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			Preface

			Agriculture is positively affected by climate change and the weather. While farmers are often able to deal with weather and year-to-year variability, there is nevertheless a high degree of adaptation to the local climate in the form of infrastructure, local agriculture practice and personal experiences. Climate change can therefore be expected to have an impact on agriculture, potentially harming established elements of farming systems but also providing opportunities for improvement. As our climate persists to heat up and the impacts of this warming are becoming more frequent and more serious, farmers and agricultural groups around the world will be increasingly challenged. And farmers would not be spared the damage that climate change is already beginning to inflict. Agriculture is a major source of GHGs, which contribute to the greenhouse effect and climate change. However, the changing climate is having far-reaching impacts on agricultural production, which are likely to challenge food security in the future. A majority of agricultural GHG emissions occur at the primary production stage and are generated through the production and use of agricultural inputs (mainly water, fertilizers, and pesticides), farm machinery, soil disturbance, residue management and irrigation. While the agriculture sector is responsible for climate change due to GHG emissions, it is also severely impacted by the effects of changing climate. Climate change is threatening agricultural growth with frequent dry spells, heat waves and erratic rainfall. With increasing population and the need to enhance food production, one has to address the challenge of meeting the growing demand for food production while controlling and reducing the GHG emissions from agriculture. 

			This book is designed to cover the economic impact of climate change on agriculture on a worldwide scale. Does the book focus on how global food production will be affected by climate change in the future? This book discusses the effects of climate change on agriculture. The information in this book shows that the effects of climate change on agriculture and food systems could be more far-reaching than previously understood. Can approaches to a healthy and sustainable food future be identified? The scale of change required to meet the sustainable development goals, including those of no poverty, zero hunger and the urgent action needed to address climate change, will necessitate the transformation of local and global food systems. The book is intended to concern a wide range of processes through which climate change could potentially impact global-scale agricultural productivity and presents projections of changes in relevant meteorological, hydrological and plant physiological quantities from a climate model ensemble to illustrate key areas of uncertainty. This book covers state-of-the-art information for adaptation to climate change in food production systems. 
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			Chapter 1. Introduction to Climate-Smart Agriculture

			Climate-Smart Agriculture (CSA) is defined as agricultural practices that sustainably increase productivity and system resilience while reducing greenhouse gas emissions¹. CSA helps ensure that climate change adaptation and mitigation are directly incorporated into agricultural development planning and investment strategies. Our perspective on CSA is sustainable agriculture, based upon integrated management of water, land and ecosystems at a landscape scale.

			CSA is widely promoted as the future of African agriculture and as a viable answer to climate change. Because agriculture remains key to development in Africa, CSA has the potential to increase productivity and resilience while reducing the vulnerability of hundreds of millions of smallholder farmers. CSA can benefit smallholder farmers directly by increasing the efficiency of precious inputs such as labor, seeds and fertilizers, increasing food security, and opportunities for income generation. By protecting ecosystems and landscapes, CSA helps protect natural resources for future generations.

			Yet, CSA technologies and approaches alone will not increase resilience or improve the livelihoods of significant numbers of smallholders who survive within complex systems. Decades and hundreds of millions of dollars invested in research, development and technology transfer have not transformed African smallholders. Evidence shows that top-down command and control systems for technology diffusion do not generate sustainable change.

			1.1	CLIMATE CHANGE AND ITS CAUSES

			Climate change is a long-term shift in weather conditions identified by changes in temperature, precipitation, winds, and other indicators. Climate change can involve both changes in average conditions and changes in variability, including, for example, extreme events.

			The earth’s climate is naturally variable on all time scales. However, its long-term state and average temperature 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 the amount of incoming energy or the amount of outgoing energy can lead to climate change. Different factors operate on different time scales, and not all of those factors that have been responsible for changes in the earth’s climate in the distant past are relevant to contemporary climate change. 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 of time. This natural internal climate variability is superimposed on the long-term forced climate change.

			[image: C:\Users\0\Desktop\Terrapass-Blog-Climate-Change-Infographic-600@2x.png]

			

			Climate change, also called global warming, refers to the rise in average surface temperatures on Earth. An overwhelming scientific consensus maintains that climate change is due primarily to the human use of fossil fuels, which releases carbon dioxide and other greenhouse gases into the air. The gases trap heat within the atmosphere, which can have a range of effects on ecosystems, including rising sea levels, severe weather events, and droughts that render landscapes more susceptible to wildfires.

			1.1.1	Factors of Climate Change

			Climate change has occurred for as long as the earth has existed. It happens anytime earth’s climate patterns change and remain in place for a measurable amount of time. This has notably manifested itself in natural cycles of cooling and warming. Before human causes started to shift the global climate, five main factors interacted with one another as climate changes occurred. These five factors include: 

			1.	Atmosphere (air)

			2.	Biosphere (living things)

			3.	Cryosphere (ice and permafrost)

			4.	Hydrosphere (water)

			5.	Lithosphere (earth’s crust and upper mantle)

			Atmosphere (air)

			Atmosphere, the gas and aerosol envelope that extends from the ocean, land, and ice-covered surface of a planet outward into space. The density of the atmosphere decreases outward because the gravitational attraction of the planet, which pulls the gases and aerosols (microscopic suspended particles of dust, soot, smoke, or chemicals) inward, is greatest close to the surface. Atmospheres of some planetary bodies, such as Mercury, are almost nonexistent, as the primordial atmosphere has escaped the relatively low gravitational attraction of the planet and has been released into space. Other planets, such as Venus, Earth, Mars, and the giant outer planets of the solar system, have retained an atmosphere. In addition, Earth’s atmosphere has been able to contain water in each of its three phases (solid, liquid, and gas), which has been essential for the development of life on the planet.

			The atmosphere is the blanket of gases that surrounds Earth. It is held near the surface of the planet by Earth’s gravitational attraction.

			Without the atmosphere, there could be no life on Earth. The atmosphere:

			•	contains the air we breathe;

			•	protects life from harmful radiation from the Sun;

			•	helps keep the planet’s heat from the Sun from escaping back into space;

			•	is a major element of the water cycle;

			•	keeps the climate on Earth moderate compared to that of other planets.

			The atmosphere is made up of a mixture of gases, mostly nitrogen, oxygen, argon and carbon dioxide. It reaches over 500km above the surface of the planet. There is no exact boundary between the atmosphere and outer space. Atmospheric gases become thinner the higher up you go. The atmosphere just keeps getting less and less dense until it “blends” into outer space.

			The atmosphere is divided into four layers based on temperature: the troposphere, stratosphere, mesosphere, and thermosphere.

			Biosphere (living things)

			Biosphere, relatively thin life-supporting stratum of Earth’s surface, extending from a few kilometers into the atmosphere to the deep-sea vents of the ocean. The biosphere is a global ecosystem composed of living organisms (biota) and the abiotic (nonliving) factors from which they derive energy and nutrients.

			Before the coming of life, Earth was a bleak place, a rocky globe with shallow seas and a thin band of gases—largely carbon dioxide, carbon monoxide, molecular nitrogen, hydrogen sulfide, and water vapor. It was a hostile and barren planet. This strictly inorganic state of Earth is called the geosphere; it consists of the lithosphere (the rock and soil), the hydrosphere (the water), and the atmosphere (the air). Energy from the Sun relentlessly bombarded the surface of the primitive Earth, and in time—millions of years—chemical and physical actions produced the first evidence of life: formless, jellylike blobs that could collect energy from the environment and produce more of their own kind. This generation of life in the thin outer layer of the geosphere established what is called the biosphere, the “zone of life,” an energy-diverting skin that uses the matter of Earth to make the living substance.

			The biosphere is a system characterized by the continuous cycling of matter and an accompanying flow of solar energy in which certain large molecules and cells are self-reproducing. Water is a major predisposing factor, for all life depends on it. The elements carbon, hydrogen, nitrogen, oxygen, phosphorus, and sulfur, when combined as proteins, lipids, carbohydrates, and nucleic acids, provide the building blocks, the fuel, and the direction for the creation of life. Energy flow is required to maintain the structure of organisms by the formation and splitting of phosphate bonds. Organisms are cellular in nature and always contain some sort of enclosing membrane structure, and all have nucleic acids that store and transmit genetic information.

			Cryosphere (ice and permafrost)

			The cryosphere contains the frozen parts of the planet. It includes snow and ice on land, ice caps, glaciers, permafrost, and sea ice. This sphere helps maintain Earth’s climate by reflecting incoming solar radiation back into space. As the world warms due to increasing greenhouse gases being added to the atmosphere by humans, the snow and ice are melting. At sea, this exposes more of the dark ocean below the ice, and on land, the dark vegetation below. These dark surfaces then absorb the solar radiation causing more melting. This creates a positive feedback loop, which exacerbates the impacts of climate change.

			The cryosphere is the part of the Earth‘s climate system that includes solid precipitation, snow, sea ice, lake and river ice, icebergs, glaciers and ice caps, ice sheets, ice shelves, permafrost, and seasonally frozen ground. The term “cryosphere” traces its origins to the Greek word ‘kryos’ for frost or ice cold.

			The cryosphere extends globally, existing seasonally or perennially at most latitudes, not just in the Arctic, Antarctic, and mountain regions, and in approximately one hundred countries. Approximately 70% of the Earth’s freshwater exists as snow or ice.

			Snow and ice data are required for weather and climate research and applications. As the cryosphere changes due to climate change, this has major impacts on society, on the availability of freshwater resources, agriculture, transportation, safety and security, hydropower production, recreation, increasing the risk of floods and droughts, and affecting the viability of ecosystems. 

			Most people on Earth depend directly or indirectly on the cryosphere. For example, as all major rivers originate from mountains, the mountain cryosphere plays an important role in providing and regulating freshwater resources for around half of the world’s population, including for those living in lowland areas, such as the Ganges-Brahmaputra Delta. Furthermore, alterations and loss of critical snow and ice are increasing the risk of related disasters.

			Hydrosphere (water)

			Hydrosphere, discontinuous layer of water at or near Earth’s surface. It includes all liquid and frozen surface waters, groundwater held in soil and rock, and atmospheric water vapor. Water is the most abundant substance at the surface of Earth. About 1.4 billion cubic km (326 million cubic miles) of water in liquid and frozen form make up the oceans, lakes, streams, glaciers, and groundwater found there. It is this enormous volume of water, in its various manifestations, that forms the discontinuous layer, enclosing much of the terrestrial surface, known as the hydrosphere.

			Central to any discussion of the hydrosphere is the concept of the water cycle (or hydrologic cycle). This cycle consists of a group of reservoirs containing water, the processes by which water is transferred from one reservoir to another (or transformed from one state to another), and the rates of transfer associated with such processes. These transfer paths penetrate the entire hydrosphere, extending upward to about 15 km (9 miles) in Earth’s atmosphere and downward to depths on the order of 5 km (3 miles) in its crust.

			Lithosphere (earth’s crust and upper mantle)

			The lithosphere is the outer solid part of the earth, including the crust and uppermost mantle. The lithosphere is about 100 km thick, although its thickness is age-dependent (the older lithosphere is thicker). The lithosphere below the crust is brittle enough at some locations to produce earthquakes by faulting, such as within a sub-ducted oceanic plate.

			The lithosphere is the solid, outer part of the Earth. The lithosphere includes the brittle upper portion of the mantle and the crust, the outermost layers of Earth’s structure. It is bounded by the atmosphere above and the asthenosphere (another part of the upper mantle) below.

			Although the rocks of the lithosphere are still considered elastic, they are not vicious. The asthenosphere is viscous, and the lithosphere-asthenosphere boundary (LAB) is the point where geologists and rheologists—scientists who study the flow of matter—mark the difference in ductility between the two layers of the upper mantle. Ductility measures a solid material’s ability to deform or stretch under stress. The lithosphere is far less ductile than the asthenosphere.

			There are two types of lithosphere: oceanic lithosphere and continental lithosphere. The oceanic lithosphere is associated with oceanic crust and is slightly denser than the continental lithosphere.

			How the Lithosphere Interacts with Other Spheres

			The cool, brittle lithosphere is just one of five great “spheres” that shape the environment of Earth. The other spheres are the biosphere (Earth’s living things); the cryosphere (Earth’s frozen regions, including both ice and frozen soil); the hydrosphere (Earth’s liquid water); and the atmosphere (the air surrounding our planet). These spheres interact to influence such diverse elements as ocean salinity, biodiversity, and landscape.

			For instance, the pedosphere is part of the lithosphere made of soil and dirt. The pedosphere is created by the interaction of the lithosphere, atmosphere, cryosphere, hydrosphere, and biosphere. Enormous, hard rocks of the lithosphere may be ground down to powder by the powerful movement of a glacier (cryosphere). Weathering and erosion caused by wind (atmosphere) or rain (hydrosphere) may also wear down rocks in the lithosphere. The organic components of the biosphere, including plant and animal, remains, mix with these eroded rocks to create fertile soil—the pedosphere.

			The lithosphere also interacts with the atmosphere, hydrosphere, and cryosphere to influence temperature differences on Earth. Tall mountains, for example, often have dramatically lower temperatures than valleys or hills. The mountain range of the lithosphere is interacting with the lower air pressure of the atmosphere and the snowy precipitation of the hydrosphere to create a cool or even icy climate zone. A region’s climate zone, in turn, influences adaptations necessary for organisms of the region’s biosphere.

			1.1.2	Causes of Climate Change

			The climate on Earth has been changing since it formed 4.5 billion years ago. Until recently, natural factors have been the cause of these changes. Natural influences on the climate include volcanic eruptions, changes in the orbit of the Earth, and shifts in the Earth’s crust (known as plate tectonics).

			Over the past one million years, the Earth has experienced a series of ice-ages (‘glacial periods’) and warmer periods (‘interglacial’). Glacial and interglacial periods cycle roughly every 100,000 years, caused by changes in Earth’s orbit around the sun. For the past few thousand years, Earth has been in an interglacial period with a constant temperature.

			However, since the Industrial Revolution in the 1800s, the global temperature has increased at a much faster rate. By burning fossil fuels and changing how we use the land, human activity has quickly become the leading cause of changes to our climate.

			Greenhouse gases and the greenhouse effect

			Some gases in the Earth’s atmosphere trap heat and stop it from escaping into space. We call these ‘greenhouse gases.’ These gases act as a warming blanket around the Earth, known as the ‘greenhouse effect.’

			Greenhouse gases come from both human and natural sources. Gases like carbon dioxide, methane, and nitrous oxide naturally occur in the atmosphere. Others, such as chlorofluorocarbons (CFCs), are only produced by human activity.

			When short-wave radiation from the sun reaches Earth, most of it passes straight through and hits the surface. The Earth absorbs most of this radiation and gives off longer-wavelength infrared radiation.

			The greenhouse gases absorb some of this infrared radiation instead of it passing straight out into space. The atmosphere then emits radiation in all directions, sending some of it back to the surface, causing the planet to heat up. This process is known as the ‘greenhouse effect.’

			However, since the Industrial Revolution, we have been adding more and more greenhouse gases into the air, trapping even more heat. Instead of keeping Earth at a warm, stable temperature, the greenhouse effect is heating the planet at a much faster rate. We call this the ‘enhanced greenhouse effect,’ and it is the main cause of climate change.

			The greenhouse effect is critical to our survival. In fact, without greenhouse gases, Earth would be about 30 degrees colder than it is today. Without greenhouse gases and their warming effect, we wouldn’t be able to survive.

			Human causes of climate change

			Humans cause climate change by releasing carbon dioxide and other greenhouse gases into the air. Today, there is more carbon dioxide in the atmosphere than there ever has been in at least the past 800,000 years. During the 20th and 21st century, the level of carbon dioxide rose by 40%.

			The causes of greenhouse gases come in lots of different ways:

			•	Burning fossil fuels – Fossil fuels such as oil, gas, and coal contain carbon dioxide that has been ‘locked away’ in the ground for thousands of years. When we take these out of the land and burn them, we release the stored carbon dioxide into the air.

			•	Deforestation – Forests remove and store carbon dioxide from the atmosphere. Cutting them down means that carbon dioxide builds up quicker since there are no trees to absorb it. Not only that, trees release the carbon they stored when we burn them.

			•	Agriculture – Planting crops and rearing animals releases many different types of greenhouse gases into the air. For example, animals produce methane, which is 30 times more powerful than carbon dioxide as a greenhouse gas. The nitrous oxide used for fertilizers is ten times worse and is nearly 300 times more potent than carbon dioxide!

			

			•	Cement – Producing cement is another contributor to climate change, causing 2% of our entire carbon dioxide emissions.

			Natural changes to the climate

			The leading cause of climate change is a human activity and the release of greenhouse gases. However, there are lots of natural causes that also lead to changes in the climate system.

			Natural cycles can cause the climate to alternate between warming and cooling. There are also natural factors that force the climate to change, known as ‘forcings.’ Even though these natural causes contribute to climate change, we know that they are not the primary cause, based on scientific evidence.

			Some of these natural cycles include:

			•	Milankovitch cycles – As Earth travels around the sun, its path and the tilt of its axis can change slightly. These changes, called Milankovitch cycles, affect the amount of sunlight that falls on Earth. This can cause the temperature of Earth to change. However, these cycles take place over tens or hundreds of thousands of years and are unlikely to be causing the changes to the climate that we see today.

			•	El Niño Southern Oscillation (ENSO) – ENSO is a pattern of changing water temperatures in the Pacific Ocean. In an ‘El Niño’ year, the global temperature warms up, and in a ‘La Niña’ year, it cools down. These patterns can affect the global temperature for a short amount of time (months or years) but cannot explain the persistent warming that we see today.

			Natural forcing that can contribute to climate change include:

			•	Solar irradiance – Changing energy from the sun has affected the temperature of Earth in the past. However, we have not seen anything strong enough to change our climate. Any increase in solar energy would make the entire atmosphere of Earth warm, but we can only see warming in the bottom layer.

			•	Volcanic eruptions – Volcanoes have a mixed effect on our climate. Eruptions produce aerosol particles that cool Earth, but they also release carbon dioxide, which warms it. Volcanoes produce 50 times less carbon dioxide than humans do, so we know they are not the leading cause of global warming. On top of this, cooling is the dominant effect of volcanic eruptions, not warming.

			Natural causes

			There are a number of natural factors responsible for climate change. Some of the more prominent ones are continental drift, volcanoes, ocean currents, the earth’s tilt, and comets and meteorites. Let us look at them in a little detail.

			Continental drift

			You may have noticed something peculiar about South America and Africa on a map of the world - don’t they seem to fit into each other like pieces in a jigsaw puzzle?

			About 200 million years ago, they were joined together! Scientists believe that back then, the earth was not as we see it today, but the continents were all part of one large landmass. Proof of this comes from the similarity between plant and animal fossils and broad belts of rocks found on the eastern coastline of South America and the western coastline of Africa, which are now widely separated by the Atlantic Ocean. The discovery of fossils of tropical plants (in the form of coal deposits) in Antarctica has led to the conclusion that this frozen land at some time in the past must have been situated closer to the equator, where the climate was tropical, with swamps and plenty of lush vegetation.

			The continents that we are familiar with today were formed when the landmass began gradually drifting apart, millions of years back. This drift also had an impact on the climate because it changed the physical features of the landmass, their position and the position of water bodies. The separation of the landmasses changed the flow of ocean currents and winds, which affected the climate. This drift of the continents continues even today; the Himalayan range is rising by about 1 mm (millimeter) every year, slowly but steadily.

			Volcanoes

			When a volcano erupts, it throws out large volumes of Sulfur dioxide (SO2), water vapor, dust, and ash into the atmosphere. Although the volcanic activity may last only a few days, yet the large volumes of gases and ash can influence climatic patterns for years. Millions of tons of Sulfur dioxide gas can reach the upper levels of the atmosphere (called the stratosphere) from a major eruption. The gases and dust particles partially block the incoming rays of the sun, leading to cooling. Sulfur dioxide combines with water to form tiny droplets of Sulfuric acid. These droplets are so small that many of them can stay aloft for several years. They are efficient reflectors of sunlight and screen the ground from some of the energy that it would ordinarily receive from the sun. Winds in the upper levels of the atmosphere called the stratosphere to carry the aerosols rapidly around the globe in either an easterly or westerly direction. The movement of aerosols north and south is always much slower. This should give you some idea of the ways by which cooling can be brought about for a few years after a major volcanic eruption.

			Mount Pinatoba, in the Philippine islands, erupted in April 1991, emitting thousands of tons of gases into the atmosphere. Volcanic eruptions of this magnitude can reduce the amount of solar radiation reaching the Earth’s surface, lowering temperatures in the lower levels of the atmosphere (called the troposphere) and changing atmospheric circulation patterns. The extent to which this occurs is an ongoing debate.

			Another striking example was in the year 1816, often referred to as “the year without a summer.” Significant weather-related disruptions occurred in New England and in Western Europe with killing summer frosts in the United States and Canada. These strange phenomena were attributed to a major eruption of the Tambora volcano in Indonesia in 1815.

			The earth’s tilt

			The earth makes one full orbit around the sun each year. It is tilted at an angle of 23.5° to the perpendicular plane of its orbital path. For one half of the year, when it is summer, the northern hemisphere tilts towards the sun. In the other half, when it is winter, the earth is tilted away from the sun. If there was no tilt, we would not have experienced seasons. Changes in the tilt of the earth can affect the severity of the seasons - more tilt means warmer summers and colder winters; less tilt means cooler summers and milder winters.

			The Earth’s orbit is somewhat elliptical, which means that the distance between the earth and the Sun varies over the course of a year. We usually think of the earth’s axis as being fixed, after all, it always seems to point toward Polaris (also known as the Pole Star and the North Star). Actually, it is not quite constant: the axis does move at the rate of a little more than a half-degree each century. So Polaris has not always been, and will not always be, the star pointing to the North. When the pyramids were built, around 2500 BC, the pole was near the star Thuban (Alpha Draconis). This gradual change in the direction of the earth’s axis, called precession, is responsible for changes in the climate.

			Ocean currents

			The oceans are a major component of the climate system. They cover about 71% of the Earth and absorb about twice as much of the sun’s radiation as the atmosphere or the land surface. Ocean currents move vast amounts of heat across the planet - roughly the same amount as the atmosphere does. But the oceans are surrounded by landmasses, so heat transport through the water is through channels.

			Winds push horizontally against the sea surface and drive current ocean patterns.

			Certain parts of the world are influenced by ocean currents more than others. The coast of Peru and other adjoining regions are directly influenced by the Humboldt current that flows along the coastline of Peru. The El Niño event in the Pacific Ocean can affect climatic conditions all over the world.

			Another region that is strongly influenced by ocean currents in the North Atlantic. If we compare places at the same latitude in Europe and North America, the effect is immediately obvious. Take a closer look at this example - some parts of coastal Norway have an average temperature of -2°C in January and 14°C in July; while places at the same latitude on the Pacific coast of Alaska are far colder: -15°C in January and only 10°C in July. The warm current along the Norwegian coast keeps much of the Greenland-Norwegian Sea free of ice even in winter. The rest of the Arctic Ocean, even though it is much further south, remains frozen.

			Ocean currents have been known to change direction or slow down. Much of the heat that escapes from the oceans is in the form of water vapor, the most abundant greenhouse gas on Earth. Yet, water vapor also contributes to the formation of clouds, which shade the surface and have a net cooling effect.

			Any or all of these phenomena can have an impact on the climate, as is believed to have happened at the end of the last Ice Age, about 14,000 years ago.

			

			1.2	CLIMATE CHANGE AND AGRICULTURE

			Agriculture is one of the main economic activities in the world, with its significance magnified, especially among the world’s poor. Agricultural activities in most developing countries entirely depend on rainfall patterns, on the contrary, climate change has emerged as an environmental challenge with adverse impacts expected on food security. This is mainly through incidences of changes in water availability, floods and drought. For example, changes in temperature and precipitation, including drought, affect crop and livestock yield, hydrologic balances, input supplies and other components of agricultural systems. Equally important, environmental degradation is one of the drivers of climate change that further undermines the sustainability of agriculture. Climate change is real and already taking place. According to the intergovernmental panel on climate change (IPCC), warming temperatures are projected to cause more frequent and more intense extreme weather events such as heavy rainstorms, flooding and tropical storms and in some cases, drought in many parts of the country. Agriculture is one of the most climate-sensitive sectors, with projections that 800 million people are currently food insecure. Additionally, it has the potential to undermine advances in poverty reduction and sustainable development. Thus, fundamental changes in agricultural systems are needed because climate change poses new and serious challenges for farmers hence food insecurity. Most important, agricultural adaptation and mitigation pathways need to be developed so as to avoid further threats to food security.

			The agricultural sectors are a major contributor to global greenhouse gas emissions. As indicated in the overview of this module, FAO estimates that emissions from the AFOLU sector directly accounted for 22 percent of total global emissions in 2010. These emissions are the result of natural processes and agricultural practices, which makes them more difficult to control and measure. If the emissions caused by energy use within the food value chains are included, the share of greenhouse emissions increases to more than 30 percent. As an integral part of the economy, the agricultural sectors have been called upon to contribute to mitigating climate change. The critical question is how and to what extent agriculture production systems and food systems can contribute to climate change mitigation without compromising food and nutrition security. 

			Agricultural production systems and food systems can contribute to mitigating climate change and still keep their focus on a ‘food security first’ objective in a number of other ways. One way is to improve efficiency by decoupling production growth from emissions growth. This involves reducing emissions per kilogram of food output. Also, if the crop and livestock production and forestry sectors are managed sustainably, they can act as ‘sinks,’ capturing and storing carbon in biomass and soil. Their management can play an essential role in managing climate change, especially in the long term. The IPCC estimates that nine-tenths of the global mitigation potential of agriculture is linked, not to reduction of agricultural greenhouse gas emissions but to managing land carbon stocks. This calls for overall improvements in soil fertility, which involves enhancing soil carbon sequestration, reducing tillage, improving grazing and manure management, and restoring organic soils and degraded lands. It should be noted that within food value chains, reductions of emissions at some stages could lead to increases elsewhere. For instance, depending on the efficiency of production systems, shorter food chains could reduce emissions from transport but increase emissions from agricultural production. The impact of mitigation interventions at the different stages of the food value chain will depend on the level of development the country has reached. When looking at challenges and opportunities to reduce greenhouse gas emissions in the agriculture sectors, it is paramount to look beyond the production stage and consider the whole food value chain and the relationship agriculture production systems have with other land uses especially forestry.

			1.2.1	Conceptual Approaches

			Agricultural production is carried out through the selection of crops suitable for the climate of a specific region and the application of proper farming methods. Therefore, agriculture is a climate-dependent bio-industry with notable regional characteristics. Regional characteristics refer to the ecosystem characteristics determined by the climate of the region. Climate change disturbs the agricultural ecosystem, resulting in the change in agricultural climatic elements such as temperature, precipitation, and sunlight, while further influencing the arable, livestock, and hydrology sectors.

			The flow of the impacts of climate change on the agricultural sector can be illustrated as shown in 1ure 5. First of all, the impacts of climate change on the arable and livestock sector are made known by biological changes, including the change of flowering and harvesting seasons, quality change, and shift of areas suitable for cultivation. Climate change affects the agricultural ecosystem, giving rise to blights and pests and causing population movement and change in biodiversity. In the livestock sector, climate change brings about biological changes in areas such as fertilization and breeding and also affects the growing pattern of pastures.
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			Figure 1. The flow of climate change impacts the agricultural sector.

			Climate change affects the hydrology, including underground water level, water temperature, river flow, and water quality of lakes and marshes, by impacting precipitation, evaporation, and soil moisture content. In particular, the increase of precipitation by climate change leads to an increase in outflow while the temperature rise increases evaporation, resulting in the reduction of outflow. In order to understand the quantitative impacts of climate change on water resources, a deterministic hydrology model, based on the general circulation model, is used. 

			As illustrated above, climate change has a wide range of impacts on the rural economy, including agricultural productivity, revenues of the farm household and asset values, and it also affects the agricultural infrastructure through the change in water sources available for agriculture. 

			So far, the quantitative analyses on the impacts of climate change on the agricultural sector have been experimental, centering on cross-sectional analysis. The experimental analyses are carried out on the basis of agro-economic simulation models. They are similar to the controlled experiments in which related variables are regulated, in that variables related to greenhouse gases such as temperature levels and carbon dioxide emissions levels are regulated. 

			In these experiments, the impact of climate change on agricultural production can also be estimated. Agro-ecological zone analysis is carried out by using the crop simulation model (called the crop model for short) that tracks the changes in agricultural production and agro-ecological zones that have resulted from climate change. Crop growth is determined by the combined action of three elements being the genetic characteristics of the crop, cultivation technology, and environment (climate, soil, etc.). The crop model refers to a computer program that can estimate the crop growth and its quantity when these three elements are entered. Using the crop model, it is possible to estimate and analyze agricultural production under climate change. The Crop estimation through the Resource and Environment Synthesis (CERES) model developed in the USA by integrating the crop model and the resource environment can assume a certain situation that is likely to happen and forecast its possible results.

			To analyze how and to what extent the change in temperature and precipitation following global warming affects the agricultural sector, various experiments, simulations and research methods are carried out both in laboratories and in the field. As the impacts of climate change on the agricultural sector vary with the related variables, it is difficult to generalize certain analytical results. Therefore, what is attempted here is to classify the impacts of climate change into positive and negative ones based on the results that researchers have gathered thus far in related fields (Figure 2). 
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			Figure 2. Potential impacts of global warming on the agricultural sector.

			The positive impacts of global warming include the increase in crop productivity due to fertilization effect caused by the increase in carbon dioxide concentration in the atmosphere, expansion of the areas available for the production of tropical and/or subtropical crops, expansion of two-crop farming due to the increased cultivation period, reduction of damages of winter crops by low temperature, and reduction of heating cost for agricultural crops grown in the protected cultivation facilities.

			Negative impacts of global warming include reduced crop quantity and quality due to the reduced growth period following high levels of temperature rise; reduced sugar content, bad coloration, and reduced storage stability in fruits; the increase of weeds, blights, and harmful insects in agricultural crops; reduced land fertility due to the accelerated decomposition of organic substances; and increased soil erosion due to the increased rainfall. 

			In addition, each crop requires different climate and environmental conditions to grow. So, if climate change, like temperature rise, occurs, the boundary and suitable areas for cultivation move north and thus, the main areas of production also change. The change in the main areas of production might be a crisis for certain areas but might be an opportunity for other areas, so it cannot be classified either as a positive or as a negative impact. 

			In sum, the impacts of climate change on the agricultural sector have ambivalent characteristics of positive impacts creating opportunities and of negative impacts with costs. Therefore, it is very important to formulate adaptation strategies that can maximize the opportunities and minimize the costs that will lead to sustainable agriculture development.

			1.2.2	Climate Change Impacts on Agriculture

			Climate change and variability are concerns of human beings. The recurrent droughts and floods seriously threaten the livelihood of billions of people who depend on land for most of their needs. The global economy is adversely being influenced very frequently due to extreme events such as droughts and floods, cold and heatwaves, forest fires, landslips etc. Natural calamities like earthquakes, tsunamis and volcanic eruptions, though not related to weather disasters, may change the chemical composition of the atmosphere. It will, in turn, lead to weather-related disasters. Increase in aerosols (atmospheric pollutants) due to the emission of greenhouse gases such as Carbon Dioxide due to burning of fossil fuels, chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) etc., Ozone depletion and UV-B filtered radiation, the eruption of volcanoes, the “human hand” in deforestation in the form of forest fires and loss of wetlands are causal factors for weather extremes. The loss of forest cover, which normally intercepts rainfall and allows it to be absorbed by the soil, causes precipitation to reach across the land, eroding topsoil and causes floods and droughts. Paradoxically, the lack of trees also exacerbates drought in dry years by making the soil dry more quickly. Among the greenhouse gases, CO2 is the predominant gas leading to global warming as it traps longwave radiation and emits it back to the earth’s surface. Global warming is nothing but heating of surface-atmosphere due to the emission of greenhouse gases, thereby increasing global atmospheric temperature over a long period of time. Such changes in surface air temperature and consequent adverse impact on rainfall over a long period of time are known as climate change. If these parameters show year-to-year variations or cyclic trends, it is known as climate variability.

			The impact of climate change on agriculture will be one of the major deciding factors influencing the future food security of mankind on the earth. Agriculture is not only sensitive to climate change but also one of the major drivers for climate change. Understanding the weather changes over a period of time and adjusting the management practices towards achieving better harvest are challenges to the growth of the agricultural sector as a whole. The climate sensitivity of agriculture is uncertain, as there is regional variation in rainfall, temperature, crops and cropping systems, soils and management practices. The inter-annual variations in temperature and precipitation were much higher than the predicted changes in temperature and precipitation. The crop losses may increase if the predicted climate change increases the climate variability

			Different crops respond differently as global warming will have a complex impact. The tropics are more dependent on agriculture as 75% of the world population lives in the tropics and two-thirds of these people’s main occupation is agriculture. With low levels of technology, a wide range of pests, diseases and weeds, land degradation, unequal land distribution and rapid population growth, any impact on tropical agriculture will affect their livelihood. Rice, wheat, maize, sorghum, soybean and barley are the six major crops in the world grown in 40% cropped area and contribute to 55% of non-meat calories and over 70% of animal feed. Consequently, any effect on these crops would adversely affect food security.

			Climate change will affect the agricultural sectors in many ways, and these impacts will vary from region to region. For example, climate change is expected to increase temperature and precipitation variability, reduce the predictability of seasonal weather patterns and increase the frequency and intensity of severe weather events, such as floods, cyclones and hurricanes. Some regions are expected to face prolonged drought and water shortages. The Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report (IPCC) also points out that changes in climate and carbon dioxide concentrations will enhance the distribution and increase the competitiveness of important invasive weeds. As a result of climate change, some cultivated areas may become unsuitable for crop production, and some tropical grasslands may become more arid. In sub-Saharan Africa alone, projections predict a loss of 10-20 million hectares of land available for double cropping systems and 5-10 million hectares for triple cropping systems as a result of climate change. Those changes will have direct effects on agricultural production, which, in turn, will have economic and social consequences that will be reflected in the prevalence of food insecurity. The impacts range from yield reductions, increased yield variability, displacement of crops and livestock breeds, and the loss of agricultural biodiversity and ecosystem services. A large body of evidence points to a prevalence of negative outcomes, with many agricultural systems becoming less productive and some plant and animal species disappearing. Among the most affected areas are economically vulnerable countries that are already food insecure and food-exporting countries. Consequently, climate change is expected to increase the gap between developed and developing countries, which will be further exacerbated by the relatively lower technical and economical capacities of developing countries to respond to new threats. 

			In terms of impacts, it is necessary to differentiate between increased variability and slow onset changes. The potential impacts of increased variability are often less emphasized than slow-onset changes for a variety of reasons. This is because these impacts are less well known even though they will be felt first (HLPE). The impacts of increased variability are situated between the much-emphasized category of ‘extreme events’ and the much more ‘easier to grasp’ business-as-usual category of actual variability. It is important to distinguish between these two categories of impacts to highlight two ways to adapt, each with different time ranges: increasing resilience now to be prepared for more variability and increasing adaptive capacities and preparedness for slow-onset changes. Furthermore, being prepared for increased variability is also a way to prepare for any other change, whatever it may be.

			1.2.3	Climate Change and Food Security

			Food security exists when all people at all times have physical or economic access to sufficient safe and nutritious food to meet their dietary needs. Global food security refers to the situation where each person, member of any household is having physical and economic access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life. That food has to be affordable, safe and healthy, culturally acceptable, meeting specific dietary needs of the people and is obtained in a dignified manner, produced in ways that are environmentally sound and socially just. Thus there should be no perceived inadequacy of the household food supply expressed through concerns about running out of food and not having enough food to make a meal or malnourished as a result of physical unavailability of food, lack of socio-economic access to food or inadequate food utilization.

			The World’s efforts to meet the Millennium Development Goal of cutting hunger in half by 2015 are far from reach. With the world’s population set to reach 9 billion by 2050, agricultural production will need to increase by 70% in order to meet demand. Climate change adds a new dimension to this challenge as it is one of the key drivers of change affecting the food system and contributing to rising food prices. It leads to changes in growing seasons and rainfall patterns and the increased frequency of extreme events such as droughts and floods. It has been estimated by the United Nations Environment Program that up to 25 percent of world food production could be lost by 2050 as a result of climate change, water scarcity and land degradation.

			In the developing world, nearly 1 billion people are unable to meet their dietary needs. Another 5-10% is at risk of ‘acute’ food insecurity in times of crisis. Despite improvements, the millennium development goal on hunger is likely to be missed by a wide margin in areas like Sub-Saharan Africa, where persistent food insecurity is compounded by widespread political instability, conflict and the HIV/AIDS pandemic. The UN Food and Agriculture Organization estimates that 820 million people in developing countries are suffering from malnutrition. In a world in which nearly half the population survives on $2/day or less, more than 800 million people go to sleep hungry any given night, and a child dies every five seconds due to hunger-related complications, the need to respond to the needs of the poor for food is ever-present and widespread. Despite the universal recognition of every person’s right to food, vulnerability to hunger remains a daily reality for many.

			The United States of America and the European Union together provide about two-thirds of global food aid deliveries. The United States of America is by far the most important donor of food aid both for bilateral program aid and as the main contributor to the World Food Program. The World Food Program (WFP) is the primary agency responsible for administering multilateral food aid. The WFP and various NGOs administer project food aid to support a wide range of developmental projects targeting the poor in developing countries. Others include the UN Food and Agriculture Organization (FAO), the Food Aid Convention (FAC) and the World Trade Organization (WTO). All these organizations have different mandates and are concerned with different aspects of the provision of food aid. Many organizations around the world are working to find ways to produce the food needed in a sustainable way, within the limits of what our ecosystems can support for current and future generations, and to safeguard this production from the impacts of climate change. Food security is the outcome of food system processes all along the food chain. Climate change will affect food security through its impacts on all components of global, national and local food systems. It is important to note that climate change variables influence biophysical factors, such as plant and animal growth, water cycles, biodiversity and nutrient cycling, and the ways in which these are managed. Agriculture is the primary source of livelihood among many rural populations.

			Causes of global food insecurity

			There are many causes of global food insecurity and most of them are region-specific, except climate change, where impacts are felt globally. Some are human causes like the destruction of fertile lands and others are non-human like natural disasters (e.g., floods). While human destruction of his mother nature through careless management practices have impacted negatively on his ability to produce enough food for the population, the contribution that humans make to climate change is potentially causing increased food insecurity globally. Industrialization, modern agricultural practices and the need to produce for the market without thinking about environmental sustainability have had a disastrous effect as climate change has set in. In some areas, sea levels have risen and increased incidence of extreme events posing a danger and threatening livelihoods and, at the same time, increasing the vulnerability to future food insecurity in the world. Climate change has also been a cause of more frequent and more intense extreme weather events like increasing irregularities in seasonal rainfall patterns. The changing growing seasons have shifted ecological niches.

			Coastal freshwater are being contaminated with salt water and people do not get fresh water for domestic use and plants or food crops that are not salt-tolerant cannot be grown. Storm surges become common occurrences together with flooding. This hinders people living along coast from growing food crops. Increased temperature also leads to heat stress for plants which increase evaporation and lowers productivity.

			Rainfall is becoming more unpredictable and unreliable and has become a common occurrence leading to greater uncertainty among farmers and their traditional agricultural knowledge and coping strategies. The phenomenon has had an immediate impact on food production, distribution, infrastructure, livelihoods and human health in all parts of the world. Where climate change has influenced rainfall and temperature patterns, the suitability of land for different types of crops and pasture is affected, including the health and productivity of forests, the distribution, productivity and community composition of marine resources and the increased incidence of pests and diseases. It also affects the functioning of biodiversity and ecosystem of natural habitats; and the availability of good-quality water for crops, livestock and inland fish production. It may also increase the aridity of arable lands, induce drought and deforestation, can increase fire danger with consequent loss of the vegetative cover needed for grazing and fuelwood. It also leads to depletion of groundwater and induces internal and international migration, thereby triggering resource-based conflicts and civil unrest in either area of origin or destination. Conflicts over water resources will have implications for both food production and people’s access to food in conflict zones. Production from both rain-fed and irrigated agriculture in dryland ecosystems accounts for approximately 25 percent, and rice produced in coastal ecosystems for about 12 percent.

			Natural fall-back mechanisms during food crisis may also be affected. These include the disappearance of traditional fruits, herbs, vegetables, mushrooms, wild foods and other coping mechanisms. It is expected that as the world climate continues to change, 5 000 plant species in sub-Saharan Africa will decrease in size or shift to other agro-ecological zones due to climate change. All these impacts have a negative influence on the food security of the people living in the affected areas. At the same time, people may resort to unfamiliar ways of surviving and countering food insecurity. It was observed that people might decide not to migrate but find new, unfamiliar ways of earning a living. FAO has been instrumental in assisting various communities all over the world in developing the right food production technologies aimed at boosting food security. They possess technical expertise relevant to climate change adaptation in a variety of ecosystems, including agroecosystems (crops, livestock, grasslands), forests and woodlands, inland waters, and coastal and marine ecosystems. It works to build national, local and community-level capacities to raise awareness of and prepare for climate change impacts, assists member countries in identifying potential adaptation options and helps local people understand which are the most applicable to their particular circumstances.
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