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			Preface

			This book deals with the importance of opportunities for enhancing resilience to climate change through agroforestry. This book will be useful, in one way or another, for researchers, academicians, extension workers, policymakers, planners, officials in development institutions/agencies, producers, farmers, and students of rainfed areas. Human beings are an integral part of the environment. As the environment influences humans, so do humans influence the environment? This influence has become so dominant that we are losing the environment. Our future generations will be deprived of environmental benefits.

			This book is a modest attempt to help students understand the value and importance of the environment and learn environment management techniques and strategies to ensure sustainable resource use.

			The goal is to recognize all the feasible management and sustainability techniques to preserve our environment through Agroforestry Systems successfully. This is the most important step which everyone around the globe needs to take. As temperature increases, we are losing a bit of ocean, forest, flora, fauna, and much more with each passing second. For preserving every part of nature, students need to learn the management and importance.

			We try our best to cover all the methods and techniques used in Agroforestry, from traditional systems to new technologies. The importance of proper management and knowledge is explained in a good way. Once the importance is understood, it will be easier to recognize the best approach for looking after Mother Nature.
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			Chapter 1. Agriculture and Climate Change: Global Perspectives

			1.1	Introduction

			Climate, an average of the weather conditions at a particular location (Months or years). In simple words, your area’s climate will be the temperature (on average) of one week, one month, or years.

			Climate Change is shifting weather patterns that threaten production (food, seafood), increases temperature, rising sea levels. Scientists have found that the earth’s climate is changing as the earth’s average temperature is about 15C, but now it’s rising rapidly. It has been said that from 1990 to 2010 have been the warmest period in the entire global instrumental temperature record started in the min-19th century. Several agencies, including NASA and NOAA, named 2016 as the warmest year. According to scientists of Goddard Institute of Space Studies, 2020 edged out 2016 by a small amount, within the margin of error of the analysis, making it the warmest year on record. In 2020 we can discuss the Australia Bush Fire as an event that contributed to the year’s average temperature. Australian Bush Fire burned 46 million acres of land that released smoke more than 18 miles high in the atmosphere. This smoke blocked sunlight and caused other issues. Enormous progress has been made in increasing our understanding of climate change and its causes. A clearer picture of current and future impacts is emerging. Research is also shedding light on actions that might limit the magnitude of climate change and adapt to its impact. There is consensus among the majority of climate scientists that human activities, especially the burning of fossil fuels (coal, oil, and gas), are responsible for most of the climate change currently being observed.

			

			1.2	Global Climate Change: Concepts and Effects

			1.2.1	What is Climate Change?

			Before starting this topic and going into details, let’s discuss the difference between climate and weather. Many people think both are the same and are confused about this. The difference between weather and climate is a measure of time. Weather is what’s going on in the atmosphere at a location during a short period. Climate is changing in the atmosphere at a location during a  long period of like 30 years. Weather is measured in precipitation, wind speed, temperature, air pressure, rain, hail, snow, sleet, ice storms, thunderstorms, heat waves, and cloud cover. Weather occurs in the troposphere (lowest region of the atmosphere). Almost all precipitation develops in the troposphere. 

			If we start talking about climate change, we talk about changes in the average daily weather in a long time period. We always hear our elders’ stories about how the weather was good earlier or how the snow was always piled up. Scientists define climate as the average weather for a region and time (usually over 30 years). While talking about climate, scientists include precipitation, temperature, humidity, sunshine, fog, hail storms, etc. After looking at the lake’s water levels and rain data, it is possible to tell the earlier weather condition in that area. Shifting weather patterns results in changing climate; this sort of change threatens production through increased unpredictability of precipitation; rising sea levels contaminate coastal freshwater reserves and increase the risk of catastrophic flooding. A warming atmosphere aids the pole-ward spread of pests and diseases once limited to the tropics.

			[image: The Effects of Climate Change Part 3 and 4. Section 3: The effect of climate  change ◊Recap over the notes from the last day ◊What is the difference  between. - ppt download]

			Fig. 1.1 Effects of climate change 

			https://images.slideplayer.com/13/4119520/slides/slide_5.jpg

			1.2.2	Greenhouse Effect

			Current climate change is mainly caused by human activities that release greenhouse gases into the atmosphere. Greenhouse gases are water vapor, methane, ozone, carbon dioxide, nitrous oxide, etc. Living on earth depends on the energy that we receive from the sun. About half the light reaching the earth’s atmosphere passes through air and clouds to the surface. In clouds, some of the energy is absorbed and then radiated upward as heat. According to NASA, greenhouse gases absorb about 90% of the heat, radiating back to the surface.

			[image: ]

			Fig. 1.2 Gases that contribute to the greenhouse effect

			Source: https://climate.nasa.gov/system/internal_resources/details/original/249_Causes-greenhouse-gas-molecules-cropped-more-55.jpg

			Water vapor is the largest contributor to the greenhouse effect. According to NASA’s satellite data, it is estimated that water vapor gas is a critical component of climate change. The amount of water vapor in the atmosphere is in direct relation to the temperature. If the temperature is increasing, then more water evaporates and becomes water vapor. If other components like CO2 increase the temperature, more water evaporates. This additional water vapor is causing more temperature. It is said that water vapor feedback roughly doubles the amount of warming caused by CO2. If CO2 is causing a 5C rise in temperature, then the water vapor will cause a more 5C rise in temperature. The water is evaporated from the land, rivers, sea and falls back as rain or snow. Water vapor is short-lived, even if it is the greatest greenhouse gas.

			[image: ]

			Fig. 1.3 Greenhouse gases in the Atmosphere

			Source: https://qph.fs.quoracdn.net/main-qimg-7cef5b4d154621b96c1abf2b579d0a57

			Carbon dioxide is an important greenhouse gas. The main sources of CO2 are human activities (burning fossil fuels, deforestation, volcanic eruptions. Over the past few years, human activities have raised atmospheric concentrations of CO2 by 47% above pre-industrial levels found in 1850. In the US, fossil fuel burning to make electricity is the largest source of heat-trapping pollution, producing about two billion tons of CO2 every year. The transportation sector is the second-largest pollutants in the US which generate about 1.7 billion tons of CO2 per year. CO2 has caused more global warming than other greenhouse gases, and its influence is expected to continue. In all heat-trapping gases, CO2 puts us at the greatest risk of irreversible changes if it continues to accumulate unabated in the atmosphere. As per studies, CO2 has contributed the most to climate change between 1750 and 2011. It is said that CO2 harms us more because it remains in the atmosphere longer than the other gases. It takes a decade for methane to leave the atmosphere and about a century for nitrous oxide. In the case of CO2, 40% of it remains in the atmosphere for 100 years, and 20% will reside for 1000 years, and the final 10% will take about 10,000 years to turn over. The CO2 we are releasing today will remain in our atmosphere for 10,000 years, and that’s why CO2 is named the most harmful heat-trapping gas.

			Some of the earth’s energy is receiving from the sun is invisible to the naked eye, such as shorter-wavelength ultraviolet radiation and loner-wavelength infrared radiation. Atmospheric CO2 levels rose 40% between 1750 and 2011, as in 2013 atmospheric CO2 levels surpassed 400 million parts per million for the first time. In the last 40 years, almost half of the human-related CO2 emissions occurred. The CO2 emitted a long time ago is now contributing to the climate changes we are already experiencing today. Same the emission we are releasing today will determine the climate future.

			[image: ]

			Fig. 1.4 Global Temperature and CO2 in 2014

			Source: https://blogs.ei.columbia.edu/wp-content/uploads/2017/03/Global_Temp_and_CO2_400-1.jpg

			Nitrous oxide is emitted during agricultural and industrial activities, combustion of fossil fuels and solid waste, and treatment of wastewater. Nitrous oxide is 300 times more potent than carbon dioxide and depletes the ozone layer. Nitrous oxide has a shorter life span reduces the significant impact on global warming. Nitrous oxide mainly comes from agriculture, animal waste, fertilizer used in soil. Nitrous oxide is so much a food production issue.

			Like other heat-trapping gas, NO2 also absorbs radiation and trap heat in the atmosphere. The average life to NO2 is 114 years. It stays in the atmosphere longer than other short-lived climate pollutants like black carbon or methane.

			Methane is emitted in the atmosphere during the production and transport of coal, natural gas, and oil. Methane emissions also result from livestock and other agricultural practices and the decay of organic waste in municipal solid waste landfills. It is said that methane traps heat 28 times more effectively than carbon dioxide over a 100-year timescale. After CO2, methane is responsible for about 23% of climate change in the 20th century. Methane is produced under the condition when oxygen is not available or available in little. 20% of methane is produced in agriculture, rice cultivation. Another 20% is produced from coal, gas, and oils. 30%  of methane is emitted from lakes, ponds, and rivers (wetlands). Below mentioned pie chart showed the source of methane in the atmosphere in 2019

			[image: ]

			Fig. 1.5 N2O producers

			Source: https://mk0insideclimats3pe4.kinstacdn.com/wp-content/uploads/2019/09/NitrousOxideN2OExplainerC.png.[image: ]

			Fig. 1.6 Methane producers in the year 2019

			https://assets.climatecentral.org/images/made/1_30_15_Ensia_AnthroMethaneSourcesSince2010_1050_581_s_c1_c_c.png

			1.2.3	Effects of Greenhouse

			As of now, we have an idea about the greenhouse effect and climate change. As the greenhouse is causing climate change by increasing the temperature, it contributes to deadly diseases from smog and air pollution. Increased wildfires, extreme weather are other effects of climate changes that are caused by greenhouse gases. Climate change affects society and ecosystems in a variety of ways. Some of them are mentioned below:

			◊	Increasing the risk of heat-related illness as the climate is warmer than ever. Also, increasing air pollution is causing illnesses and deaths.

			◊	As the sea level is rising, heat waves, floods, droughts are expected in the climate. It may reduce crop yields.

			◊	Climate change can alter the species lives and change the ecosystems.

			◊	Melting the ice cap that releases methane with increasing sea levels needs to relocate peoples from present sea levels.

			North is warming twice as fast as the rest part of the earth. Wildfires have become common in the north. Many of these fires burn unchecked for months as fire fighting is difficult in remote areas. It is said that a nearly 10-fold increase in the number of large fires in the Arctic region over the last 50 years and burned are is increasing annually. 

			[image: ]

			Fig. 1.7 Average temperature in Amazon

			Source: https://www.economist.com/sites/default/files/images/print-edition/20190803_FBC904.png

			The Amazon in South America alone absorbs almost 25% of all carbon dioxide that ends up on land. Forests in Asia and Africa are also doing their part by absorbing as much carbon dioxide as possible. A per reports, tropical forests may be reaching some limit to growth. While growth rates in temperature continue to increase, the Amazon trees have been growing more slowly than ever. They have also been dying sooner. Two droughts in 2005 and 2010 stressed the Amazon forest. By the year 2050, the temperature in amazon will increase by 2-3C. 

			Wildfires are natural for some forest ecosystems for keeping them healthy. Currently, wildfires are estimated to spew 2 to 4 billion tons of carbon into the atmosphere every year – about half as much is emitted by fossil fuel burning. It is just the beginning of the impact of fires on carbon cycles. 

			[image: ]

			Fig. 1.8 Temperature in Australia

			Source: https://earth.org/wp-content/uploads/2020/07/AusFire1.png

			As carbon dioxide continues to increase and global temperature is warm, wildfires’ threat increased throughout this century. Drying our vegetation starts a fire and burns more easily. In arctic ecosystems, intense wildfires are burning the trees and carbon-rich soil and dumping more Carbon dioxide and methane into the atmosphere. Australian bush fire is a recent example of this. The 2019-2020 Australian bushfire season is known as Black Summer, was a period of intense bushfires in many parts of Australia.

			1.3	Agriculture and Climate Change

			Agriculture is the main source of Greenhouse gases that contribute to climate change. Still, this greenhouse effect is also affecting crop production. This is a problematic situation which to blame first, which one is causing more bad effects. It has been observed that agriculture and deforestation were responsible for 21% of all CO2 emissions from 2000 to 2010. Agriculture needs an increasing amount of space alongside massive amounts of chemical fertilizers. It creates a cycle that makes agriculture both a victim and a perpetrator. Here we will be discussing the relationship between agriculture and climate where agriculture is a victim.

			As the population is increasing, it means more food is required. More food means more crop production, but climate change is contributing to food production. Temperature is continuously increasing and causing droughts, floods, and other issues that are changing every location’s atmosphere and harming the fields. Farmers are using fertilizers so the crop can produce food early or in a good way, but that also helps in the emission of heat-trapping gases. Using the chemical product in the soil is reducing the percentage of carbon in the soil. Extreme weather events associated with climate change may cause sudden reductions in agricultural productivity, leading to rapid price increases.

			[image: CAN VERTICAL FARMING REDUCE AGRICULTURE'S IMPACT ON CLIMATE CHANGE? -  Technology and Operations Management]

			Fig. 1.9 How climate change is affecting agriculture

			https://digital.hbs.edu/platform-rctom/wp-content/uploads/sites/4/2017/11/ag-climate.png

			It has been found that in the future, heatwaves are likely to become more frequent and will be representing a major challenge for agriculture. Heatwaves can cause harm to animals and plants both which will leave a negative impact on food.

			The study on the climate change impacts on crop growth was mainly in two aspects: one is the impact of normal climate factors on agriculture, such as temperature change, precipitation change, etc. The other is the impact of extreme climate events on agriculture, such as droughts, floods, and rainstorms. It has been found that a suitable climate plays a significant role in promoting food production. An increase in temperature and carbon dioxide can increase crop yields in some places, but to realize these benefits, nutrient levels, soil moisture, water availability, and other conditions must also be met.

			1.3.1	Impact On Crops

			For any crop, the effect of increased temperature purely depends on the crop’s optimal temperature for growth and reproductions. Warming is harmful in food production, but also this benefits some crops. The increasing CO2 level is helping in the growth of plants. Plants are growing more and more as they are consuming more CO2. Still, other heat-trapping gases like Methane and nitrous oxide are not that beneficial for crops. If the temperature exceeds a crop’s optimal level, if sufficient water and nutrients are not available, yield increases may be reduced. Again more extreme temperature and precipitation can prevent crops from growing. Natural disasters caused by climate change like droughts and floods can harm crops very badly and reduce production. In 2010 and 2012 in the US, high nighttime temperature affected corn yields, and premature budding due to warm winter caused millions of losses. Rising CO2 can help plant growth, but it is also reducing the nutritional value of most food crops. Rising Co2 level is not good for wheat, Soybeans, and rice. This is directly affecting human health.

			[image: Future crop production threatened by extreme heat — International Society  for Agricultural Meteorology]

			Fig. 1.10 Future crop production threatened by extreme heat

			http://images.iop.org/objects/erw/talkingpoint/8/8/2/image1.jpg
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