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    Preface


    At the time of completing the writing of this book, a lot of things had changed in the world, and in my world. Climate disasters have become ever more present. There were heat waves in South Asia and Europe that took the lives of thousands of people, mimicking some (now not-so) science fiction novels. Unprecedented storms in North Africa killed thousands of people and left many more missing. In my home country of Brazil, droughts and fires continue to spread wider and stronger in the north, while elsewhere in the country, there is severe flooding affecting hundreds of thousands of people and literally swallowing whole cities.


    I was there when the latest flood happened. I had moved back to Brazil from where I was teaching in Australia to found a start-up. My wife was 40 weeks pregnant when the floods hit and submerged many areas of the capital, where we were living at the time. The neighborhoods to the north, south, and west of us were underwater—the water got so close that we could see it from our apartment. Electricity and water outages soon followed. Several floors of the hospital where my wife was scheduled to give birth were completely submerged, and our obstetrician had to be rescued by an army truck whose wheels made it tall enough to make it through. This rescue took place two days before our baby arrived. We had to find another hospital, taking alternate routes because a good chunk of the roads were impassable. After the baby was born, we sought refuge at my mom’s house, which still had water in the water tank. Roads were blocked, bridges fell, and the airport was completely flooded, making it extremely hard to go anywhere. My mother-in-law hopped on many different buses and spent over a week traveling to see her daughter and meet our newborn. While our situation was far from ideal, I saw firsthand far less fortunate women with newborn babies who had lost their homes and were staying in improvised shelters, only surviving thanks to the kindness of strangers who were volunteering.


    I have been studying climate change and other environmental problems for a long time and have dedicated my work to making our society a sustainable one. As traumatic as this experience was for my family, it was not surprising to me. But for people around me and in my home state, it was a wake-up call. Climate change was no longer some abstract theory for scientists to talk about and politicians to argue about. It is real and it is now.


    This book is about this reality.


  




  

    Introduction


    I had been searching for a long time for a book that could teach me what I needed to know about the environmental challenges we face in the twenty-first century. I felt constantly inundated with information, yet I didn’t have a clear sense of what the threats are exactly. How bad are they? Are they all related to climate change, or are other things going on? While we’re at it, how bad is climate change, really? Can we connect all the climate events we see in the news to human activity, or do we need more evidence? What are the ways forward, realistically speaking? What can I actually do? Do my actions even matter?


    Oh yeah, and I wanted it all explained in simple, plain language that was easy to digest. I didn’t want a book by scientists for scientists; rather, I wanted one that was accessible to a mainstream audience, a book that successfully translated complicated topics so everyone could understand them, simplifying as much as possible while staying true to the evidence and scientific consensus. The more I looked, the more I realized this approach was hard to find.


    Ultimately, I was unable to find such a book. I read several in the process, but many were too focused on a single country or region—typically North America or Western Europe. Sure, there are many important lessons to be learned from these countries that are ahead in policymaking (and that have way more experience polluting the planet), but physics, chemistry, and biology don’t care much about the political borders we have imagined for ourselves. A book addressing the global issue of our current environmental challenges seemed pressing. And I mean all environmental challenges, not just climate change, which has become the exclusive focus of many publications and the media in general. While there are many great reads out there, none of them were the accessible, comprehensive, science-based, and solution-focused book about the environment I was looking for. And since I could not find it, I decided to write it.


    I am not a climate expert nor am I an environmental scientist—at least not by formal training. I am an engineer who has specialized in waste management and environmental engineering as both a scientist and university professor. Formal expertise is not what I bring to the table. What I offer is quite the opposite: ignorance. I wrote this book out of a huge curiosity, the humility that is necessary for learning, and the passion to make a positive impact. These are traits I believe we all can (and should) possess.


    Yet, in the spirit of curiosity and learning, I found myself standing at the intersection of academia and real-world application. I had the opportunity to work as a researcher and as a lecturer in prestigious universities like the University of New South Wales (UNSW; Australia), the University of Sydney (Australia), Macquarie University (Australia), and Universidade Federal do Rio Grande do Sul (UFRGS; Brazil). As a lecturer and researcher at UNSW, my days were spent exploring the intricacies of environmental engineering, renewable energy, and recycling, and teaching students about environmental impacts and how to measure them. My journey, though grounded in engineering, has led me to embrace the broader and ever-evolving challenges of sustainability.


    Over the years, I’ve been fortunate to contribute to a body of work that ranges from developing new recycling technologies to assessing the environmental impact of everyday products like bottled water. Through life cycle assessment—a tool we’ll delve into later in this book—I’ve sought to quantify the unseen impacts of the products we use and the waste we generate. It’s a method that’s as much about asking the right questions as it is about finding the answers.


    But my work has not been confined to lecture halls and research labs. Recently, driven by the same curiosity that led me here, I started SOLARCYCLE, a technology start-up aimed at creating a true circular economy in the realm of renewable energy. It is yet another step that I hope will add to the larger global movement toward sustainability.


    While I may not wear the badge of a climate scientist, I am humbled to have been recognized in 2023 by Business Insider as one of the 30 global leaders working toward climate solutions.1 This recognition isn’t about expertise—it’s about the ongoing journey to learn, adapt, and, hopefully, inspire others to do the same.


    Obviously, my job as a researcher has required me to read a lot about environmental challenges: how to quantify, classify, and tackle them. While I claim ignorance, it’s not like I started with a blank page and wrote this book from scratch. But the more I learned about the topic, the more questions I had, and the more I realized how little I knew about it. It is from this teachable place that I attempted to answer the question on so many of our minds: How do we save the planet?


    With all this being said, you may be wondering: Is this book scientific? Short answer: Yes, but… 


    While care was taken to validate all the information presented here with scientific references, it was, as I’ve mentioned, written in a way that is accessible to a large audience, meaning the writing is more informal and perhaps a little more ambiguous than your average (often excruciatingly dry) science journal article. But even more importantly, this book is biased. I will be the first to admit that I’ve had past experiences and beliefs that will undoubtedly influence what I write about and how I write about these things: the place where I grew up, the reality I have known, the interactions I have had—all of these have shaped me as an observer and, consequently, shaped the framing of this book. But I’ll tell you a secret: Every book (I’ll go further—every person) is biased. As a scientist, I try to counter my bias as best as I can by reading things contrary to my (original) belief and checking their validity. This means I am open to arguments, evidence, and facts that may contradict my understanding. It also means I can change my opinion as I learn and study more. So, while I used references and scientific studies to build the narrative and arguments of this book, be assured that as new evidence comes to light, things can certainly change. After all, the basic idea behind science is precisely that we are ignorant beings, so we do the best we can and correct ourselves along the way. This means that I am open to hearing counterarguments and to updating sections of this book if readers provide evidence for it. Please remember that science is the best weapon to fight the ignorance humans have created so far. It is not bulletproof, but it is certainly the most effective.


    Throughout this book, I was careful to separate things that were my personal opinion from things that were derived from reliable sources (e.g., scientific papers, consensus reports, credible books, etc.). When something is my personal opinion and based solely on what I make of a given situation, I’ve made a deliberate effort to indicate that.


    All units in this book are presented in the metric system, unless explicitly stated otherwise. To keep the content accessible and easy to follow in both print and audiobook formats, no equations, graphs, or other images have been included. Throughout, many footnotes offer additional context and insights that complement the main text.


    This book is split into three main parts. In part I, we’ll review how we arrived at both our current environmental crisis and the environmental movement that was born in response. I’ll provide a brief overview of how humans have put pressure on our environment to the point of risking ending the human species, and the choices that were made along the way that led us to this potential collective suicide. Were they deliberate? When did we humans start impacting the environment? Have we always been a destructive species, and all that change was population growth, or was there a turning point in history? Moreover, when did we start to notice there was a problem and started to sound the alarm bells? We’ll review some of the key recent events and organizations that create the collective awareness of the environmental crisis we face today.


    Part II shifts our focus to the core issues of the environmental crisis. Chapters 3 through 5 address global warming, the rapid climate change humanity has observed in recent decades. While global warming is a critical challenge, achieving true sustainability on this planet requires a broader perspective, encompassing other pressing environmental issues such as land use, biodiversity loss, water quality, toxicity, ozone depletion, and more. Some of these concerns intersect with global warming, while others are less directly connected. If we concentrate exclusively on climate change, we risk overlooking other urgent challenges that also demand our attention and action.


    In chapter 6, we’ll examine these additional environmental threats, though in less depth than our discussion on climate change. This approach is partly to keep the book concise, but more importantly, because climate change has become the defining issue in the environmental struggle. Addressing it effectively requires unprecedented global cooperation—a unity that will also be essential to overcoming other environmental crises. Tackling climate change is a step toward true sustainability, and while it’s essential to prioritize this urgent threat, we must also remain vigilant to other critical environmental challenges. And that is precisely what we’ll cover in part III of this book: the solutions to climate change and other environmental threats explored in part II.


    This book is meant to serve as a guide to what you can do as an individual to maximize your impact—in other words, where to spend your energy, your time, and your money. We’ll also discuss the technologies that can assist in fighting the climate crisis and other environmental threats. My goal is not to provide you with a step-by-step guide to environmental activism, but rather to give you the understanding of the key things that need to be accomplished today for us human beings to live in equilibrium—sustainably—on planet Earth.


    My promise is that when you finish this book you will be fully equipped with the knowledge you need to separate the environmental wheat from the chaff, so to speak. You’ll have a good foundation of knowledge of what climate change is and the science behind it. You’ll also understand the many other environmental threats we face today and how they relate to climate change (or not). You’ll understand the big picture of the issues we face, as a species and as a planet, and how we can measure the impacts of our actions and those of others. Most importantly, you’ll be empowered with the confidence and knowledge to turn your resolve into meaningful action—knowing that together, we have the power to save our planet, literally.


  




  

    PART I 


    The Beginning—How We Got Here


  




  

    Chapter 1


    Scientific Progress and the Age of Extraction


    What is science? 


    You probably know (or think you know) the answer to this question. But before moving on, take a moment to try to define it. If that’s too hard, maybe try to come up with a concrete example of something that is science and explain why that is. Go on—I’ll wait.


    I find it amusing that I went through primary school, middle school, high school, and earned a bachelor’s degree without understanding what science really is. I believe I started to understand it while studying for my master’s degree, but I only had a full grasp when I was doing my doctorate. The funny thing is that I had science classes during all these schooling phases. I obviously don’t know all the school systems worldwide, but I would comfortably bet that in most places, kids are not properly exposed to the meaning of science.


    Science, as defined and understood today, is the study of subjects using the scientific method, which is systematic and evidence based. It consists of observation and experimentation, and has to follow a certain set of rules. Put simply, the scientific method is used to answer questions. These questions arise from observing the world around us—what we understand as reality. We then try to question our observations and come up with possible explanations for them, i.e., we reason why something is occurring. This explanation is called a hypothesis. And this questioning and answering can be used for any phenomenon. Really! The only caveat is that the explanation we come up with has to be testable. In other words, there needs to be a way to experiment and prove (or disprove) your hypothesis. Performing the necessary test (this is generally where the bulk of time and effort goes when developing a scientific study) will result in a conclusion either confirming our hypothesis or rejecting it. And the method goes around again, with a different question, a different hypothesis, or a different set of experiments. It’s a never-ending process of tweaking and adjusting our understanding of the world.


    The scientific method can be used by anyone; it is not exclusive to scientists. However, since it is an activity that requires specialized knowledge, credentials, and resources in order to be formally recognized (and the human species is all about recognition), it’s generally undertaken by scientists. But when, for example, a lamp fails to light up your room, you’ll probably use the scientific method intuitively. Observation: The lamp did not work. Possible explanations: The power is out, the bulb has burned out, or the wall switch is broken (these are your hypotheses). You test your first hypothesis by turning a light on in another room. If it turns on, the explanation of a power failure is discarded. You then change the bulb and test it. The light turns on. So your experiments led you to conclude that the hypothesis of the burned-out light bulb is correct. The difference with professional scientists is that they would need to repeat such a situation several times, control for things that can interfere with the result, and publish their conclusions in specialized outlets after obtaining their results. By the way, the publishing of results is essential so the scientific community (and the nonscientific community) can see what has been done and why, then base the next set of questions and experiments on those published results.


    Another important point is that the results obtained by the scientific method are universal; that is, they should be repeatable by anyone who replicates the proposed method under the same set of circumstances. This is quite important because it decreases the chance of propagating incorrect or unfaithful results for too long. Let’s say I came up with a chemical solution capable of making trees grow twice as fast. I then explain my method and my result and publish this data for others to read. If someone in China, Russia, Ethiopia, or Chile tries to copy my method (use the same solution under the same circumstances), they should arrive at the same result. If enough independent groups do arrive at the same conclusions (or similar ones, for that matter), we have strong enough evidence to believe that my magical chemical indeed does as I claimed originally. More often than not, these independent groups will fine-tune my conclusion. Perhaps it only works in specific types of trees, or perhaps trees only grow twice as fast in warm climates, etc. 


    Another example: Imagine I create a perpetual motion device (one that, by definition, violates the second law of thermodynamics that says energy has quality and spreads out, becoming less useful as we use it). I could explain exactly how I created such a device and the results of the experiments I ran on it, showing that it works. This would definitely attract skepticism. (And it should! Skepticism is an important characteristic of science and critical thinking in general.) Once published, other people around the world could try to replicate my method. If they can’t arrive at the same result, they too could publish about their failed attempt and debunk my machine (how sad!). What’s more, other people around the world could critique my work and propose that I used the wrong method to test my machine from the start, and show that is why I had skewed results. Like I said, the results have to be universal to be valid. This is beautiful in the sense that it does not matter whether you are a renowned professor in your field or a fresh student learning a subject; the results of your studies are equally valid.


    The crucial thing about all of this is that we tend to steer toward the truth (a pragmatic truth, I guess) because science is always questioning itself, and new findings can debunk old theories, which are generally substituted with new theories that better explain the results. And please note this order, because it is quite important: The theory needs to accommodate the results (the evidence), not the other way around. It goes against the scientific method to propose a theory and then look for results that corroborate your theory while dismissing the ones that do not. I call your attention to this because it has been happening too often nowadays.


    Perhaps an easy way to picture this is by thinking of a simple web search. While relying purely on Google search results is definitely not science appropriate, we can extract the required insight from this example. If I search for the statement “vaccines are safe,” I’ll find plenty of pages (“results”) that corroborate my theory. If I search for “vaccines are not safe,” I will also find plenty of pages backing up that statement. The same goes for searching for “vaccines cause autism” versus “vaccines do not cause autism.” The list goes on. A more appropriate search would require one to take a step back and ask, “Are vaccines safe?” without having already made a decision about the answer. Then you could analyze the available data and arrive at the conclusion. (By the way, vaccines are safe and do not cause autism.) 


    We talked about how science is dynamic, meaning it is always changing. In this never-ending search for the truth, we get it wrong a lot. Sometimes a group of people get it wrong together. But science has been built to correct itself. Remember, the truth is always being updated. In his video entitled “Is Most Published Research Wrong?”2 from the YouTube channel Veritasium, Derek Muller explores the statistics of false positives, incorrect publications, and the probability of a given piece of research (that used the scientific method) being incorrect. It is a very good example of how science is not perfect, but at the same time it is the best method we know (the least flawed in comparison to everything else humans have developed).


    In a similar vein, in his book Subliminal: How Your Unconscious Mind Rules Your Behavior, Leonard Mlodinow argues that it is impossible not to be biased.3 This goes for the scientist, for the job interviewer, for the journalist, for the teacher giving a grade; in short, for everyone. It is up to us to understand this in order to consciously try to minimize these biases. This is a key reason why antagonistic points of view and the scientific method are important: The former prevents us from going in the wrong direction for too long, and the latter allows us to assess this direction in a more objective way. Here, too, the importance of the scientific community stands out because the repetition of studies is a way to reduce our subliminal tendencies to confirm an idea we like, which can cause us to ignore contradictory evidence.


    I won’t bother making a case for why science is beneficial to society or list everything it has achieved so far (Steven Pinker already did a great job at this in his 600-page book Enlightenment Now4), but I want you to remember that science is at the core of most of the great developments in the last 500 years, and it creates a single language in which different cultures and societies can speak and exchange information. It brings us closer to understanding our world and agreeing on what is objectively true.


    Interestingly, the very science that has catapulted us to the modern life we see around us today is arguably the cause of the environmental threats we face in the world. It gave human beings unprecedented power. And the use of such power brought some unintended consequences.


    The dark side of the Scientific Revolution


    We have established that modern science is great, but things get complicated when we start talking about climate change and environmental impacts. One of the consequences of the Scientific Revolution was that human technology advanced at a rate that allowed great control over natural resources. We were able to mine ores in larger quantities, pump water long distances, hunt and fish with ease, and farm and harvest with high efficiencies. This was by design. One of the ideas embedded during the Enlightenment and accompanying Scientific Revolution was that humankind was the master of the environment, as opposed to being a part of it. Nearly a century earlier, Francis Bacon, considered one of the forefathers of modern science, advocated for the control and manipulation of nature for the benefit of human beings, which began to be seen as a sign of progress. The idea that nature must be “bound into service,” made a “slave,” and put “in constraint” by the man of science was entrenched in Bacon’s publications.5,6 It was only much later that the same science realized how bending nature to the benefit of a single species (homo sapiens sapiens) can severely damage the environment to the point at which it’s not even beneficial to that same species anymore. The intensification of the exploitation of nature initiated in modernity brought with it unique characteristics arising from the social, cultural, and economic conditions of the modern era. We can’t be naïve, though, and think that human beings only started exploiting their surroundings in the modern era. There were also pre-modern societies that interacted in predatory ways with nature. However, the potential worldwide environmental cataclysm does not derive from the relationships between pre-modern societies and nature, but from the exploitative relationship of modern society with nature due to rapid and out of control Baconian “progress.”


    While this historical foray into the development (and misuse) of science is interesting to discuss and be aware of, it does not invalidate or counter the scientific method itself. Noticing the destruction of our environment and potential irreversible consequences is also a feat of science. The same science that evidenced these issues is constantly researching ways to minimize, mitigate, and counter the dire environmental situation we find ourselves in. This book uses scientific findings and arguments to illustrate these challenges and their potential solutions.


    One world—A parallel between the pandemic and the environment


    The COVID pandemic took a heavy toll on society. The personal losses were immeasurable. At the time of writing, global statistics show that two million lives were lost, not to mention the isolation, job losses, rise of mental health issues, loss of schooling for children, distancing from loved ones, and countless other traumas, both shared and personal. I don’t think any of us who lived it will need reminding of this in the decades to come.


    Can we look on the bright side? Is there one to look to? I am of the belief that the pandemic had the side effect of showing people around the world what globalization really means. It demonstrated in a very real and painful way that we are all living under the same roof, inhabiting the same planet. It stressed that there is no way of fixing global issues solely with local, isolationist solutions. The world is one. Yuval Noah Harari, perhaps one of the sharpest and most influential thinkers of the twenty-first century, published a short piece on the pandemic in which he says that the antidote to this and future pandemics is cooperation. In his words: “We are used to thinking about health in national terms, but providing better healthcare for Iranians and Chinese helps protect Israelis and Americans too from epidemics. This simple truth should be obvious to everyone, but unfortunately it escapes even some of the most important people in the world.”7 From this perspective, nationalism (and its close siblings xenophobia, distrust, prejudice, racism, etc.) is the extreme opposite of what we need to overcome these large-scale challenges. It takes only a single person in a single country to infect all persons in all countries. An epidemic in any country puts at risk the whole human species—can we make a parallel here with the environmental crisis?


    The pandemic can also be thought of as a wake-up call. If one nation makes the necessary sacrifices to combat the climate crisis and bears the economic cost, will other nations come together to support it? During the pandemic, we saw several countries resisting lockdown due to fear of economic losses. Perhaps in hindsight we will find that the global toll, in whatever parameter you want to measure, could have been significantly reduced if countries were willing to take drastic quarantine and isolation measures along with international debt-free financial aid. How much would the USA pay, in hindsight, to avoid the disaster caused by the virus? Moreover, will we see a direct correlation between the toll of the pandemic and the lack of cooperation between countries, the lack of belief in specialists, and a lack of faith in the public institutions? The COVID pandemic is a kind of prologue to the climate crisis and many other global challenges to come. Hopefully, we’ll be able to clearly see our mistakes and take the cooperation route instead of the isolation route (figuratively and literally) we had to painfully endure during this episode.


  




  

    Chapter 2


    Environmental Awakening


    Let’s start with some background and briefly describe the events that brought us to the present day, concerning climate change awareness and the green movement. While this summary is by no means intended to cover these milestones in-depth, understanding their origin and impact certainly assists in understanding the big picture.


    Many think of environmental problems starting with the Industrial Revolution, but long before then, it was not uncommon for powerful nations to base their entire economies on the idea of extracting as much as they could from a given land and taking all its resources to the main metropole (think of the colonizing exploits of Portugal and Spain in the fifteenth century, for instance). The devastation of the natural Brazilian forest started long before Brazil was dubbed a country. The Atlantic Forest, which hosts one of the largest biodiversities worldwide (and no, I’m not talking about the Amazon), has only about 10%–15% of its vegetation left, and its destruction started over 500 years ago, when Europeans first set foot on Brazilian soil.8,9 My point is, the destruction of our environment is a topic much older than the Industrial Revolution, and pinpointing an exact starting point would be not only extremely difficult, but also futile to our discussion. However, while the extractive economy of the pre-Industrial era was undoubtedly harmful to the environment, the rate of resource use, waste generation, and emission release grew to a whole new level after the Industrial Revolution, and that is why the conversation about environmental conservation tends to start around the eighteenth century.


    The Industrial Revolution started in the middle of the eighteenth century in England, then expanded in an outward radius—and keeps expanding to this day, albeit in a less symmetrical fashion. From the beginning of human societies until the Industrial Revolution, global economic growth averaged 0.01% per year. In other words, the global standards of living were pretty much flat. By the year 2000, average gross domestic product (GDP) per person was 50 times that of what it had been for thousands of years.10 Given that the GDP is a measure of the goods and services a country produces, we can easily understand why the Industrial Revolution placed so much stress on the environment: It was the beginning of an era during which humans increased their economic activity fiftyfold!


    The question at hand is, when did human beings start to notice environmental damage? Or, in other words, when did we start to understand that we can only push the planetary boundaries so far before nature loses its ability to recover and replenish?


    It would be ignorant for us to claim that the concern for the environment and the idea of humans living in balance with nature started in the modern era after the Industrial Revolution. Several human societies respected and interacted with the environment in a sustainable manner way before James Watt came up with any steam engine, or the first industries started to show up in Britain. Indeed, there are forms of human societies that have been living in a sustainable manner for centuries and still do to this day (there are plenty of Indigenous communities as examples). They understand that nature requires balance and that extraction can only be pushed so far before the local environment suffers and threatens their way of life. Of course, history also tells us about plenty of other societies that did not act in a sustainable fashion.


    So, as we look back in time, it is convenient to point to the Industrial Revolution as the “big bang” of the environmental crisis: It is already considered a historical turning point, and it also marks a point when our ability to cause environmental harm reached an entirely new scale compared to what it had been before. But when did we start to notice that we were indeed causing harm to our whole planet? When did this understanding and concern expand from the minds of a few scholars and nascent environmentalists to actually reach a broader slice of society? This shift occurred roughly two centuries after the Industrial Revolution, through the work of the environmental movement’s prominent (and not so prominent) founding figures, who stood by the data, organized, and spoke to the world about what they were seeing.


    Though environmentalism didn’t start becoming mainstream until the late twentieth century, the beginning of what we think of as the environmental movement started in the nineteenth century. This includes the publishing of relevant books on the topic, as well as the creation of important modern conservation groups in the USA and elsewhere, both of which we will discuss further in this chapter. However, the main international treaties would only start in the next century. It goes to show how slow our actions (or should I say reactions?) are when it comes to environmental issues: the Industrial Revolution in the eighteenth century, environmental movements in the nineteenth, international treaties in the twentieth. And now, in the twenty-first century, we are starting to see more significant change in the winds with bigger, bolder, and much-needed action. But we still have long way to go and cannot afford to wait for what the twenty-second century will bring, for we most likely won’t be here to see it if we skip our duties in the here and now.


    Silent Spring


    In the mid-1900s, marine biologist and conservationist Rachel Carson made some observations, documented these observations, and eventually wrote a book about them called Silent Spring, making history. It was a big deal for two reasons: First, the book correlated human activities and the destruction of ecosystems; second, it popularized the idea that our actions have consequences on the environment and that those consequences may end up being more than we can handle. The publication of Silent Spring in 1962 is considered by many to be the beginning of the modern environmental movement. In it, Carson explores the unregulated use of pesticides that were developed in World War II. The book focuses on DDT (dichloro-diphenyl-trichloroethane) in particular, illustrating the ecological imbalances that resulted from its use.* Additionally, Carson observed that DDT does not simply disappear from the food chain. It is said that in nature nothing is lost, nothing is created, and everything is transformed. Once crops have absorbed DDT, whatever eats the crops will have DDT in their systems. The more of that crop a creature eats, the more concentrated the pesticide will be in its system. DDT also enters waterways due to rain, contaminating things that will be eaten by bigger things, which will be eaten by even bigger things, which can eventually be eaten by humans. And when humans are harmed by pesticide chemicals, alarm bells ring.


    But Carson also proposed that there can’t be healthy human beings without having a healthy ecosystem, regardless of whether pesticides reach them directly at the end of the food chain. Toxic chemicals like DDT cause harm to humans indirectly due to the harm to the whole biota that surrounds us (and on which humans are dependent on for their own lives, by the way). Many have tried to discredit Carson’s work. After all, it was in the way of “progress.” But careful evaluation by many scientists has confirmed Carson’s claims and reiterated her conclusions.


    Sustainability and Our Common Future


    As the idea that human actions could damage the biosphere started to slowly take root, so too did the idea of sustainability. But what exactly is sustainability? How can we measure it? The answer to this is quite complex and will pop up throughout this book. But we can start in the early 1980s.


    In 1983, Gro Harlem Brundtland, the former prime minister of Norway, was appointed chairperson of the United Nations World Commission on Environment and Development (WCED), forming what was to become known as the Brundtland Commission. Four years later, in 1987, the Commission released a report titled Our Common Future, which had a significant international impact. One of the main features of the document is the definition of sustainable development as “development that meets the needs of the present without compromising the ability of future generations to meet their own needs.”11 This definition would be widely used as a basis for the formulation of documents and regulations concerning public and private directives in years to come—and it is still relevant to this day. The document also recognizes the link between environmental conservation and social aspects, calling for a just and equitable distribution of resources within and among nations (there are mentions of redistribution of wealth, poverty reduction, and gender equality). Decades later, Gro Harlem Brundtland reflected upon the original document and kept the conviction that “poverty is the main cause and effect of environmental degradation in many developing countries.”12


    When speaking of sustainable development, there are two distinct schools of thought: weak sustainability versus strong sustainability. The former presupposes that natural capital and human capital are interchangeable, i.e., it is okay to make use of natural capital as long as it is being converted into human capital. A vivid example would be to say that it is okay to tear down a forest, as long as the wood is being used to build homes for people, thus increasing the human capital. Conversely, strong sustainability does not consider these to be interchangeable, i.e., they are distinctly different forms of capital.


    There is a simple rule that states that sustainable development is achieved when such development does not decrease the capacity to provide utility (per capita) over time (this is known as Hartwick’s rule). This means if resources are extracted at the same rate as they are replenished, such resources can (theoretically) provide utility virtually forever13 (even increasing in utility if the resources are “optimally extracted”). Note, however, that this rule does not distinguish natural capital from human capital. So going back to the forest example: If we tear down the forest and use its wood to build houses, and then we tear down these houses to make better houses (supposing technological advancements allowed us to do that), and then we tear down these new houses to build even better houses, and so on, so the capital per person is ever-increasing. From a weak sustainability standpoint, an extraction-rebuilding model like this is an example of a sustainable development. However, what about the species that were unique to the original forest and went extinct once it was torn down? The weak sustainability school of thought says this is still sustainable development because the capital rose overall. It supposes this is a fair trade-off: The extinction was the price to pay for the better houses—and this is okay because the resources are interchangeable. From a strong sustainability perspective, however, the extinction and the houses are not interchangeable resources, because once the species is extinct, future generations cannot utilize this resource (for example, by admiring a species deemed beautiful, or through the harvesting of a specific output only produced by such species*). In this sense, a weak sustainable approach says it’s okay to burn fossil fuels (natural capital) as long as the energy obtained from them is put to good use by creating capital (schools, roads, machinery) for humans. In contrast, the strong sustainability approach sees natural capital as nonsubstitutable. It acknowledges that we’ll always lose some capacity of the natural capital, whether in its ability to produce goods, absorb pollution (often loosely called “resilience”), or provide environmental amenities (landscapes, shade, clean(er) air, etc.).14


    Keep in mind, however, that both weak and strong sustainability are still economic concepts. Both still assume that natural capital can be monetarily valued.15 Moreover, both perspectives are based on assumptions that cannot be tested under the scientific method and that make claims about the (unknowable) future.16 Ultimately, these economic ideas are more complex than portrayed here, but hopefully you get the gist of it, and you can always go off to read more about it if curious.


    We have now come full circle, returning to the definition of sustainability proposed in Our Common Future. Interestingly, one can argue that this definition allows for the application of both a weak and a strong sustainability framework. Meeting the needs of a given generation can be interpreted in significantly different ways. How much food, water, shelter, goods, etc. does one need? Only enough to survive? A bit more? How much more? Where is the line between need and superfluous? Going back to the example where the extinction of a species was justified by the houses that were built, how can we define whether these species will be needed? It may just so happen that the species in question would be critical for the development of necessary medicine in the future. Let me share a concrete example: Hypertension medicine made from the venom of a snake (the Brazilian jararaca) is a survival need for many—and its market value was about $1.7 billion in 2019.17 How could we have ever known its value (monetary or otherwise) several decades back when the understanding and development of such a drug had just begun? In this sense, it is impossible to justify weak sustainability as the preferred paradigm because one can always argue that an extinct species can become a need for future generations. At the same time, it is impossible to prove that a species will become a need, also leaving strong sustainability one step behind in having the final say.


    Furthermore, at what point will human well-being start to decrease as a consequence of actions taken in the past? On average, human well-being has been steadily increasing over time, but there is plenty of recent evidence pointing toward things going in the opposite direction, with climate refugees serving as a sobering example.18 It is therefore hard to justify “sustainability” using these limiting economic terms. Or the opposite view can be taken, that it’s easy to justify sustainable practices if you just keep redefining what “needs” means. Finally, note that all these concepts are very anthropocentric. That is, when we talk about meeting the needs of current and future generations, we always focus on the needs of human beings. We ignore other species as also having rights for their current and future generations.


    The Intergovernmental Panel on Climate Change (IPCC)


    The IPCC is a body of the United Nations established in 1988 by the World Meteorological Organization (WMO) and the United Nations Environment Programme (UNEP), and it is also financed by these two organizations. The UN perceived the need for such a panel based on research done earlier in the century that pointed toward the existence of climate change and its possible severe consequences. Both the UNEP and WMO were naturally inclined to take the lead in such a matter, but at the time some key countries opposed this idea. The reasoning behind their opposition was more political than anything: If climate change was as impactful as it seemed, governments would likely want to influence the work directly, instead of relying on “third-party” organizations.* Thus, the idea of an intergovernmental panel was put forward, made up of representatives appointed by member governments.19 Note that this veered away from a more scientific-oriented organization and toward a political-expert hybrid. Some argue this was a good move, since it allowed for more to be achieved in practice (rather than having only “fruitless research” for research’s sake), but the influence governments have in such an organization is always something to bear in mind. Another reason for the push was such a panel would need multidisciplinary experts in addition to climate scientists, such as biologists, physicists, chemists, and a full spectrum of professionals from different areas to assess the causes of climate change, its mechanisms and possible consequences, and mitigation strategies.


    The role of the IPCC is priceless, as it aims to assess the changes in climate and provide governments with guidance to create policies to tackle the climate challenge. In 1990, two years after its creation, it released the first assessment report, which, in combination with further documents published later, was used as a foundation for an international environmental treaty signed by 154 states at the United Nations Conference on Environment and Development (UNCED), held in Rio de Janeiro in 1992.* This and later assessment reports were used as the base for the Kyoto Protocol (1997), in which industrialized nations agreed to reduce greenhouse gas emissions in accordance with agreed-upon individualized targets. 


    The production of these assessment reports has multiple stages and involves a vast number of contributors. Field experts and governments are invited at different stages of the process to comment on the scientific, technical, and socioeconomic evaluation of the drafts, which are assessed by hundreds of reviewers. Contrary to what some believe (myself included, at one point), the IPCC does not produce original research or monitor the climate itself. It instead uses available data from the published literature to assess the situation and draw its conclusions. The assessment reports are produced in three parts: (1) the physical science basis for climate change; (2) the impacts and risks of climate change on the ecosystem and biodiversity, with special attention to humans (health issues, societal disruptions, etc.); and (3) proposed mitigation strategies for both the short and long term: how we can do it, how efficient it will be, how much it will cost, etc. The reports not only deal with the technical feasibility of possible mitigation strategies, but also how to enable these strategies from a political-societal perspective.


    To date, a total of six IPCC assessment reports have been produced. The AR5 was released in 2014 and was important in arguing in favor of more rigorous policies in the 2015 Paris Agreement, which was a legally binding international agreement on climate change focused on limiting the global average temperature increase. As I was writing this book, the latest IPCC report (AR6) was released in three stages, between 2021 and 2023.


    An Inconvenient Truth


    Of the milestones we’ll talk about in this book, Al Gore’s 2006 movie An Inconvenient Truth was the most influential turning point for me personally. It was the first time I was actually shown the urgency of
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