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Introduction


[image: A boy sits on a wooden log on a seashore and looks at the ocean.]
In the Pacific island nation of Kiribati, tree roots are exposed due to erosion that happens during high tides. Rising sea level is causing Kiribati to slowly be swallowed by the sea.



 

KIribati, a Nation of Thirty-Three islands in the middle of the Pacific Ocean, is home to 103,000 people. And it is drowning. Flooding has always occurred during storms. But now, the floodwater never recedes and villages are left permanently flooded. Meanwhile, ocean water has polluted the fresh groundwater, making it undrinkable. Scientists say that by the end of this century, the entire nation will have been swallowed by the sea because of global warming. The people, known as the I-Kiribati, will be among the first global warming refugees.

 




[image: A color-coded world map depicts the temperature difference from 2008 to 2012.]
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The temperature is rising almost worldwide, as seen on this map. Global warming is occurring most rapidly in the Arctic, resulting in melting glaciers and, as a result, rising sea level.



 

The world is getting warmer. The global temperature has risen 1.4 degrees F (0.85 degrees C) since 1880. If you’re reading this on a cold day, you might think, “Why is warmer bad?” Well, it isn’t, always. Warm or cold, there’s no such thing as a perfect world. The dinosaurs survived in a warmer world. Mammoths and other megafauna thrived in a colder one. But Earth, with its present climate, is our perfect world because it’s the world to which we as humans have adapted and thrived. Our population has swelled in this perfect world, our nations’ borders were drawn according to it, and our food and water supplies depend upon it.

 




[image: A photo shows the satellite view of the Earth and Moon in the outer space.]
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The earth’s climate has changed through the years. But we humans have come to rely on the present climate to grow food, access fresh water, and avoid flooding. As such, it is our “perfect world,” but global warming is changing that.



 

As the earth warms, it disrupts our perfect world in many ways. Kiribati is just one of many island nations being inundated by the rising sea, and the people of these nations can’t simply move to higher ground. That land already belongs to other countries, the governments of which are reluctant to take in refugees because it would require an investment of time and money. In the case of Kiribati, the government has purchased land in nearby Fiji for the purpose of relocating. But Fiji is opposed to the idea of taking in a whole nation of people. Even when entire countries aren’t wiped out, coastal cities will be inundated by the rising tides. The cities’ infrastructures will be damaged by every major storm, until it no longer makes sense to rebuild. Citizens of these cities will also need to find new homes.

Even as flooding becomes commonplace, water shortages will abound. As is the case in the Pacific islands, coastal water supplies will be polluted by salt water. Elsewhere, water supplies will dry up because of droughts and shrinking glaciers. This will eventually lead to a decrease in food supply, as plants need water to grow. If global warming is left unchecked, our perfect world will become a world of heartbreaking struggle. In places where flooding and drought have taken hold, the struggle is already under way.

The less we allow the earth to warm, the fewer problems we will have. And every degree counts. Because when it comes to global temperature, small changes make a big difference. During the last ice age (which occurred from 2.5 million to 10,000 years ago), mile-deep glaciers overtook much of the Northern Hemisphere. And the world was just 9 degrees F (5 degrees C) colder on average than it is now. Today, with less than 1.4 degrees F (0.85 degree C) of warming, trouble is afoot. Sea level has risen 7.5 inches (19 centimeters), which is why island nations are slowly drowning. Global warming has also brought about droughts, heat waves, wildfires, and storms, and led to the spread of tropical diseases and the extinction of species. The evidence is clear: global warming is real and is already causing suffering.

 




[image: A line graph compares the 5-year mean temperature with the carbon dioxide concentration. ]
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Carbon dioxide levels (the green line) and the global temperature (the blue line) have risen together since 1880. This is a key piece of evidence that shows that increased greenhouse gases in the atmosphere are causing global warming.



 

It’s also clear that global warming is the result of rising greenhouse gas emissions caused by human activity. Carbon dioxide in the atmosphere is measured in parts per million. This means that for every million molecules of gas in the atmosphere, there are a certain number of carbon dioxide molecules contained therein. For instance, 400 parts per million is equivalent to four hundred molecules of carbon dioxide per million total molecules of gas. From the end of the last ice age, ten thousand years ago, to the beginning of the Industrial Revolution in 1760, carbon dioxide levels in the atmosphere hovered around 280 parts per million. But as coal began to power industry and electricity, and oil came to power our vehicles, greenhouse gas levels rose. Deforestation and modern agriculture practices have added to this effect. As a result, carbon dioxide levels are now nearing 400 parts per million—41 percent higher than pre–Industrial Revolution levels.

Today, scientists are studying global warming so that we can prepare for its future effects and stop it from getting out of hand. Many leaders are taking heed, hoping to prevent the human suffering and costly damage that will occur as the temperature climbs higher. Military, government, business, and community leaders are curbing emissions by increasing efficiency, switching to renewable energy, and changing forestry and agricultural practices. But there is still much to be done. If we are to stop the global temperature from rising more than 3.6 degrees F (2 degrees C)—the current international goal—then developed and developing nations will need to reduce their greenhouse gas emissions significantly. In 1990, the carbon dioxide level was a little over 350 parts per million. According to scientists, 350 parts per million is the level to which we need to return in order to avoid some of the most devastating effects of global warming. The Intergovernmental Panel on Climate Change (IPCC), a United Nations group of climate scientists, recommends that nations turn back time on their emissions so that they become lower than they were in 1990.



In America, uniting to achieve that goal may be difficult, as some political leaders are acting on the view that global warming doesn’t exist, that humans are not causing it, or that it is not a concern. Because this book is rooted in science, it will not explore this viewpoint, which is a political and not a scientific one. Scientists agree that human-induced global warming is well under way, and that it is cause for great concern.

This book will first take a look at climate and the history of climate change. Then it will show the evidence that global warming is already happening and describe how we as humans are causing it. Next, it will address the role human psychology and politics play in global warming. Finally, it will present the path toward lowering greenhouse gas emissions and rescuing the world from dangerous warming. I hope that this book will be a call to action. Being informed and making small changes today can lead to bigger changes as you enter the workforce, step into leadership roles, and build a life. Global warming is already happening, but that doesn’t mean it’s too late to act. It’s always the right time to do the right thing.
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Be the Change


Mahatma Gandhi said, “If we could change ourselves, the tendencies in the world would also change.” This has been popularly revised into the slogan “Be the change you wish to see in the world.” In each chapter, you’ll be given one or more suggestions to “be the change” that combats global warming.

 

That’s not to say that if you did all of these things, the problem of global warming would be solved. Saying “If only people would compost, we wouldn’t have all these glaciers melting!” would be akin to saying that if only people would be nice to their neighbors, all wars would end. Sure, every little bit helps, but isn’t it up to our leaders to bring about real change?

 

The thing is, our leaders are people just like us, and some of us are already leaders in our schools and neighborhoods. If we make small changes at home and in our communities, they may lead to changes on a larger scale. For instance, if you save energy at home by turning off lights, adjusting the heat and air conditioning, and powering down computers, you might later lead the charge to bring a wind turbine to your school. Then you may become a state official who brings wind energy to your entire state. As you can see, if everyone made these changes, it really would make a difference. After all, change doesn’t happen all at once, but starts small and grows.

 

The changes suggested here cost nothing or even save money. The reason for this is twofold. First, most families don’t have extra money to spend on new projects. Second, environmental decisions will always come up against money considerations, and luckily, conserving energy really is a great way to save money. It’s good to start thinking that way now. So go ahead. Get out there and be the change.











 

 

Part One Such a Perfect World


[image: An aerial view of the Columbia River Gorge.  ]









Chapter 1 The Greenhouse Effect

People often say that in a perfect world, this would happen or that would happen. In a perfect world, grades would be based on effort alone. In a perfect world, nice guys would always finish first. In a perfect world, cupcakes would grow on trees and therefore be fruit and therefore be health food, and so on. But our world already is pretty perfect. It has to be in order for life to exist. Even simple life forms have yet to be found on other planets. But here on earth, conditions have allowed complex plants and animals to evolve. For humans to have populated the world and built civilizations that provide food, water, health care, and education, things needed to be just right. To be sure, disaster, injustice, and tragedy create dire circumstances, but by and large, you and I owe our existence to the perfect world we live in.


[image: An underwater image depicts the sun shining brightly through the crowns of trees in a dense forest.]

One of the most important factors in our world is the greenhouse effect. Without it, Earth would be too cold to support life. Earth’s average temperature is 59 degrees F (15 degrees C), but without the greenhouse effect, it would be 0 degrees F (−18 degrees C)—in other words, we would be a ball of ice. Other planets also have greenhouse effects. Without it, Venus, which averages a toasty 855 degrees F (457 degrees C), would plunge to −63 degrees F (−53 degrees C). The difference is so drastic because of its thick greenhouse gases. Nicknamed Earth’s evil twin because of its similar size and composition but scorching heat, Venus may have been more Earth-like a billion years ago. For instance, it may have had oceans. Scientists theorize that because Venus is closer than Earth to the sun, any oceans Venus may have had would have evaporated due to the greater heat that proximity brings. The water would have become water vapor, a heat-trapping gas that would have caused the planet’s temperature to rise higher. This would have accelerated the evaporation until Venus had no water left at all. Without oceans or a water cycle, carbon dioxide would have remained in the atmosphere rather than being absorbed by the water. This too would have trapped heat, causing the temperature to soar. Today, Venus’s surface could melt lead. (As dangerous as global warming is, rest assured that most scientists do not think it will cause Earth to become like Venus.)

 


[image: A satellite view depicts the fiery hot temperature on Venus.   ]
The greenhouse effect is so strong on Venus that its average temperature is 855 degrees F (457 degrees C), compared to Earth’s 59 degrees F (15 degrees C). Venus is similar to Earth in some ways, and for this reason the blazing hot planet is sometimes called Earth’s evil twin.



 



So what exactly is the greenhouse effect? It’s a process that occurs in a planet’s atmosphere (the layer of air that extends from the surface to outer space). The earth’s atmosphere is made up of gases, mainly nitrogen and oxygen, but also greenhouse gases: carbon dioxide, methane, water vapor, and a few others. These gases trap heat. How exactly do they do this? The sun’s energy enters the atmosphere as visible radiation, or light. Some of this light is reflected back into space by clouds and particles in the earth’s atmosphere and by the earth’s surface. But about half of the sun’s rays are absorbed by the earth’s surface. They become a different kind of radiation: infrared radiation, or heat. This is what warms the surface of the earth and the air close to the surface. Light has no trouble passing through greenhouse gases. But heat does. Greenhouse gases trap some of the heat, keeping the earth warm enough to support life.

Over billions of years, greenhouse gases have allowed life on Earth to flourish. The problem today is that people are rapidly releasing additional greenhouse gases into the atmosphere, and more and more heat is getting trapped. Think of two blankets that cover the same area. One is made with a pound of wool; the other with two pounds of wool. Which would keep you warmer? The heavier one would, of course. In the same way, higher concentrations of greenhouse gases such as carbon dioxide act like an atmospheric blanket to make the earth warmer.

 




[image: A diagram explains the greenhouse effect in four steps.]
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The greenhouse effect is the process by which a planet’s atmosphere traps heat from the sun, warming the planet.



 

Carbon dioxide is the most talked-about greenhouse gas because it’s the most prevalent gas that is emitted by humans—mainly through the burning of coal, oil, and natural gas (collectively known as fossil fuels). Why does burning fossil fuels emit carbon dioxide? Let’s look at how these fuels are created: All living things on Earth contain carbon, which is one of the most abundant elements in the universe. When carbon combines with oxygen in the atmosphere, it forms carbon dioxide. One carbon atom combines with two oxygen atoms to form a carbon dioxide molecule. This is why the symbol for carbon dioxide is CO2.

 




[image: A figure illustrates the process of photosynthesis.]
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Photosynthesis is the process by which plants convert sunlight, water, and carbon dioxide to plant food (glucose) and oxygen. In this way, plants remove carbon dioxide from the atmosphere.



 

Plants absorb carbon dioxide from the air. Using chlorophyll and energy from the sun, plants convert carbon and water into glucose, which is a sugar, and oxygen. Glucose is the primary ingredient in plant fibers, so it makes up the plants themselves. The oxygen is emitted into the air. The equation looks like this: CO2 (carbon dioxide) + H2O (water) + sunlight = C6H12O6 (glucose) + O2 (oxygen). As you can see, the carbon atoms help to make up the glucose molecules. So the carbon is now part of the plants. When the plants die, they may rot or burn, which would release the stored carbon atoms. These then combine with oxygen in the air to form carbon dioxide. This is why deforestation causes greenhouse gas emissions—dead trees equal more carbon dioxide released into the atmosphere as well as fewer trees to store the carbon.

But plants may also become buried underground, where the carbon is preserved. Over millions of years, buried plants can become coal. First, bacteria eat the plants but leave behind carbon- and hydrogen-rich matter. As time passes, this matter is pushed underground through sedimentation and other earth processes. The heat underground further breaks down what’s left until it becomes coal, which is composed mainly of carbon. When coal is burned, the carbon that’s emitted combines with oxygen in the air to form carbon dioxide.

In the ocean, phytoplankton (microscopic plants) absorb carbon dioxide near the surface, and then die and decay, sinking to the ocean floor, where some get buried. After millions of years, buried plankton can become oil in a process similar to the formation of coal. Both coal and oil are high in carbon because they are made from the remains of plants that stored high levels of carbon. When burned, these fossil fuels release carbon dioxide into the atmosphere that is created from the carbon that nature swept under the rug millions of years ago.

Carbon dioxide isn’t the only greenhouse gas we’re adding to the atmosphere, of course. Others include methane, nitrous oxide, and fluorinated gases. Released by humans into the atmosphere, these gases are all causing the earth to warm quickly, disrupting the climate on which we have come to rely for our health and well-being. And that’s why global warming is so dangerous.
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Be the Change


WHAT: Assess your energy use.

 

HOW: For one day, keep track of your energy use. Each time you use electricity or fuel, write it down, and include the timespan. For instance, if you charge your phone, write down for how long you charge it. If you turn on a light, write down for how long you leave the light on. If you drive to school (or catch a ride), write down how long the trip is.

 

At the end of the day, circle any instances where you could have saved energy. Could you have unplugged your phone sooner (after it was fully charged)? Could you have walked to school?

 

WHY: This will show you easy changes that can conserve energy.

 

WHAT ELSE: Check your carbon footprint. Your carbon footprint is the amount of carbon dioxide you personally release. You can estimate your carbon footprint and compare it to the average U.S. carbon footprint at www.nature.org/greenliving/carboncalculator/index.htm.











Chapter 2 How Climate Works

Global warming is also called climate change because, with the warming, other climate factors, such as precipitation, humidity, wind, and seasons, are also changing. But what exactly drives climate?


[image: The surface of Earth as viewed from Space.]

First, it’s important to understand that climate is different from weather. Weather is the atmospheric state (everything happening in the air) in a given place over a short period of time. Climate is the weather in a given place over a long period of time. Weather can’t be predicted more than a few days in the future, but climate can. For instance, I live in Kansas City. I can’t forecast rain for next July 4. But I can guarantee you it will be a hot July. Hot summers are characteristic of our midwestern climate. Climate can be talked about in terms of a specific place or in terms of the world. And climate can be predicted through historic records and computer models.

 




[image: An illustration of the Earth and the Sun in the sky.]
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At different times of the year, the sun’s rays are directed at the equator, Tropic of Capricorn, or Tropic of Cancer. Because the equator isn’t far from the Tropic of Capricorn or Tropic of Cancer, it always gets a lot of sunlight, and so land and water located along the equator is always warm.



 

Several factors determine the different climates from pole to pole. One of the biggest factors is the sun. To observe the sun’s effect on climate, consider the Amazon rainforest in South America. Its daytime temperature hovers around 80 degrees F (27 degrees C) year-round. This warmth is due to the fact that the rainforest is situated on the equator. The sun hits the equator directly during much of the year so that the sun’s rays are focused on the relatively small area near the equator. At the same time, the sun’s rays hit the rest of the earth at a slant, so that the rays are spread out over a larger area. The small area is heated more thoroughly than the larger area. (This is similar to the effect of a space heater heating up a small room but barely warming the rest of the home.)

Of course, the Amazon’s 80-degree-F days are not exactly record-breaking high temperatures. The shade from the trees and frequent rainfall stop the temperature from rising higher. Death Valley in California, on the other hand, set a world-record high of 134 degrees F (57 degrees C) on July 10, 1913. Death Valley isn’t near the equator, so why is it so hot? Well, it’s close to the Tropic of Cancer, and in June, July, and August, the sun hits the Tropic of Cancer directly. This creates summer in the Northern Hemisphere and causes temperatures in Death Valley to soar. Death Valley is extra hot because it’s in the desert, where neither shade nor precipitation cools things down. It’s also in a valley, which traps heat.

 


[image: A photo of Death Valley in California.]
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When the sun directly hits the Tropic of Cancer, the temperature in nearby Death Valley soars. Its extreme summer highs—which can reach above 130 degrees F (54 degrees C)—are also due to the fact that Death Valley is part of a valley that traps heat and a desert that offers little shade or precipitation to cool things down.



 




[image: An aerial view of the Amazon rainforest.]
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The Amazon River winds its way through the Amazon rainforest, where the temperature remains around 80 degrees F (27 degrees C) year-round because of its proximity to the equator.



 

In the Southern Hemisphere, the sun hits the Tropic of Capricorn at a right angle in December, January, and February, which is why many Australians celebrate Christmas at the beach. But whether the sun directly hits the Tropic of Cancer or the Tropic of Capricorn, the equator is not far away, so the Amazon rainforest is always warm.

The sun isn’t the only factor that determines temperature, though. Wind carries warm air to cold places, and cold air to warm places. To see how this works, compare the average winter temperatures in Boston, Massachusetts, and La Coruna, Spain. The two cities are about the same distance from the equator, and yet, in Boston, the average low in January is a frigid 22.1 degrees F (−5.5 degrees C), whereas in La Coruna, it doesn’t even approach freezing but dips to an only slightly chilly 44.6 degrees F (7 degrees C). What gives? In the Northern Hemisphere, wind blows from west to east. So the wind in La Coruna blows in from the Atlantic Ocean, whereas





 


[image: A photo of a dry land in the Southwest region of America.]
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Be the Change
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