustrated in Fig. 4.1. Anthropogenic actions are one of the major reasons
for climate change that are rapidly affecting the composition of the global atmo-
sphere. Emission of GHGs has resulted in increased temperature, which in turn has
accelerated melting of glaciers, rise in sea levels, and extreme weather conditions,
viz., frequent and intense floods, dry spells, storms, etc. Agricultural activities and
allied sectors like livestock production, fisheries, etc. get affected and add up to
climate change. The extensive application of synthetic fertilizers is one of the prime
contributors of GHGs from the pre-production activities. Animal feed production
from livestock fields accounts for 45% of emissions (Vermeulen et al. 2012).
Agricultural activities are dependent and deeply intertwined with local climate and
weather, e.g., rainfall, temperature, and winds affect crop production, productivity,
and cultivation. Elevated temperatures and resulting heat stress, elevated CO, levels,
extreme weather events, pests, changed rainfall patterns, etc. are affecting agriculture
and food production (FAO 2008; Otieno et al. 2013; Thornton et al. 2018). All the
abovementioned changes are adversely affecting food supply locally and globally.
Agriculture not only is the main provider of food, which satisfies the basic human
need, but also generates employment for 36% world population and 40-50% in Asia
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Fig. 4.1 Climate change linkages between agriculture, nutrition, and health

and the Pacific (FAO 2008). Around 78% of the world’s poverty-struck people
reside in rural sectors depending majorly on farming (World Bank 2014). Thus, the
negative consequences of climate change on farming also affect a population’s
socioeconomic status, which further reduces their purchases and buying ability
resulting in inadequate consumption. Reduced food supply, consumption, purchas-
ing power, and accessibility results in hunger and malnutrition. The food system and
environmental conditions are also affected by climate change, further risking human
health as a whole. Post-production activities in food system such as processing,
distribution, cold chain, and marketing also pitch into climate change. These account
to long-term effects of climate change on all the four dimensions of food security
(Vermeulen et al. 2012; Masipa 2017). Increased frequencies of rainfall, floods, heat
stress, etc. may damage the roadway and railway infrastructure, compromising the
transport of food and food distribution. This will reduce access to food to certain
groups of the population (Rao et al. 2017). Environmental health conditions related
to sanitation and hygiene are at risk with changing climate. Changes in rainfall pose a
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threat to water availability. A shift in rainfall may cause the risk of water scarcity and
unavailability of good quality water. Climate change may also increase incidences of
food-, vector-, and water-borne diseases affecting health and diminishing nutrient
absorption leading to a vicious circle of malnutrition. Vector such as mosquitoes,
flies, and ticks can carry pathogenic bacteria and viruses causing various diseases
and infections. Altering air composition due to climate change might lead to
increased allergies, asthma, respiratory tract problems, and also cardiovascular
problems in the population (USGCRP 2016).

4.3 Urbanization Influence on Climate, Agricultural
Production, Lifestyle, and Consumption Pattern

The concept of “urbanization” has been explained by the theory of modernization of
infrastructure (Srivastava 2017). It is referred to as a shift of population from village
areas to metropolitan cities (McGranahan and Satterthwaite 2014). The process of
urbanization started with the industrial revolution. It is estimated that 6 billion will
dwell in urban areas due to urbanization by 2050 (McCarthy et al. 2010). Urbaniza-
tion is associated with economic growth (Regmi and Dyck 2001) and better-
centralized infrastructure, educational systems, and health facilities (Knorr et al.
2018). It has a significant effect on lifestyle both in positive and negative ways. On
one hand, it is associated with economic growth, but on the other hand, it also poses
challenges of income inequalities, environmental burden, health issues, and increase
in urban poor population. It affects the rural-urban dynamics. Urbanization has
always posed a risk on the environment due to pollution, overburden on resources,
unplanned expansion of metropolitan cities, urban heat islands, etc. Land use
changes with urbanization resulting in the creation of heat islands (Zhou 2004).
Regions with a high growing population in urban areas also have the potential to
cause urban heat island causing a dramatic effect on the health of the people. These
urban heat islands in populous cities have to project been shown a similar or greater
climate change effect as compared to that of GHG emissions (Stone 2007;
Campbell-Lendrum and Corvalan 2007). Thus, urbanization can be associated
with warming, increased CO, emission, and extreme heat events resulting from
increased energy consumption, use of electrical appliances at home and in industries,
ever-growing vehicle congestion on roads, etc. (Pigeon et al. 2007; McCarthy et al.
2010). The health of the urban population is also at risk due to floods and storms
resulting because of housing construction with a poor quality, unplanned, inade-
quate, and improper drainage system. In such situations, heavy rains, resulting in
flash floods and water logging, make people vulnerable to water- and vector-borne
infections (Campbell-Lendrum and Corvalan 2007).

Urbanization also decreases the direct interaction of people with food production
as they are not involved with farmers or in any food production activities (Jennings
2015). Urbanization also has affected the food demands, consumption patterns,
lifestyle due to increased working hours, and per capita income of the population
(Regmi and Dyck 2001; Jennings 2015; Knorr et al. 2018). Convenience ready-to-
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eat food and processed foods high in fat, salt, sugars, etc. have become parts of the
diets accompanied with less physical activity, sedentary lifestyle, and stress increas-
ing the risk of non-communicable diseases like metabolic syndrome X, diabetes,
cardiovascular diseases, increased obesity, etc. (Fig. 4.2).

4.3.1 Effect on Agriculture and Allied Sectors

Agriculture faces a negative impact due to climate change in low-latitude and
tropical areas especially affecting major staple cereals (wheat, rice, etc.). In contrast,
there might be some beneficial effects for crop production in high-latitude regions.
The decline in agricultural productivity is estimated to affect more in regions like
sub-Saharan Africa (9% decline) (Masipa 2017). Several studies conducted reveal
agriculture being adversely affected in countries like Kenya, India, and Korea
(Otieno et al. 2013; Chakrabarty 2016; Cenacchi, et al. 2016) (Table 4.1). Cereals
are a staple diet for the majority, and changes or decrease in cereal crop production
affects availability and distribution. Smallholding farmer groups are highly at risk,
especially those depending on rainfed farming due to the changing seasonality
exerted by climate change. A rise in CO, levels in the atmosphere might indirectly
affect the nutritional composition of crops such as cereals, pulses, legumes, and
beans, reducing nutrients, viz., protein, iron, zinc, and calcium (Tirado et al. 2013;
Myers et al. 2014; Thornton et al. 2018; Hummel et al. 2018; Beach et al. 2019). This
will indirectly affect the nutritional status of human beings. Animal fodder also gets
affected nutritionally, reducing milk and meat yield (Thornton et al. 2018). This will
adversely affect the livestock sector. Undernutrition, coupled with obesity and
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Table 4.1 Summary of direct and indirect consequences of changes in climate

Changes in climate
Agriculture and allied sectors
Rise in temperature

Extreme climatic events
Altered rainfall

Heat and cold waves
Droughts

Increased floods
Storms/change in wind
patterns

Water and sanitation
Increased floods coupled with
an improper drainage system
and urbanization, releasing
untreated wastewater in local
water bodies

Altered rainfall pattern

Food systems

Extreme climatic events
Increased floods
Storms/change in wind
patterns, erratic rainfalls
damaging connectivity

Effects on

Reduced crop yields, crop
production

Reduced production of
livestock

Water shortage for irrigation
Degradation of soil

Unhygienic water
Water shortage for drinking

Decreased production

Food wastage (from
production to consumer plate
waste)

Improper transportation
connectivity due to floods,
extreme climate events
damaging road and railways

End results

Reduced income from
agricultural sources

Increased food prices
Reduced affordability
Decreased food access
Leading to conditions of food
insecurity

Adverse impact on health of
farmers, agricultural labor
Adverse impact on fisheries

Health problems associated
with water-borne diseases
Scarcity of clean drinking
water

Increase in vector- and food-
borne diseases

Reduced food availability,
increased food prices,
decreased food consumption
especially by poor

Alerted nutritional and health
status

hidden hunger, i.e., micronutrient deficiencies, still prevails even after continuous
ongoing efforts with a slight reduction in malnutrition over the past few decades. In
addition to this, decreased nutritional composition of plants will further contribute to
malnutrition and slow down the process of attaining food and nutritional stability,
especially in Asian, Middle Eastern, and North African countries. Climate change
via extreme events may even have a deleterious impact on the health of farmers,
agriculture, and fisheries due to extreme heat, droughts, inadequate drinking water,

etc. (Meybeck et al. 2018).

Challenges Faced by Agriculture and Allied Sector

e Changes/decrease in the production of crop: e.g., production of rice, maize,
wheat, and cash crops like cocoa and coffee is affected in many regions.

* Changes in nutritional content: Crops produced may be rich in carbohydrates and
deficient in other nutrient content, viz., protein, iron, zinc, and calcium. Even the
forages and fodder will have similar effects of reduced nutritional content.

¢ The decreased nutritional content of fodder, leading to reduced livestock produc-

tion and milk yields.
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4.3.2 Effect on Food System

A food system includes all agricultural activities, transport and intake, and these
together affect food and nutrition security (Table 4.1). As discussed earlier, declining
production and increasing population will cause stress on food availability that is
defined by FAO (2008) as “physical quantities of food produced, stored, processed,
and transported.” It also includes imports and exports and is calculated using food
balance sheets. It accounts for net food remaining after deducting exports from
production, stock, and imports of all items included in food balance sheets (FAO
2008). The growing population increases the number of households to be fed. When
this is coupled with decreased agricultural production and an increase in food
demand, the food prices also tend to increase, leading to reduced food availability
forcing the poor to buy and consume less than their requirements. This will, in turn,
result in food insecurity by affecting the nutritional status of individual and increase
malnutrition (Nelson et al. 2009). Inadequate consumption increases the risk and
vulnerability to infections due to malnutrition and compromises body’s ability to
absorb nutrients (Crahay et al. 2010). According to FAO (2009a), food-deprived and
hunger-struck population almost exceeds 1 billion globally.

On one hand, it is estimated that agriculture production should increase more than
60% for fulfilling the demand for the increased population. Still, on the other hand, it
also should be noted that out of the current production, one third percent of the edible
food portions is wasted or lost every year (Meybeck et al. 2018). The wastage can
take place right from the production site, such as harvesting losses, processing losses
due to lack of processing technology, and storage losses due to inadequate
warehouses, storage facilities, and plate wastes. The wastes contribute to GHG
emission, via., the landfill sites affecting climate change (Vermeulen et al. 2012).
Higher temperatures can affect the shelf life of food, especially perishable items.
Lack of proper transport facilities, viz., lack of road and rail facilities, may also
contribute to food losses and wastage as a result of poor transport from its production
site to the consumers. This may also limit the food access and increase food prices,
again affecting the utilization of food by the consumers away from production sites.

4.3.3 Effect on Water and Sanitation

Safe and hygienic water, along with sanitary conditions, are needed to maintain
health and nutrition. With changing climate and alteration in rainfall, the surface
water resources are getting depleted (Table 4.1). It affects not only the quantity but
also the quality of water IPCC 2001; Crahay et al. 2010). Climate change, along
with urbanization, adversely affects water quality with increased pollutants due to
untreated drainage water, which may end up in local water bodies, leaving the water
bodies polluted (USEPA 2002; Franco et al. 2018; Cullis et al. 2019). Increased
frequencies of flood may pitch in unsanitary conditions leading to a spike in water-,
food-, and vector-borne disease incidence, e.g., malaria, dengue, etc.
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4.4 Transformation in Food Consumption Pattern and Its
Consequences on Climate Change, Food, and Nutrition
Security

The food consumption pattern is based on culture and food availability, determining
individuals’ nutritional and health status (Prabhat and Begum 2012) (Table 4.1).
Diets have been changing due to increased urbanization associated with a sedentary
lifestyle and increased income (Regmi and Dyck 2001; Popkin et al. 2012; Tilman
and Clark 2014). Global nutrition transition with changed diets of individuals is
evident over the period of several decades (Ghattas 2014). They have become more
calorie-dense (Niles et al. 2017), especially in high-income countries. Some studies
also suggest that the calorie intake of individuals, e.g., in Portugal, people have
increased above recommended intakes (Galli et al. 2017). There is an increase in
consumption of meat, processed and packaged convenience ready-to-eat products,
bakery and confectionery items, energy-dense foods, etc. (Tilman and Clark 2014;
Ghattas 2014) resulting in increased prevalence of non-communicable diseases like
obesity, diabetes, cardiovascular diseases (CVD), and hyperlipidemia, lowering the
life expectancy of the individual (Ng 2014; Popkin et al. 2012).

Urban dwellers’ meat consumption pattern was found high than among the rural
population in nations like China, Indonesia, Pakistan, etc. (Regmi and Dyck 2001). It
has also upsurged the intake of meals outside the house, e.g., fast-food consumption
at food joints, eating in restaurants, mobile food trucks, local food vendors, etc.
(Knorr et al. 2018). Changes in lifestyle have also resulted in increased snacking
habits like consumption of fried foods, bakery and confectionery products, and
processed foods (Tefft et al. 2017). Urbanization provides a wide range of market
for the purchase of food, but the urban poor still consumes limited food products due
to a limited budget. Because of increased and irregular working hours of both men
and women, there is limited time to prepare meals at home. Thus, they popularly
prefer energy-dense foods; easy-to-prepare or ready-to-eat, convenience food; or
eating outside the home (Jobbins and Henley 2015). Processed and packaged foods
are gaining lots of attention due to their high palatability, advertisement promotion,
and availability in various outlets, thus growing faster in low-income nations
compared to high-income nations (Tefft et al. 2017).

Diets of people significantly affect GHG emission from a food system
(Aleksandrowicz et al. 2016). Analyzing the effects of these changing dietary
patterns and food consumption trends on food and nutrition security is vital. Diets
with higher animal products have high GHG emission compared to plant-based
diets. Reduction in animal-based foods and focus on vegan, vegetarian, and
pescatarian diets may positively influence the environment. Vegan diets had a higher
capacity to reduce emission of GHGs. More than 70% reduction in GHG emissions
and land usage and a 50% reduction in water usage were observed as a result of a
shift in western to environmentally suitable dietary patterns (Aleksandrowicz et al.
2016).

The varying diets and shift from nutrient-dense meal to consumption of energy-
dense meals coupled with a sedentary lifestyle are increasing the burden of
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malnutrition with overnutrition leading to obesity and related complications.
Increased consumption of processed foods and ready-to-eat foods adversely affects
the climate with the emission of GHGs during processing and also affects the health
of an individual, putting them at a higher risk of nutritional insecurity. Diets only
focusing on energy-rich foods tend to cause micronutrient deficiencies. Other
changes like reduction in consumption of leafy vegetables and fruits with increased
snacking habits due to availability of more processed, ready-to-eat, deep-fried
snacks in the market shelf and their access to even rural areas are having an adverse
effect on health and contributing to malnutrition and nutritional insecurity. The
double burden of malnutrition is experienced with increased obesity on one hand
and undernourishment, stunting, wasting, and micronutrient deficiencies on the
other.

In one scene, increased income due to urbanization has led to increased calorie
consumption. However, micronutrient deficiencies still prevail, and, in another
picture, due to insufficient purchasing power, majority rural population and urban
poor are forced to decrease consumption resulting in hunger and undernutrition.

4.5 Possible Innovative Solutions/Alternatives to Strengthen
Food and Nutritional Status Amid Climate Change

Malnutrition is still a major problem that needs to be addressed at the earliest.
Multiple malnutrition grades, undernourishment (wasting, stunting, underweight),
overnourishment, obesity, and nutritional deficiencies (especially micronutrients)
are affecting all the countries. Insufficient access to a balanced and nutritious diet
affects the health of the population (Govender et al. 2017). Globally, almost 45% of
children from middle-income and low-income countries die due to undernutrition,
but there is also a rise in childhood obesity. Among all the adults, 1.9 billion are
above normal weight or obese, and 462 million are underweight (WHO 2018).
Along with these prevailing conditions, climate change through increased heat
stress, droughts, floods, storms, pollution, and changes in air composition has further
worsened the situation by growing threats of diseases, hunger, malnutrition, and
food and nutritional insecurity. This is especially more conspicuous among the urban
poor and majority rural population (Watts et al. 2015). Tackling climate change to
maintain individual’s nutritional status remains the biggest challenge of twenty-first
century. A multi-sectorial adaptation and mitigation approach is required to solve
this problem. Adaptation is the process to adjust with existing climate or expected
changes and its effect. It also includes facilitating interventions for adapting to
expected climate and using opportunities for reducing harm. Mitigation measures
in terms of climate change are human interventions to reduce sources of emissions
and increase the sinks of GHGs (IPCC 2014). The following section highlights the
possible adaptations and mitigation solutions that can be taken up to combat the
adverse effects of climate change on human health and food and nutritional security.
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4.5.1 Possible Solutions Through Acclimatization and Mitigation
in Farming and Food System

The food system, as discussed earlier, includes activities right from production to
food consumption, i.e., reaching the consumer’s plate. In addition to agriculture that
deals with food production, all the activities related to storage, transport, and food
handling also come under the food system. Various pathways on climate change can
be adopted to make agriculture sustainable, resilient for combating its harmful effect.

Sustainable, nutrition-sensitive, and climate-smart farming could be a possible
solution to be adopted against climate change. Sustainable agriculture aims at
conventional and organic production practices helping to improve resource effi-
ciency and minimize waste. This system unifies plant and animal production, which
aims at producing human food, animal feed, and fuel for satisfying the need of the
ever-growing population. Sustainable agriculture intends to save the environment
and maintain soil fertility. It also ensures food and nutritional security for everyone
in present and future (Velten et al. 2015; HLPE 2016).

Nutrition-sensitive agriculture directs at providing affordable, nutritious, safe
food in both quality and quantity to meet the nutritional requirements of the
population, thus improving health and nutritional status of an individual. Adding a
nutrition lens to agriculture requires coordination and cooperation of multiple
stakeholders from agriculture and health and nutrition sectors. Nutrition sensitivity
in agriculture includes approaches such as diversification of agriculture, improving
horticulture productions, production of nutrient-dense crop varieties, and improving
the quality of livestock and fisheries (Harvey et al. 2014; FAO 2017). Agriculture
caters to food needs, and it is an integral part of reducing hunger and malnutrition.
Only increasing the food production is not enough to improve the nutritional status
of the population; thus, nutrition-sensitive agriculture programs focusing on diversi-
fication of agriculture, rearing livestock, and dairy and promoting micronutrient-rich
crops may lead to dietary diversity (Ruel et al. 2017). For making agriculture
nutrition-sensitive, some steps can be taken like incorporating nutrition objectives
in agricultural projects and timely assessment of indicators to ensure achievements
of nutritional goals. Following up impact of the project from farm to plate (produc-
tion to consumption) for checking complete implementation and nutritional benefit
of the project is essential. Collaborating and involving all the stakeholders in a
project also make it more successful (Garrett and Kennedy 2015).

Climate-smart agriculture includes a set of approaches aiming at sustainable
increase in productivity, resilient agriculture and food security system, reduction
or removal of GHGs, and promotion of food and nutritional security (FAO 2013a).
In many developing nations like India, agricultural productivity needs improvement
to cater to the needs of a growing population (Chakrabarty 2016). Climate-smart
agriculture also focuses on poverty reduction and economic upliftment of farmers
(Steenwerth et al. 2014).
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4.5.2 Water Management

Water is the main resource for agriculture as it is mainly dependent on rainfall and
climate. Thus, scarcity of water in the era of climate change is the biggest challenge
to be faced, and climate-resilient practices need to be adopted. Irrigation facilities
should be focused on managing water properly. The wise use of irrigation facilities
and promoting micro-irrigation could be possible solutions for water resource
management. Efficient irrigation practices like micro-irrigation, drip irrigation,
sprinkle irrigation, and water harvesting according to field situations will be benefi-
cial strategies (Dickie et al. 2014; FAO 2015; Rao et al. 2017). Similarly, drought-,
pest-, and disease-resistant, temperature-tolerant crop varieties can also be devel-
oped and adopted. This may help to reduce crop losses due to extreme climatic
conditions and improve productivity.

4,5.3 Reduce Deforestation

Forests are one of the best examples of carbon sink. Forest management via ensuring
agroforestry and reducing deforestation will improve resilience to climate change.
Planting trees will not only help in removing carbon, but it will also contribute to
food security (FAO 2015). Deforestation resulting from transforming the forest into
cultivable lands is one of the sources of emission of GHGs, which can be mitigated
through sustainable agricultural intensification and conservation of forests.

4.5.4 Diversification of Agriculture

Diversification of agriculture could contribute to dietary diversity as it aims at
increasing the availability and accessibility of diverse foods. Thus, agriculture
extension services can promote crop diversity and integrated approaches for
improved nutrition. Rice production is a major contributor to GHG emissions from
agriculture (Saxena et al. 2018). Thus, efforts to reduce emissions from rice fields,
popularizing and expanding no-tillage farming, and water management are essential.
New varieties of rice with enhanced yields and nutritional qualities and less water
requirement need to be developed. Consultative Group for International Agricultural
Research (CGIAR) and FAO are promoting soil, water, and nutrient management
through Rice Integrated Crop Management Systems (RICMS) (FAO 2008). Grow-
ing non-paddy crops and focusing on the production of other cereal grains can also
help to reduce emissions and increase dietary diversity (Rao et al. 2017). Focusing
on horticulture and olericulture can also add variety to the diets by including various
vegetables and fruits, thus improving vitamins, antioxidants, and micronutrients in
the diet.
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4,55 Blending Traditional Knowledge with Modern Technology
and the Preservation of Resources

Traditional expertise or indigenous knowledge stems from an accumulation of
experience throughout generations, which is passed on orally from generation to
generation. Indigenous knowledge has a cultural base specific to particular tribes,
locality, region, etc., and it is learned from observation of nature, thus being nature
friendly. Combining indigenous knowledge with newer technology can provide a
powerful tool to promote food and nutritional security during climate changes
(Gyampoh et al. 2009; Porter et al. 2014). Understanding the importance of indige-
nous practices, FAO promotes and develops innovative projects supporting the use
of traditional knowledge (FAO 2009b). Traditional knowledge regarding agricul-
tural practices are the local experience of thousands of years of the folk. Cropping
systems like mixed cropping where farmers grow more than two crops at a time
increase the diversity of crops and also reduce the risk from failure of a single crop
(Singh and Singh 2017). Agroforestry is blending agriculture with forestry. It
benefits the farmers by growing trees in fields and improving soil fertility, creating
a favorable microclimate for crops, providing fruits, wood, etc. (Mbow et al. 2014;
Meybeck et al. 2018). Integrated farming with conservation goals and wildlife-
friendly and land-sharing practices is one way of protecting biodiversity (Garnett
et al. 2013). Some, e.g., of agriculture from different ethnic-cultural groups of
Vietnam, include “rock pocket agriculture” that can be adopted in other places
where similar conditions exist. In rock pocket agriculture, rock walls are created
on a slope which protects the soil inside it from erosion for almost 6-7 years, and
maize or other such crops are cultivated there (Vien 2003). Complementing and
supplementing agriculture with livestock, aquaculture, and horticulture in the
integrated farming system can be useful in dealing with current conditions
(Descheemaeker et al. 2016; Meybeck et al. 2018), e.g., an integrated farming
system with fish farming, where the farmers can benefit from synergism of both
conventional farming and fish cultivation. This approach can be utilized by various
smallholding farmers. It will also help in improving food and nutritional security.
Such integrated agriculture-aquaculture is practiced in various countries in Asia,
such as Vietnam, Indonesia, Malaysia, Bangladesh, China, India, Thailand, etc.
(Phong 2010).

4.5.6 Promotion of Millets Through Increasing Their Production

Millets are termed as “nutri-cereals” as they are nutrient-rich and provide various
health benefits. Minor cereals and millets have a lower carbon footprint compared to
rice and wheat. Millets are also drought-resistant crops and can survive in conditions
like less water and higher temperature (Saxena et al. 2018). Major millets are
popularly cultivated, and minor millets, viz., kodo, proso, barnyard, foxtail, little,
and browntop millets, are also gaining importance due to their nutritional content.
All these millets are stress and drought tolerant and can be grown in regions with
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water scarcity, as they require low inputs. Both their nutritional benefits and ability
to withstand lack of water and increased temperature coupled with reduced GHG
emission make them the most suitable solution for food stability during climate
change. Agrarian-nutritional importance of millets calls for the attention of promot-
ing millets through various agriculture and nutritional programs. These underutilized
grains have wide natural diversity and can be further explored to have high yielding
varieties with more research attention (Kumar et al. 2018; Upadhyaya and
Vetriventhan 2018).

4,5.7 Soil, Crop, and Livestock Management

Soil restoration and maintenance of soil health and grasslands are some potential
mitigation solutions having low to moderate costs. Regular soil testing will help to
make an appropriate decision in nutrient management. Crops grown in healthy soils
will produce higher yields, thus increasing availability of better and nutritious foods.
Crop yields can be managed or increased by changing crop dates, especially for
cereals and oilseeds, to prevent from drought. Early sowing and transplanting may
improve crop yields (Porter et al. 2014). Livestock management can also help in the
reduction of GHGs. Improving feeds and feeding practices for livestock can help in
the reduction of methane from animal production and increase productivity in terms
of milk, eggs, and meat. This can lead to increased availability, thus making diets
diversified and nutritious (Dickie et al. 2014; FAO 2015).

4,5.8 Management of Fertilizers and Its Better Application

This can be achieved through genetically modified plant breeds that provide the
same or increased yields even with the application of lesser fertilizers. Training on
the precise and appropriate use of fertilizers and their optimum dosage for particular
crops can reduce the burden on soil and environment. Excessive use of synthetic
fertilizers poses a serious threat on the crop as well as soil. It also has an adverse
impact on climate (Dickie et al. 2014). Organic fertilizers should be used to enrich
soil nutrients.

4.5.9 Use of ICT (Information and Communication Technology)
and Remote Sensing Tools

Remote sensing can help in providing a location-specific solution for the problems.
Once the site-specific personalized issues are identified, personalized messages can
be sent through mobile SMS. Various such pilot studies are being taken up globally.
Efforts are also taken in developing countries. One such pilot study conducted
during 2015 in India at Anantapur district is Harita Priya, a precision agricultural
initiative by the government of Telangana in collaboration with the Centre for
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Development of Advanced Computing (C-DAC) providing personalized agro-
advisories based on information collected from farms to farmers in regional language
(Telugu), viz., SMS (CDAC 2016).

Technological advancement in agriculture should help in establishing, monitor-
ing, and detection systems to give precautionary warnings about climate change and
pest attacks. Warning system providing early detection of pest and diseases outbreak
can help in taking quick preventive measures (Rao et al. 2017).

4.5.10 Decreasing Food Wastage and Adopting Nutritious Diets

Nutrient-sensitive sustainable climate-smart agriculture should be coupled with a
nutrition-smart food system, and for it to be nutrient-sensitive, focus should be on all
its stages right from producing to consuming. Avoiding food losses and wastage is a
core concern to achieve sustainability in the food system (SDSN 2013). Food losses
occur at crop production stage due to deficient food supply chain; improper infra-
structure, technology, knowledge, and skills; and inadequate access to a market,
whereas food waste occurs at consumer stage due to discarding foods unfit for
human consumption (e.g., packaged food crossing expiry date, plate waste, etc.). It
compromises the availability of food and adds to the burden of agriculture, demand-
ing an increase in production (FAO 2013b; Garnett et al. 2013). It also poses an
additional burden on water, land, and emission of GHGs. Food wastage is estimated
to be one third of that associated with consumption. If we can reduce the food losses
and wastage at each stage of the food chain, then we may help in reducing the burden
on agricultural production (Dickie et al. 2014). Post-harvest storage and processing
play an essential role in maintaining the quality of the food. Inadequate storage
facilities, transport facilities, and processing plants may increase the food wastage.
Thus, adequate infrastructure should be developed for the same.

Along with reduced food wastage, shifting to nutritious diets is most important.
With urbanization there is increased consumption of refined carbohydrates, sugars,
and fats leading to declining in dietary diversity. Unhealthy diets are a global burden
in promoting diseases (Caron et al. 2018).

4.5.11 Increasing Focus on Underutilized Crops (Fruits, Vegetables,
Pseudo-Cereals, Grains, Etc.)

Diversification of agriculture has been discussed in the sections earlier. Diversifica-
tion, in its extended form, will focus on underutilized crops, leading to increased
options of a variety of nutritious food items in the shelf. This, in turn, may reduce
food prices. Thus, scaling up and focus on diversification of underutilized crops are
required at a local, regional, national, and global level (FAO 2017). Improving yields
of underutilized crops and wild foods will help in providing numerous options,
especially for the poor. Various underutilized cereals, fruits, and vegetables are
available, which can add to food and nutritional security, such as quinoa, drumstick
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leaves (Moringa oleifera), karonda (Carissa carandas), jujube, etc. For example, in
India drumstick leaves—with abundant antioxidants, protein, and minerals espe-
cially iron—have the potential to be used as a source of functional food for value
addition of baked goods. It can also be used in preparing chutney (Durst and
Bayasgalanbat 2014). Quinoa—an underutilized pseudo-cereal also called as golden
grain of Andes, with ample amount of proteins, amino acids, minerals, and
phytochemicals such as phenols, saponin, etc.—also helps in diversifying diet and
making it nutrient-rich (Farinazzi-Machado et al. 2012). Backyard home gardening
of some indigenous, underutilized food can be promoted to increase the nutrition of
family diet.

4.5.12 Biofortification, Fortification, and Value Addition of Available
Food Products to Enhance Their Nutritional Composition

There are still nutritional deficiencies existing in population. Thus, biofortification of
foods will help to improve nutritional value of foods. Promoting biofortified food
will improve food and nutritional security (Garnett et al. 2013). Efforts are being
taken by various organizations like the ICAR-Central Research Institute for Dryland
Agriculture (CRIDA) to grow biofortified crops. ICAR-Indian Institute of Rice
Research (IIRR), Hyderabad, and ICAR-Central Rice Research Institute (CRRI),
Cuttack, are genetically modifying rice to make it more nutritious. The ICAR-
Directorate of Mushroom Research and ICAR-Central Institute of Post-Harvest
Engineering and Technology, Ludhiana, and CSIR- CFTRI, Mysore, are developing
products from biofortification of different crops. Developing low-cost nutrient-rich
foods will improve health status. This can be done especially for the children as they
are the most vulnerable. Involving government agencies, NGOs, and women SHGs
in the development of nutritious value-added food can help to combat malnutrition,
and involvement of women SHGs will make them financially stronger. ICRISAT is
developing agribusiness platforms to support such ventures where entrepreneurs can
be encouraged and linked to market facilities (Satarupa et al. 2018).

Food fortification is a cheap source to combat micronutrient deficiencies. Food
fortification is an addition of essential nutrient or trace element to food for preventing
or correcting the nutrient deficiency of a population. It includes restoration and
enrichment, i.e., addition of nutrients lost during manufacturing (Allen et al.
2006). Popular examples of fortification are iron and iodine fortified salt, vitamin
A and D fortified oils, fortified wheat flours, etc. Fortification can be mandatory/
compulsory or voluntary and market-driven or mass (for the population as a whole)
or target fortification (for specific groups).

Various processing methods such as dehulling, dehusking, polishing, milling, etc.
are responsible for the removal of bran and bran fractions from cereals and millets.
Processing techniques used to prepare fruit juices, pulps, jams, jellies, etc. are
responsible for removal of peel and pomace from fruits. All these processing
techniques result in improved palatability, but reduced nutritional qualities of the
product. Removal of bran and peel results in removal of fiber component. It is also
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evident from some researches that these components are a rich source of
antioxidants, minerals, etc. These by-products generated during processing are
discarded as waste or some time used in animal feeds. Researchers are finding
ways to incorporate such food wastes as novel food ingredients in an edible food
product for value addition (O’Shea et al. 2012; Ahmad et al. 2018).

Brans of rice, wheat, oats, barley, foxtail millets, barnyard, sorghum, etc. are
identified as a potential source of nutrients and are used in the value addition of
products. These brans obtained as waste from processing industry could be exploited
as nutraceuticals to enhance the value of products having less nutrients such as
bakery items (Patel 2015). Various researches are taken up to develop products like
high-fiber pasta incorporated with wheat bran (Sudha et al. 2011), sorghum bran-
supplemented bread (Dahlberg et al. 2004), wheat bran-enriched muffins (Romjaun
and Prakash 2013) and cookies (Ertas 2015), biscuits developed using rice bran
protein concentrates (Yadav et al. 2011), etc. Phytochemical-, polyphenol-,
carotenoid-, and dietary fiber-rich mango peel biscuits were developed by another
researcher (O’Shea et al. 2012; Baddi et al. 2015). Peels and pomace of some fruits
like apple and citrus lime are used alternatively as animal feed (O’Shea et al. 2012).
Apple peels and pomace having high concentrations of antioxidants and phenolic
compounds can be used in the preparation of sausages, jams, muffins, cereal bar,
fruit bars, fruit leathers, etc. (Wolfe and Liu 2003; Henriquez et al. 2010; O’Shea
et al. 2012). Grape seeds, skins, and stems, lime, orange, peach peels, and vegetable
peels from carrot, onion, tomato, etc. can also be used as functional foods (O’Shea
et al. 2012). Fruit seeds from avocado, jackfruit, longan, mango, and tamarind—tich
source of antioxidants—can also be used as additives in the functional food industry
(Soong and Barlow 2004). Banana pseudo-stem contributes to a lot of waste
generated from banana cultivation every year, which is rich in sugar and minerals.
It has many therapeutic benefits and can be used in value addition of foods. Research
has been conducted to develop fermented beverages (Puranik 2017) which also
contribute toward generating additional income for banana growers through waste
utilization. Scaling up and popularization of such value-added foods can provide a
helping hand in promoting food and nutritional security. It may also reduce some
GHG emission that is contributed from food wastes.

4.5.13 Alternative Innovative Food Products

Innovative alternatives should be promoted and implemented to alleviate malnutri-
tion. Some such alternatives include consumption of edible insects, lab-grown meat,
seaweeds, etc. Edible insects are consumed traditionally in various parts of Asia and
Africa. They are rich sources of proteins, amino acids, fat, vitamins, and minerals,
nearly similar to that of consumed livestock. Some insects popularly consumed are
crickets, silkworm pupae, beetles, larvae, bees, ants, etc. (Tao and Li 2018). Insect
production/harvesting/rearing is a low-cost affair. Thus, in the face of growing
malnutrition and climate change, edible insects could prove as super-food as they
are nutrient-rich and also emit less GHGs (Huis et al. 2013). With all the nutritional
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benefits spoken, insects are not part of the majority of diets. This is due to the
disgusting concept associated with the consumption of insects and also some section
of the population being vegetarians and vegans. For the other section of the popula-
tion who merely reject edible insect due to disgust factor, innovative processing
techniques can be applied to convert insects into flours and pastes to be value-added
to other products. Lab-grown meat or cultured meat is one such innovative approach
to deal with malnutrition in an era of climate change as it can help to cut down GHG
emission. But there are a lot of factors to be considered before it popularly hits the
market floor, such as safety regulations; cultural, social, economic, and political
background; consumer acceptance; etc. (Stephens et al. 2018). Seaweeds are another
such alternative with a highly nutritive profile containing vitamins, proteins,
minerals, dietary fiber, and essential fatty acids (Ortiz et al. 2006). Seaweeds form
part of traditional diets in China, Japan, and Korea with wide range of products that
can be prepared like sushi, noodles, pickles, soup, tea, wine, jams, jellies, cheese,
chocolates, salad, curry, etc. (Kaliaperumal 2003).

4.5.14 Empowerment and Capacity Building

Training and capacity building will help to improve their skills in adjusting to
climate changes (Suchiradipta and Saravanan 2018). Making communities aware
about climate change through various empowerment and capacity building
programs, teaching them regarding the causes, impacts, and adverse effects, will
make them more aware of climate change and help in adopting new ideas and
experimenting with new crop varieties to adopt climate change (Kindra 2010).
Empowering women socially and economically and politically should be focused,
as they are more at risk of malnutrition and undernutrition as they lack access to
many facilities. It is also observed that if a woman is controlling the household, there
is an improvement in child nutrition (Chung 2012). In many countries, women eat
last after feeding the whole family. They also have to face secondary status com-
pared to men in decision-making. Agriculture extension service can help in building
a more robust program with integrating gender and nutrition in agriculture. This will
help in enhancing the contribution of women to household income, reducing gender
gaps, and improving the nutritional status of families. It has been observed in many
studies that involvement of females in decision-making in agriculture, family expen-
diture, and food distribution can improve the nutritional status of the family
(Satarupa et al. 2018). Women can be involved in activities like the value addition
of food products. Further market opportunities can be created for these products to
increase their economic stability that will contribute to improving household
practices of preservation and nutrition improvement.
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4.,5.15 Nutrition Education Through Educational Institutions,
Farmer Field Schools, and Mass Media

Nutrition education helps in acquiring nutrition-related knowledge and skills
through instruction and training (ADA 2011). It assists the population to make an
informed decision regarding their food choices, health, and well-being. Nutrition
education is a good solution to tackle malnutrition and climate change (FAO 2017).
Nutrition, agriculture, environment, and extension departments should join hands to
tackle the problem of food and nutrition security coupled with climate change.
Strengthening extension services is one step toward addressing these issues (Garnett
et al. 2013).

The integration of nutrition intervention within agricultural platforms is a must to
reach a larger section of the population. Nutrition education through already existing
agriculture programs as complementary services will fetch larger participation at the
village level. Thus, imparting nutrition education to people via agricultural extension
systems as they already have established infrastructure, close connection with
farmers, and community trust will prove beneficial (Babu et al. 2015; Fanzo
2015). Collaboration is required within government staff, health-care workers,
agriculture subject matter specialists, and extension workers, to create awareness
and adopt high-impact nutritional practices (SPRING Bangladesh 2017; Aakesson
et al. 2014).

Using technologies with the participation of the villagers, health workers, and
women self-help groups (SHGs) while preparing and disseminating the nutrition-
related videos will help in educating more people in a rural area as they well accept
the information (Kadiyala et al. 2016).

Farmer field schools (FFS) are based on experiential learning principles, where
farmers with same interest join together for a weekly meeting to learn about
agricultural practices. A similar approach can be used to promote nutrition educa-
tion. The concept of FFS can be used as a base to develop Farmer Nutrition School
(FNS), which will help to reduce malnutrition (SPRING Bangladesh 2016).

School-based approach nutrition education can help in improving child nutrition
(Tirado et al. 2013). Including nutrition education and backyard gardening exposure
to children at an early age can help in developing healthy eating habits. Connecting
people and farms is one way to diversifying the diet; based on the concept of
connecting farms, farmers’ and consumers’ efforts can be taken to involve the
non-farming community in agriculture production via exposure visits to farms,
especially for the preschool and school-going children. This will create awareness
about locally grown foods and understanding their importance in the diet. An
excellent example of nutrition education based on such concept is created by Rutgers
Cooperative Extension (RCE) for 3—8-year-old children called “From Our Farms”
(Hughes 2002).
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4.,5.16 Policy Changes and Support

Policy-level changes and support should be given to adopting climate-smart
technologies to achieve sustainable agriculture, reduced GHGs, effective and effi-
cient food system, and equal access to food for all (Suchiradipta and Saravanan
2018). Encouraging research on linkages between food, nutrition, health care, and
climate change for developing models providing holistic solutions is needed. More
investment on researches can help to improve monitoring and surveillance systems
and provide a better, realistic, implementable solution (Watts et al. 2015).

The collaboration of various research agencies, a multidisciplinary approach on
research, will throw light on all angles of the problem. Coordinating government and
non-governmental organizations will also improve the reach and access to extend the
climate-smart interventions toward food and nutritional security. Dealing with
climate change alone is not going to fetch any positive results; thus, the multidisci-
plinary, multi-sectorial approach is required. Thus, collaborating and empowering
different government ministries and departments, viz., environment, agriculture,
women and child development, and health, will help to fight climate change with a
holistic approach (Watts et al. 2015; Meybeck et al. 2018).

Developing national and international cooperation such as South-South coopera-
tion, where expertise is exchanged between the developing countries helping each
other with knowledge, technical assistance, and/or sometimes investments, will help
to get a wider vision of the problem and access to new solutions or technologies used
by other countries to deal with similar problems (Meybeck et al. 2018).

Public and private sector tie-ups and collaboration between all stakeholders, viz.,
scientists in various fields (agriculture, water, environment, health, and food
research), farmers, policymakers, technology providers, and engineers, were
suggested in Extreme Weather and Resilience of the Global Food System
Report (2015).

Developing a reliable monitoring system to observe and analyze weather and
climate will enable providing early warnings (FAO 2008) and help in better utiliza-
tion of available weather information and management tools. Other policies include
promoting soil testing and soil health card schemes and strengthening crop manage-
ment system. Insurance schemes can be implemented to deal with climate change
risks.

Promoting agrobiodiversity and effective use of natural resources is an approach
that assists in tackling and increasing adaptability toward deleterious impacts of
climate change. Integrated policies should be formed and implemented to boost
agroforestry. Funds should be provided for such initiatives. Various trained groups
at the local level can be formed to promote, educate, and train people about
agroforestry (Meybeck et al. 2018).

Poverty can be a root cause for undernutrition. Thus, poverty eradication should
be focused by policymakers, and initiatives should be taken for the same. Policies
promoting access and availability for the consumption of nutritious foods should be
taken up to reduce food and nutritional insecurities (Ghattas 2014).
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Health-related issues are still increasing due to climate change. Thus, policies
providing maternal and child health care should be strengthened, and more invest-
ment and planning should be done to formulate such policies. Strengthening surveil-
lance systems giving early alerts of infectious diseases and environmental risk
factors can help in the prevention of various food-, water-, and vector-borne diseases
(Tirado et al. 2013).

Policies should be established to promote, protect, and utilize underutilized foods
and traditional knowledge and practices. Protecting traditional knowledge and
practices with the help of intellectual property rights can safeguard them. Policies
should be formulated to develop standards for underutilized foods. The promotion of
traditional knowledge can be done through its inclusion in school and college
curriculum. Incentives should be given for the people who help in documenting
and following traditional practices based on indigenous knowledge as this is a way to
deal with climate change (Durst and Bayasgalanbat 2014).

4.6 Summary and Conclusion

With the majority relying on farming, and extreme stress on natural resources, the
influence of climate change on agriculture is visible globally, especially in
low-latitude and tropical regions. These forecasted impacts may further decrease
yields of staple cereals in many countries contributing to food insecurity. Livelihood
security of poor will be worst hit in the long run due to difficulty in maintaining
agricultural productivity and the consequences of climate change.

All the four dimensions of food security, important in meeting dietary needs, can
be affected by changes in agricultural production resulting from climate change, thus
lowering food production. Some short-term impacts on many food crops include a
reduction in yield which can be offset by adaption measures based on available
technologies like altering planting dates, heat-tolerant varieties, efficient water
management, conservation agriculture, protected cultivation, etc. But addressing
long-term impacts requires investments in strategic research, extension, and helping
farmers in risk management through innovative insurance services. Droughts,
floods, and extreme weather events decrease crop yields and nutritional properties
and also affect incomes and livelihoods of farmers and farm laborers due to loss of
wages. The nutritional quality of foods can be compromised in terms of protein and
mineral content due to depletion of micronutrients in the soils.

Existing statistics on malnutrition suggest high rates with 39% of adults globally
are overweight or obese and approximately 20 million babies have low birth weight
thus are more prone to malnutrition. Anemia is also one of the major prevailing
problems in women and girls. It is also a well-known fact that deficiency of
micronutrients like iron and zinc can cause hidden hunger. Climate change, coupled
with the current malnutrition status, may worsen the situation further. There are few
technology and policy direction, which need attention in planning adaptation toward
climate change, i.e., prioritization and focus on vulnerable hotspots, investments on
technology generation and dissemination, prudent use of natural resources,
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leveraging the ongoing schemes and missions, livelihood diversification and risk
transfer, financing adaptation costs, and capacity building. Investment plans and
policies in agriculture, rural infrastructure, and water resources need to be tailored
according to the requirements of regions and communities. Apart from climate
change, rapidly changing food preferences and habits are challenging agriculture
to produce quality food across the seasons. Preferences for proteins, carbohydrates,
specific fatty acids, vitamins, minerals and other secondary metabolites, fiber, etc.
have increasing trends for a complete diet. Growing fruit trees at the farm, kitchen
garden, and along farm borders and roads provides easy access to fruits, which will
help in sequestration and achieving ecological balance. Food basket has to be
expanded by exploiting edible neglected or underutilized species. These can encour-
age the farmers toward diversification. Nutrition education, along with the diversifi-
cation of crops and kitchen gardening, can help in improving the dietary habits
leading to better nutritional status among the population.

A multidisciplinary perspective is necessary for dealing with climate change and
food and nutritional security. Measures need to be taken for ensuring the food quality
at production and consumption levels. Collaborations within various departments
linked with climate, agriculture, food, health, and NGOs should be strengthened, and
interconnections between social activists, health workers, extension personnel, etc.
will help to combat climate change more effectively.
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