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			Preface

			Food security and environmental conservation, especially with regard to climate change uncertainty, are immediate matters for a progressive world. Climate change is expected to have a wide range of adverse effects on the metabolism of plant physiology, soil fertility, and carbon sequestration, biological growth, and variety, which will reduce plant growth and yield and eventually agricultural production.

			This book is a modest attempt to help students understand the need for climate-resilient crops, various terminologies related to it, and the process of making climate-resilient crops.

			Our food supplies are vulnerable to rising and potentially catastrophic threats due to climate change. From droughts and flooding, less and more severe weather raises the costs for farmers. In several developed countries, vulnerability to losses affects domestic development to the point of severely damaging their food security and raising the possibility of damage to foreign markets. If global warming raises the uncertainty and severity of adverse conditions, there seems to be an immediate need to identify and support climate-resilient crops and crop varieties.

			Through this book, we have tried to cover all the major methods and techniques which are used in the preparation of climate-resilient crops. It constitutes the techniques and adaptation of extreme temperature stress for various types of crops. Once the importance of food is understood, it will be easier to recognize the best techniques for promoting climate-resilient crops. 

			The book is written in simple language so all can understand it. Each topic is thoroughly explained using images and proper description. We hope you will understand its contents and can be useful for some brief understanding about climate-resilient crops. 
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			Chapter 1. Introduction

			Sustainable and organic agricultural systems can help reduce agricultural GHG emissions through energy conservation, lower levels of carbon-based inputs, lower use of synthetic fertilizer, and other features that minimize GHG emissions and sequester carbon in the soil. 

			[image: See the source image]

			Fig 1.1 Benefits of organic farming for a healthy plant

			Image source: https://image.slidesharecdn.com/akarshagrppt2-190506140706/95/ifs-an-ecofriendly-approach-for-sustainable-agriculture-environment-and-hydroponics-28-638.jpg?cb=1557151867

			Agricultural land can serve as a sink for GHG emissions, especially through soil carbon sequestration, which could moderate climate change. 

			[image: See the source image]

			Fig 1.2 Perks of sustainable Agriculture

			Image source: https://www.pmfias.com/wp-content/uploads/2016/06/sustainable-agriculture-organic-farming-biofertilizers.jpg

			But agricultural land can serve as an effective GHG sink over the long term only if agricultural systems are adopted, which improve overall soil quality and provide for relatively. GHG reduction or sequestration. Agricultural crop and forage production system features include, among others, fertilizer use and efficiency, nitrogen sequestration, and overall GHG emissions of associated livestock production systems.

			Agriculture plays a crucial role in ensuring food security while also accounting for a significant share of the world’s gross domestic product (GDP). It engages almost two-thirds of the workforce in gainful employment. Several industries such as sugar, textiles, jute, food, and milk processing depend on agricultural production for raw materials. On account of its close linkages with other economic sectors, agricultural growth has a multiplier effect on the entire economy. Presently, the threat of climate change poses a challenge for sustainable agricultural growth. 

			This threat is compounded due to accumulated greenhouse gas emissions in the atmosphere, anthropogenically generated through long-term intensive industrial growth and high consumption lifestyles and preferences. 

			While the developing countries are collectively engaging themselves to deal with this threat, developing countries need to evolve a national strategy for adapting to climate change and its variabilities to ensure ecological sustainability in their socioeconomic developmental priorities. Climate change refers to the statistical variations in the properties of the climate system, such as changes in global temperatures, precipitation, etc., due to natural or human drivers over a long period of time. 

			Climate change could drastically alter the distribution and quality of natural resources, thereby adversely affecting people’s livelihood security. Observations of the Intergovernmental Panel on Climate Change (IPCC) indicate that climate change’s adverse impact due to rising temperatures and extreme weather events on the food production system could impact agricultural growth. Consistent warming trends and more frequent and intense extreme weather events are being observed across the world in recent decades.

			Significant negative impacts are being projected in the medium term (2010–2039) depending on the magnitude and distribution of warming. In the long run, the effect could even be more detrimental “if no adaptation measures are taken.” The negative impact on agricultural production will imply a significant percentage fall in the annual GDP. However, its fallout for livelihood security in the farming sector could be more severe vis-à-vis other economic sectors. 

			Agriculture is crucial for ensuring the food and livelihood security of the country. Hence, it is important that this sector becomes resilient to increasing climatic variabilities and changes. A resilient agricultural production system is the prerequisite to sustain productivity in the event of extreme climatic variabilities.

			Although farmers have evolved many coping mechanisms over the years, these have fallen short of an effective response strategy in dealing with recurrent and intense forms of extreme events on the one hand and gradual changes in climate parameters, including rising in surface temperatures, changes in rainfall patterns, increase in evapotranspiration rates and degrading soil moisture conditions on the other. 

			Therefore, the need of the hour is to synergize modern agriculture research with the indigenous wisdom of the farmers to enhance the resilience of agriculture to climate change. There is also a need to promote agricultural heritage preservation to integrate into situ conservation of genetic resources based on traditional knowledge for natural resource management.

			To sustain agricultural growth for meeting food requirements, policies and strategies need reorientation with appropriate response mechanisms embedded in the policy spectrum for meeting food grain and buffer stock requirements and ensuring livelihood security in times of catastrophic incidents natural and human-driven. 

			While short-term mitigation measures would always demand immediate attention, the complexities of abiotic stress on crops and livestock in the long term would require intensive research to effectively address the adaptation processes required for making our production systems resilient to climate change.

			1.1	What is climate change?

			Our atmosphere is full of invisible gases, some of which are greenhouse gases (GHGs). GHGs insulate the earth. They trap the sun’s heat and keep our planet warm enough to sustain life. Some GHGs in our atmosphere do exist naturally. But a large portion of the GHGs in our atmosphere today have been, and continue to be, created by humans. This means that more of the sun’s heat is being trapped than the earth actually needs. Too much heat is being trapped, and the planet is warming too much.

			[image: See the source image]

			Fig 1.3 Tackling climate change

			Image source: https://s-media-cache-ak0.pinimg.com/564x/df/86/10/df86103fee24db9da23ebeff06f7bd35.jpg

			This is what is known as “global warming.” Global warming is affecting weather patterns all over the world, and this effect is what is known as “climate change.” A region’s climate means the usual weather patterns and conditions of a region. So, a change in weather patterns and conditions is a change in the climate. The world’s weather patterns are changing. This includes temperature changes (warming in some places and cooling in others) and altered rainfall patterns, as well as more frequent occurrences of hazardous weather events like heavy spring rains and heatwaves. Changing climates pose risks to people’s health and safety, wildlife, forests, farms, and water supplies. Hence, it is so important for the government, farms, and food processing businesses to be aware of climate change causes and take corrective action. We all have a role to play in reducing GHG emissions.

			Climate change is one of the greatest ecological, economic, and social challenges facing us today. The scientific evidence that human activities contribute to climate change is compelling. Still, society is increasingly seeking information about the nature of the evidence and what can be done in response to a changing climate. This book provides some of that much-needed information collected from some of the world’s leading climate scientists. The terms “weather” and “climate” are frequently considered interchangeable, but weather and climate refer to different things. 

			Weather is the brief, rapidly changing condition of the atmosphere at a given place and time, influenced by the movement of air masses. On the other hand, climate should more accurately be the term applied to the average weather conditions over longer periods of years to decades. One may often hear mention of “climate variability” and “climate change” together. They are different facets of climate. Climate variability refers to the year-to-year variations, or noise, in the average conditions – meaning that consecutive summers, for example, will not all be the same, with some cooler and some warmer than the long-term average. 

			[image: See the source image]

			Fig 1.4 Differences between weather and climate

			Image source: https://th.bing.com/th/id/R0579aa10e941d415bcbafe615940ad9a?rik=bpj8gml0Z7c19w&riu=http%3a%2f%2fwww.globalweatherclimatecenter.com%2fuploads%2f7%2f0%2f9%2f4%2f70941227%2fweather-vs-climate_orig.jpg&ehk=TNBjUBIKew%2fX1LX7ciG559uXgM%2fH5qYRfjYFVih1W7U%3d&risl=&pid=ImgRaw

			

			Climate change refers to any long-term trends in climate over many years or decades, around which climate variability may be evident year on year. Hence, a single warmer or cooler year on its own is not sufficient evidence to assert that the climate is changing. Still, systematic changes in average conditions over many years do provide evidence of a changing climate.

			The earth’s climate has always changed, alternating between long periods of warm (interglacial) and cool (glacial) conditions, cycling over tens to hundreds of thousands of years. These changes are driven by both external influences and dynamics internal to the earth system. 

			Key external influences include fluctuations in the amount of energy emitted by the sun and changes in the earth’s orbit, and axial tilt affects the intensity and distribution of the sun’s energy across the earth. Internal influences on climate include changes in the surface reflectivity due to the presence or absence of ice, changes in the atmospheric composition of GHGs, variations in ocean currents, drifting continents, the cooling effect of volcanic dust, and other geological processes.

			Volcanic dust and other geological processes. UNFCCC defines climate change as “a change of climate that is attributed directly or indirectly to human activity that alters the composition of the global atmosphere and that is in addition to natural climate variability observed over comparable periods.” The IPCC defines climate change as a statistically significant variation in either the mean state of the climate or its variability, persisting for an extended period.

			Climate change may be due to natural internal processes or external forcings or persistent anthropogenic changes in the atmosphere or land use composition. Global climate change is a lasting change in weather patterns’ statistical distribution over periods ranging from decades to millions of years. It may be a change in average weather conditions or the distribution of events around the average (e.g., more or fewer extreme weather events). Climate change is a long-term shift in weather conditions identified by changes in temperature, precipitation, winds, and other indicators. 

			[image: See the source image]

			Fig 1.5 Observing Earth’s global climate

			Image source: https://www.ncei.noaa.gov/sites/default/files/styles/wide_full_width_image_no_crop/public/sites/default/files/infographic-observing-earths-global-climate.png?itok=oHJ-h80v

			Climate change can involve both changes in average conditions and changes in variability, including extreme events. The earth’s climate is naturally variable on all time scales. However, its long-term and average temperatures are regulated by the balance between incoming and outgoing energy, which determines the earth’s energy balance. Any factor that causes a sustained change to incoming energy or the amount of outgoing energy can lead to climate change. As these factors are external to the climate system, they are referred to as “climate forcers,” invoking the idea that they force or push the climate towards a new long-term state – either warmer or cooler depending on the cause of change.

			Agriculture is the basic activity by which humans live and survive on the earth. Assessing the impacts of climate change on agriculture is a vital task. In both developed and developing countries, the influence of climate on crops and livestock persists despite irrigation, improved plant and animal hybrids, and the growing use of chemical fertilizers. The continued dependence of agricultural production on light, heat, water, and other climatic factors, the dependence of much of the world’s population on agricultural activities, and the significant magnitude and rapid rates of possible climate changes all combine to create the need for a comprehensive consideration of the potential impacts of climate on global agriculture.

			1.1.1	The Main Indicators of Climate Change 

			There are seven indicators that would be expected to increase in a warming world:

			◊	Temperature overland 

			◊	Ocean heat content 

			◊	Sea level 

			◊	Sea surface temperature 

			◊	Temperature over ocean 

			◊	Humidity 

			◊	Tropospheric temperature 

			There are three indicators that would be expected to decrease in a warming world: 

			◊	Sea ice 

			◊	Snow cover 

			◊	Glaciers

			[image: See the source image]

			Fig 1.6: Ten Indicators of a Warming World.

			Image source: https://extension.umd.edu/sites/default/files/_images/programs/hgic/climate_change/10%20indicators%20of%20warming%20world.jpg

			

			1.2	Causes of Climate Change

			GHGs are released into the atmosphere by burning fossil fuels, clearing forests, cement manufacture, and many other industrial and agricultural activities, thereby increasing the amount of radiation trapped near the earth’s surface and driving accelerated warming. 

			[image: See the source image]

			Fig 1.7 Causes of climate change

			Image course: https://th.bing.com/th/id/Rbf5367ca5908619eae4464e8cd793863?rik=D%2bRKU4gTCxeq0w&riu=http%3a%2f%2fwww.offsetters.ca%2ft%2flib%2fimg%2fdiagrams%2fcauses_of_climate_change.png&ehk=XJQImDfF16YIJQZQqbT1%2f8YzupRUJSLOs3g%2bGxz5%2f0A%3d&risl=&pid=ImgRaw

			This process, called the enhanced greenhouse effect, is caused by a forced release of GHGs from their terrestrial store into the atmosphere with no precedent in history. The associated increases in global temperatures are changing fundamental climate processes. Some of those changes may be beneficial in some areas, but it is expected that most will cause more harm than good. Most of these human contributions to climate change have occurred over the last 200–300 years, following the agricultural and industrial revolutions.

			Factors that cause climate change can be divided into two categories – those related to natural processes and those related to human activity. In addition to natural causes of climate change, changes internal to the climate system, such as variations in ocean currents or atmospheric circulation, can also influence the climate for short periods. This natural internal climate variability is superimposed on the long-term forced climate change.

			1.2.1	Natural Causes

			The earth’s climate can be affected by natural factors external to the climate system, such as changes in volcanic activity, solar output, and the earth’s orbit around the sun. Of these, the two factors relevant to contemporary climate change times are changes in volcanic activity and changes in solar radiation. In terms of the earth’s energy balance, these factors primarily influence the amount of incoming energy. 

			Volcanic eruptions are episodic and have relatively short-term effects on the climate. Changes in solar irradiance have contributed to climate trends over the past century. Still, since the industrial revolution, the effect of additions of GHGs to the atmosphere has been about ten times that of changes in the sun’s output. Solar radiation is the driving force of the global climate. A portion of the radiation reaching the earth’s surface is scattered or reflected by clouds, aerosols, dust, and other particles. Radiation reaching the planet is partly absorbed, causing the earth to emit thermal radiation. Part of the radiation is reflected in the atmosphere. 

			Water vapor and radiatively active CO2, CH4, N2O, and O3, among others, partly trap the reflected radiation to warm the surface temperature from a frigid 18 °C to about 15 °C, a natural phenomenon; known as the “greenhouse effect.” Human activities have contributed to an increase in the concentration of radiatively active gases and added new GHGs such as halocarbons (like chlorofluorocarbons) and hexafluoride (IPCC 1997 ). Together with changes in land cover, this may have contributed to an enhanced greenhouse effect to cause global warming and other climatic changes.

			

			1.2.2	Human Causes 

			Climate change can also be caused by human activities, such as the burning of fossil fuels and the conversion of land for forestry and agriculture. Since the beginning of the industrial revolution, these human influences on the climate system have increased substantially. 

			In addition to other environmental impacts, these activities change the land surface and emit various substances to the atmosphere. These can influence both the amount of incoming energy and the amount of outgoing energy and can have both warming and cooling effects on the climate. The dominant product of fossil fuel combustion is carbon dioxide, a greenhouse gas. Since the Industrial Revolution, the overall effect of human activities has been a warming effect, driven primarily by emissions of carbon dioxide and enhanced by emissions of other GHGs. 

			The build-up of GHGs in the atmosphere has led to an enhancement of the natural greenhouse effect. This human-induced enhancement of the greenhouse effect is of concern because ongoing emissions of GHGs have the potential to warm the planet to levels that have never been experienced in the history of human civilization. Such climate change could have far-reaching and/or unpredicted environmental, social, and economic consequences.

			1.2.3	Biggest Threats of Climate Change 

			If the projected 2 °C rise in average temperatures comes to pass, then: 

			◊	Southern Europe may become too hot and arid to grow its present crops. 

			◊	Northern Europe will be the best place to grow typically Mediterranean crops. 

			◊	Scandinavia and Scotland may be the prime wine-producing areas. 

			◊	Much of Siberia will be a major cereal growing area. 

			◊	Southern Africa could lose up to 30 % of its main staple crop – maize – by 2030. 

			◊	Yields for rainfed agriculture could be reduced by up to 50 % by 2020 (IPCC AR4).

			[image: See the source image]

			Fig 1.9: Biggest threats of the world.

			Image source: https://citi.io/wp-content/uploads/2019/07/chartoftheday_10533_global_threats_n.jpg

			The climate is changing, and it is having an impact on agriculture production. One of the most impactful changes is water, either too much or too little of it in different world areas. It is projected that deserts and areas susceptible to drought will increase. At the same time, heavy precipitation events that often damage crops will become more frequent. Effects of climate change can be seen already.

			The southwestern region of the USA, for example, is very dry, whereas other regions have more rainfall and flooding. Wet springs delay the time for growing seeds because it is too wet to plant. In other regions, the grounds warm up later than before, which leaves less time for growing seeds. Scientists predict that areas of the world that are hot and dry today – such as sub-Saharan Africa – will likely become hotter and drier in the future. Africa is one of the most seriously affected regions, where water scarcity and climate change disproportionately affect sub-Saharan Africa. Most of the global warming is going into the oceans. 

			It takes time for the ocean to release its heat into the atmosphere. The world’s northern freezer is on rapid defrost as large volumes of warm water pour into the Arctic Ocean, speeding the melt of sea ice. Indeed, the warming in the oceans has been occurring for quite some time. Rapidly rising greenhouse gas concentrations drive ocean systems towards conditions not seen for millions of years, with an associated risk of fundamental and irreversible ecological transformation. 

			Changes in biological function in the ocean caused by anthropogenic climate change go far beyond death, extinction, and habitat loss: fundamental processes are being altered, community assemblages are being reorganized, and ecological surprises are likely. Global temperatures have warmed significantly since 1880, the beginning of what scientists call the “modern record.” As greenhouse gas emissions from energy production, industry, and vehicles have increased, temperatures have climbed, most notably since the late 1970s.

			1.3	Impacts of Climate Change 

			Historical records of temperature show that although temperatures vary naturally between ice ages and warm periods, there is no record of temperatures within human history ever having increased as rapidly as they have over the past 100 years. Many other aspects of the earth’s climate also have changed over the past century or more. Some regions have become wetter, while others have suffered increased periods of drought. Frosts have decreased, and heat waves have increased in many parts of the world. Mountain glaciers have shrunk, and the sea level has risen. 

			[image: See the source image]

			Fig 1.10: Impacts of climate change on crops.

			Image source: https://sites.google.com/site/globalwarming3610/impacts/Difference-between-Climate-Change-and-Global-Warming.jpg?attredirects=0

			

			Already over the last three decades, warming has had a discernible influence at the global scale on observed changes: 

			◊	Global warming 

			◊	Shifts in precipitation patterns 

			◊	Rising global mean sea level 

			◊	The retreat of glaciers 

			◊	Decline in the extent of Arctic sea ice coverage 

			◊	River runoff increases in global mean ocean temperatures 

			◊	Widespread melting of snow and ice sheets 

			◊	Increased flood risk for urban areas and ecosystems 

			◊	Ocean acidification 

			◊	Extreme climatic events, including heatwaves 

			The impacts of climate change on agriculture have significant repercussions on livelihoods, food production, and countries’ overall economy, particularly those with agriculture-based economies in the developing world. At the same time, the agricultural sector holds significant climate change mitigation potential through reductions of greenhouse gas (GHG) emissions as well as enhancement of agricultural sequestration.

			For the past some decades, the gaseous composition of the earth’s atmosphere is undergoing a significant change, largely through increased emissions from energy, industry, and agriculture sectors; widespread deforestation; as well as fast changes in land-use and land management practices. These anthropogenic activities are resulting in an increased emission of radiatively active gases, viz., carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O), popularly known as the “greenhouse gases” (GHGs). These GHGs trap the outgoing infrared radiations from the earth’s surface and thus raise the atmosphere’s temperature. The global mean annual temperature at the end of the twentieth century, resulting from GHG accumulation in the atmosphere, has increased by 0.4–0.7 °C above that recorded at the end of the nineteenth century. The past 50 years have shown an increasing trend in temperature at 0.13 °C per decade. In contrast, the rise in temperature during the past one and half decades has been much higher. The Intergovernmental Panel on Climate Change has projected the temperature increase to be between 1.1 and 6.4 °C by the end of the twenty-first century (IPCC 2007 ). 

			Global warming is expected to lead to other regional and global climate-related parameters such as rainfall, soil moisture, and sea level. Snow cover is also reported to be gradually decreasing. Therefore, concerted efforts are required for mitigation and adaptation to reduce agriculture’s vulnerability to the adverse impacts of climate change and make it more resilient.

			The fourth assessment report of the IPCC indicates that agriculture will be affected by long-term trends in mean temperature, precipitation, and winds and by increasing climate variability associated with greater frequency and severity of extreme events such as droughts and floods. Changes in the hydrological cycle will affect agriculture in general and food production specifically. Changing wind speeds and directions will also affect crop and animal productivity. At least 22 % of the area under the most important crops globally is expected to suffer negative impacts from climate change by 2050. 

			In sub-Saharan Africa and Asia, 56 % and 21 % of crops, respectively, are expected to be negatively affected. Impacts on livestock production are likely to be both direct, for example, productivity losses (physiological stress) owing to temperature increases, and indirect, for example, changes in the availability, quality, and prices of inputs such as fodder, energy, disease management, housing, and water. 

			The distribution and virulence of pests and diseases of crops and livestock will change. New equilibrium in crop– pest–pesticide interactions will affect crop production. Changes in agrobiodiversity will have impacts, for example, on pollination. Crops in some areas may benefit from carbon fertilization. However, evidence from field trials suggests yield effects may be lower than hoped. Climate change will also impact the effectiveness of irrigation, nutritional value of foods, and safety in food storage and distribution.

			Most rural and urban communities’ ability to cope and adapt when confronted with economic and social shocks and changes is high but needs ongoing, robust support. With increasing climate variability and shocks to agricultural food production, farmers have added disincentives to reinvest. Over time, this might lead to cumulative reductions in income and food security. Lack of reinvestment can diminish farmers’, communities,’ and governments’ abilities to meet the threshold levels of capital needed to transform farming systems in response to long-term climate shifts, such as changing from a rice system to wheat or small grains. 

			The combination of failing household risk management and failure to adapt to progressive climate change might entrench poverty traps and food insecurity. Farming systems and farmers will differ enormously in their capacities to respond to climate change. Differentiated adaptation strategies and enhanced climate risk management support to agriculture and farming households are critical to counter climate change. At the same time, our climate is being influenced by GHG emissions from agriculture, responsible for an estimated 10–12 % of total GHG emissions or 30% when considering land-use change, including deforestation driven by agricultural expansion for food, fiber, and fuel. 

			The sector is responsible for 47 % of the world’s methane (CH4) and 58 % of its nitrous oxide (N2O) emissions. Methane contributes 3.3 gigatons (Gt) of carbon dioxide equivalent (CO2e) per year, primarily from enteric fermentation in livestock. Nitrous oxide contributes 2.8 Gt CO2e per year, mainly as emissions from soils due to the application of nitrogen fertilizers and as nitrogen excreted in livestock feces and urine. Carbon dioxide (CO2) accounts for only a small proportion of agricultural emissions. Agricultural soils both emit and absorb large carbon dioxide fluxes, resulting in a small net emission of 40 megatons (Mt) CO2e, less than 1 % of global anthropogenic CO2 emissions.

			1.4	Food Security and Climate Change

			Many countries worldwide face food crises due to conflict and disasters. In contrast, food security is being adversely affected by unprecedented price hikes for basic food, driven by historically low food stocks, high oil prices, and growing demand for agrofuels and droughts and floods linked to climate change. 

			[image: See the source image]

			Fig 1.10 Food security

			Image source: https://i.unu.edu/media/unu.edu/publication/67298/sdg2illus.png

			High international cereal prices have already sparked food riots in several countries. Also, rural people (who feed the cities) are now, for the first time, less numerous than city dwellers, and developing countries are becoming major emitters of greenhouse gases. Many traditional equilibria are changing, such as those between food crops and energy crops and cultivated lands and rangelands, as is the nature of conflicts in general. These changing equilibria will be affected by changing climate, resulting in changes and additional vulnerability patterns. 

			The IPCC predicts that during the next decades, billions of people, particularly those in developing countries, will face changes in rainfall patterns that will contribute to severe water shortages or flooding and rising temperatures that will cause shifts in crop growing seasons. This will increase food shortages and the distribution of disease vectors, putting populations at greater health and life risks. The predicted temperature rise of 1–2.5 °C by 2030 will have serious effects, including reduced crop yield in tropical areas.

			 The impact of a single climate-, water-, or weather-related disaster can wipe out years of gains in economic development. Climate change will result in additional food insecurities, particularly for the resource-poor in developing countries who cannot meet their food requirements through market access. Communities must protect themselves against the possibility of food-shortage emergencies through the appropriate use of resources to preserve livelihoods and lives and property. 

			It is imperative to identify and institutionalize mechanisms that enable the most vulnerable to cope with climate change impacts. This requires collaborative thinking and responses to the issues generated by the interaction of food security, climate change, and sustainable development. Agriculture and food systems must improve and ensure food security, and to do so, they need to adapt to climate change and natural resource pressures and contribute to mitigating climate change. These challenges, being interconnected, have to be addressed simultaneously.

			1.4.1	Food Security 

			One of the first planetary boundaries, perhaps the most important one, is that the world needs to feed itself. But today, almost one billion people are hungry. Another billion are malnourished, lacking essential micronutrients. While, globally, enough food is being produced to feed the entire world, one-third of it is lost or wasted. Low incomes and problems of distribution mean that access to food is still out of reach for one out of six people on our planet. By 2050, food 1 Introduction11 production has to increase, in quantity, quality, and diversity, especially in developing countries. 

			Population and income growth will drive an ever-increasing demand, especially in developing countries. Assuming these trends continue, FAO estimates that production has to increase by 60 % between now and 2050, especially in developing countries. Agriculture is also an essential driver of economic growth, particularly in rural areas and least developed countries. At the national level, boosting agricultural production stimulates overall economic growth and development, particularly in those countries with a high economic dependence on agriculture. According to the World Bank (2008), investment in agriculture is particularly efficient in creating new jobs. Agricultural and rural development acts as an engine for sustainable economic development, making an effective contribution to national economic growth. 

			At the community level, agricultural development increases farm productivity, reduces food deficits, increases food surpluses, and raises incomes. Improved agriculture production provides opportunities to sustainably reduce poverty, food insecurity, and malnutrition, thereby improving livelihoods. At the same time, food production and consumption already exert a considerable impact on the environment. 

			Food systems rely on resources, especially land, water, biodiversity, and fossil fuels, becoming ever more fragile and scarce. Agriculture is essential for a green economy. FAO considers that there can be no green economy without agriculture. This is why FAO proposed “Greening Economy with Agriculture” as the basis key message for Rio+20 (FAO 2012b ).

			1.4.2	Green Economy 

			[image: See the source image]

			Fig 1.11 Green economy framework

			Image source: https://followgreenliving.com/wp-content/uploads/2014/04/green-eco.jpg

			A green economy is defined as “An economy that results in improved human well-being and social equity, while significantly reducing environmental risks and ecological scarcities” (UNEP 2010 ). 

			Practically speaking, a green economy is one whose growth in income and employment is driven by investments that simultaneously: 

			◊	Reduce carbon emissions and pollution. 

			◊	Enhance energy and resource-use efficiency. 

			◊	Prevent the loss of biodiversity and ecosystem services. 

			As per the definition of the concept, green economy objectives should resonate with sustainable development agendas, highlighting a concern with human well-being and social equity – both now and for future generations – and balancing risks and scarcities faced by peoples across the globe. 

			As stated in the outcome document of the Rio+20 conference, the “green economy in the context of sustainable development and poverty eradication will enhance our ability to manage natural resources sustainably and with lower negative environmental impacts, increase resource efficiency, and reduce waste.” Climate-resilient agriculture contributes to the goals of making sustainable development concrete. It integrates the three dimensions of sustainable development in addressing food security and climate concerns in a forward-looking perspective. It is guided by the need for more resource efficiency and resilience. 

			These principles are also central in the Rio+20 outcome documents, which recognize resource efficiency as key to a green economy and affirm the need to enhance agriculture’s resilience.

			1.4.3	Ensuring Food Security

			The world is producing enough food, but in 2010–2012, there were still almost 870 million people estimated to be undernourished. In addition, another billion people are malnourished, lacking essential micronutrients. The paradox is that at the same time, a large number of people, mainly in richer countries, are overeating causing long-term health problems and that 60 % of the malnourished are food producers, smallholders, and pastoralists, with 20 % living in cities and 20 % landless rural people. 

			For the poor producers, food is not only a basic need; it is the single, and often fragile, the support they have for maintaining their livelihood. What is true at the household level is also true at the macroeconomic level. There are 32 countries, 20 of them in Africa, facing food crises and in need of international emergency support. In most of these countries, paradoxically, agriculture is an important, if not the major, part of the economy. The objective is to ensure food and nutrition security worldwide. 
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