Chapter 1
Climate is a varying aspect of the atmosphere-hydrosphere-land surface system. It is characterized by averages of the climate system over a period of time.
Weather is an exact state of the atmosphere at a particular time.
Climate is a statistical description of the average weather over a period of time.
Important parameters of the climate are temperature and precipitation and form of precipitation- rain or snow.
Climate change is any change in the long-term statistics of climate elements (temperature, pressure, wind) sustained over several decades or longer.
Climate change refers to a change in the statistics of the atmosphere of the decades. Such statistics include averages and highest and lowest measures.
Equator is the line on the Earth’s surface halfway between North and South Poles and it divides Earth into the Northern hemisphere and the Southern hemisphere. 
The latitude is a distance between the location and the equator. Latitude is the measure of the position in the North-South direction, Longitude is the measure of the position in the East-West direction.
The tropics are the region between 30 North and 30 South. Polar regions are located from 60 to the Pole.
Science produces knowledge through a three-step process. First, science uses the scientific method - the process by which individual scientists generate a hypothesis (which is an assumption), perform experiments to test it, and reach the conclusion about the hypothesis. This is only the first step of the scientific process because the conclusion must be judged by the rest of the scientific community. The next step is peer review. The experimenter has to write a detailed description of his work and publish it in a scientific journal. Scientific journals will ask other scientists to review the article, which is a peer review. The last step is when important conclusions get retested by other scientists to make sure there is no mistake -  “crucible of science”. Only then does the scientific community accept the hypothesis as correct. Well-verified claims are accepted as scientific truths or we can say that scientific consensus was reached.
Scientific assessment is a report that summarizes what peer reviewed literature tells us about a specific topic, because scientific articles are hard to read for non-specialists
The most well-known assessments of climate science are done by the Intergovernmental Panel on Climate Change (IPCC). Other organizations, such as national academy of sciences, agree with the IPCC conclusion. 










Chapter 2
The most well-studied and reliable source of temperature data is the surface thermometer network. It shows a global and annual average warming of 1.1 Celsius between the 19th century and 2010s. The satellite temperature measurements confirm this. 
Ice around the world is disappearing: Glaciers are losing ice, sea ice becomes thinner and shrinks in size in the Arctic, and less so in Antarctica. The amount of ice on the planet is decreasing, ocean temperatures are decreasing, sea level is rising. All of these creates evidence that the climate is changing. Warming of the climate is beyond doubt.
Earth’s climate has varied widely over its 4.5-billion-year history. In the past, the Earth was cooler and warmer than today. 
Over the past few million years the Earth has changed between ice ages and warm interglacial periods. The Earth is currently in the interglacial.
We are currently in the Holocene, the period that began at the end of the last ice age. Based on the historical data the earth has been both much warmer then today and much colder. Temperatures have been declining for about 7,000 years until around the 1800s they began increasing rapidly. This coincided with the beginning of wide usage of fossil fuels. Human society with large cities and concrete has been around for only two centuries. As the climate continues to warm, we are departing from conditions under which humans have developed and thrived, and this warming is rapid. The challenge for the scientific community is to come up with a theory that explains all the variations in climate history.
























Chapter 3
Chapter 3 talks about Radiation and Energy Balance. First, concepts of energy, power and temperature are defined. Then, electromagnetic radiation is described. After that, blackbody radiation is discussed. Energy balance is described next.
Energy is the capacity to do work, for example, turning a wheel or compressing a spring. Energy is expressed as units of joules (J). 
Power is the rate that energy is flowing, and it is expressed in watts (W) 1W = 1J / second.
Temperature is a measure of the internal energy of an object and is frequently expressed by physicists using the Kelvin scale. The temperature in Kelvin is equal to the temperature in degrees Celsius plus 273.15. 
Photons are small discrete packets of energy. They have a characteristic size, known as the wavelength, which determines how the photons interact with matter. Photons with wavelengths between 0.4 and 0.8 um are visible to humans; photons with wavelengths between 0.8 and 1,000 um are called infrared. 
Objects emit blackbody radiation with a characteristic wavelength determined by Wien’s displacement law: Maximal Wavelength = 2, 897 / Temperature (where wavelength is in microns, and temperature is in Kelvin). Photons emitted by room-temperature objects (around 300K) are in the infrared and are not visible to humans. 
The relation between temperature and total power emitted by a blackbody is the Stefan-Boltzmann equation: P / a = SIgma x T ^ 4 where P / a is the power per unit area, a = 5.67 x 10 ^ -8 W / m ^ 2 / K ^ 4, and T is the temperature in Kelvin.
When a photon is emitted by an object and then absorbed by another object, energy is transferred from the emitter to the absorber. 
If the energy received by an object by absorbing photons exceeds the energy lost by emitting photons, then the object’s internal energy increases - and its temperature increases. 
The object cools off if the energy of emitted photons exceeds the energy received by absorbing photons. When energy gained and lost are equal, the object’s temperature does not change, a situation we refer to as equilibrium.
My main takeaways from reading Chapter 3 are that energy, power and temperature are connected.
Photons are small discrete packets of energy that have a characteristic size, known as the wavelength, which determines how the photons interact with matter.
Objects emit blackbody radiation with a characteristic wavelength.











Chapter 4 
Summary of Chapter 4 “A simple Climate Model”. In this chapter, Physics is used to explain how greenhouse gases warm the planet Earth. The source of energy for the Earth’s climate system is the Sun. Energy loss to space is occurring, though. The Greenhouse Effect is modeled in Chapter 4. First, a one-layer model is presented. Second, a two-layer model is discussed. Third, an n-layer model is detailed. Fourth, this theory is tested with planets other than Earth.
In this chapter, a very simple climate model based on the fact that the solar energy received by a planet (Ein) must be balanced by the energy that is radiating to space (Eout) was created. The temperature of the planet adjusts until this balance is achieved.
For a planet, Ein = S * (1 - a) / 4. S is the solar constant, which is the intensity of sunlight at the planet’s orbit (in units of W / m^2), and a is the planet’s albedo, which is the fraction of photons that fall on the planet that are reflected back to space (unitless).
The energy out for a planet is due to blackbody radiation.
In this simple model of the climate, the atmosphere is entirely transparent to visible radiation from the Sun, but it absorbs all infrared radiation. Further assumption is that the atmosphere radiates like a blackbody equally in the upward and downward directions. Then, the surface temperature is calculated by enforcing energy balance for the surface, the atmosphere, and the planet as a whole.
Then, the following general equation is derived for the surface temperature T of the planet: 
                             T = ((n + 1) * S * (1 - a) / (4 * ϭ)) ^ (1 / 4).
This equation says that the surface temperature of the planet is determined by 4 parameters: the number of layers in the atmosphere (n), which is the proxy of the amount of greenhouse gases in the atmosphere, the solar constant (S). the albedo (a), and the Stefan-Boltzmann constant (ϭ).
The simple model also explains the relative temperatures of the Earth’s nearest neighbors, namely Mercury, Venus, and Mars.
My main takeaways from reading Chapter 4 are that the Sun is the Earth’s source of energy but some of this energy is escaping to space. Then, the Greenhouse Effect that warms planet Earth is modeled. The N-layer model is derived for the surface temperature of the planet Earth and then extended to model relative temperatures of Mercury, Venus, and Mars.













Chapter 5
This chapter is about the carbon cycle - the process of how carbon moves between the atmosphere, ocean, land biosphere, and rocks on the Earth. It describes what a greenhouse gas is, which components of our atmosphere are greenhouse gases. And the key greenhouse gas for the problem of modern climate change, carbon dioxide.
Chapter 5 discusses greenhouse gases in connection with our atmosphere composition. Then, it describes the atmosphere - land biosphere - ocean carbon exchange. After that, it talks about the atmosphere - rock exchange. Then, it discusses how humans are perturbing the carbon cycle. Some commonly asked questions about the carbon cycle are answered after that. Then, the long-term fate of carbon dioxide is discussed. Finally, methane and other greenhouse gases are described.
Greenhouse gases are the components of our atmosphere that absorb infrared photons. The three most important are (in order) water vapor, carbon dioxide, and methane. Nitrogen, oxygen, and argon, which make up approximately 99.9 percent of the dry atmosphere, are not greenhouse gases.
While water vapor is the most important greenhouse gas in our climate system, carbon dioxide is the most important one for the problem of human-induced climate change. 
The carbon cycle describes how carbon is cycling through its primary reservoirs: the atmosphere (containing 864GtC), land biosphere (2,150 GtC), ocean (900 GtC in the mixed later and 37,100 GtC in the deep ocean), and rocks (millions and millions of GtC).
The atmosphere exchanges carbon with the land biosphere through photosynthesis and respiration. The atmosphere exchanges carbon with the ocean when carbon dioxide dissolves into or is emitted from the ocean. Over the course of several centuries, a carbon atom added to the atmosphere will cycle through all of the other reservoirs and return to the atmosphere. 
The atmosphere-land biosphere-ocean system also exchanges carbon with rock reservoirs through volcanism and chemical weathering. This exchange is extremely slow. 
Humans are perturbing the carbon cycle mainly by extracting and burning fossil fuels. The result is the creation of a new, rapid pathway moving carbon from rocks to the atmosphere. Between 2008 and 2017, fossil fuel combustion released an average of 9.5 GtC to the atmosphere from the rock reservoir, which is about 100 times the amount released from the rocks naturally. Land-use change is another important human source, releasing 1.5 GtC per year from the land biosphere into the atmosphere during this period. 
This has increased atmospheric carbon dioxide abundance from approximately 280 ppm in 1,750, before the industrial revolution, to 412 ppm in 2020. 
It takes a long time for the carbon cycle to remove carbon that humans add to the atmosphere. About 50 percent of it is removed in a few decades, 75 percent in a few centuries, and the last 25 percent is removed over a hundred thousand years. This means that atmospheric carbon dioxide will be elevated by human activities for a very long time - even if we stop burning fossil fuels in the next few decades. If you want a single lifetime for carbon dioxide, a value of 500 years is a good one to use. 
Greenhouse gases besides carbon dioxide can also be important. Many of them are much more powerful on a per-molecule basis. One kilogram of methane, for example, has the warming power as 32 kilograms of carbon dioxide. Since before the industrial revolution, methane has increased from 0.8 ppm to 1.9 ppm, an increase of 1.1 ppm, which has the warming equivalent of an increase of about 30 ppm of carbon dioxide. 
Methane has a short lifetime of 12.4 years, so if we can reduce emissions, the atmospheric abundance of methane will decline significantly within a few decades. 
My main takeaways are that there is a carbon cycle - the process of how carbon moves between the atmosphere, ocean, land biosphere, and rocks - on Earth; greenhouse gases - carbon dioxide, water vapor, methane and others - play important role in the carbon cycle; fossil fuels play important role for energy and in carbon cycle while affecting climate change; and the key greenhouse gas for the problem of modern climate change is carbon dioxide.



































Chapter 6
Chapter 6 shows that there is more interesting physics than in prior chapters that we have to consider to fully understand the evolution and magnitude of modern climate change.
First, the time lags in the climate system are discussed in Chapter 6. Second, radiative forcing is described including in greenhouse gases and aerosols. Total net forcing is discussed after that. Third, climate sensitivity is talked about including no-feedback, fast feedback and its impact, as well as slow feedback. Then, feedback is compared to radiative forcing.
A radiative forcing is an energy imbalance imposed on the Earth. It is calculated as the change in energy in minus energy out after the imposition of the specific change in the climate but before the temperature of the planet has adjusted in response.
In response to a radiative forcing, the Earth’s temperature adjusts, so that energy balance is re-established.
Because of the Earth’s thermal mass, this adjustment happens over time. There is a relatively rapid warming in the first few decades after the application of a radiative forcing as the ocean’s mixed layer warms. After that, it is the warming of the deep ocean that sets the pace of warming. Given the enormous heat capacity of the deep ocean, this warming takes millennia.
The increase in greenhouse gases since 1750 has imposed a radiative forcing of +3.5 W/m^2. The increase in carbon dioxide is responsible for + 2.2 W/m^2, or more than half of the total forcing. The change in aerosols since 1750 has imposed a net radiative forcing of -1.1 W/m^2 This means that aerosols offset approximately 30 percent of the radiative forcing from increasing greenhouse gases. Summing these and several other small changes, we get a net radiative forcing over this time period of +2.5 W/m^2, almost entirely due to human activities.
Positive feedback amplifies and negative feedback ameliorates an initial warming. For the problem of modern climate change, we are mainly concerned with the following fast feedback: water vapor, ice-albedo, lapse rate, and clouds. Together, they double to quadruple and initial warming. 
Feedback is a process that respond to changes in the surface temperature, whereas forcings are unrelated to the surface temperature. Thus, feedback does not initiate climate change, but forcings do.
The Earth’s climate sensitivity, which is conventionally defined as the equilibrium temperature increase caused by a doubling of carbon dioxide, is likely 2.5-4.0 K, with a best estimate of 3K. In terms of radiative forcing, the climate sensitivity is 0.63-1.0 K / (W/m^2), with a best estimate of 0.75 K / (W/m^2). 
On long time scales, slow feedback becomes important and could cause significant temperature increases beyond those predicted by the fast feedback. This slow feedback includes destruction of large parts of the Greenland and Antarctic ice sheets, which will change the planet’s albedo, thawing permafrost releasing carbon dioxide and methane, or large-scale changes in the distribution of vegetation.
My main takeaways are that In response to a radiative forcing, the Earth’s temperature adjusts, so that energy balance is re-established; feedback does not initiate climate change, but forcings do; and the Earth’s climate sensitivity, which is conventionally defined as the equilibrium temperature increase caused by a doubling of carbon dioxide, is likely 2.5-4.0 K, with a best estimate of 3K. In terms of radiative forcing, the climate sensitivity is 0.63-1.0 K / (W/m^2), with a best estimate of 0.75 K / (W/m^2). 
Chapter 7
Chapter 7 discussed why the Earth’s climate is changing.
The question whether the warming is caused by human activity, or it is natural, is addressed. Evidence of warming is so overwhelming that the IPCC describes it as “unequivocal”.
First, the context of the recent warming is discussed. Second, plate tectonics is described. Third, the Sun’s influence and the Earth’s orbit relevance are detailed. Fourth, unforced variability is described. Fifth, greenhouse gases’ role is discussed. Then, the chapter shows how science deals with outliers and a skeptical argument. Finally, the chapter puts it all together.
To determine a cause for the process of present-day warming, we examine all of the natural processes that are capable of changing our climate. Plate tectonics and orbital variations can be decisively rejected as explanations for the present-day warming because they are too slow. Variations in the solar constant can be decisively rejected because we have measurements since the late 1970s and these do not show the sun getting brighter.
Unforced variability such as El Nino cycles, cannot be definitively eliminated as a significant cause of long-term warming. However, there is no theory of how unforced variability could reproduce all of the changes we are observing in the climate system, nor does the climate record prior to industrial human activity show historical evidence of such changes, nor do computer simulations of the climate reproduce them. Given that, the scientific community has concluded this is an unlikely explanation for modern warming.
There is abundant evidence that the increase in greenhouse gases, which is due primarily to human activities, can explain the present-day warming. There is strong theoretical evidence that greenhouse gases warm the planet. And sophisticated calculations by climate models are only capable of reproducing the recent warming if the increase in greenhouse gases is included. There is also strong observational evidence that carbon dioxide has played a key role in our climate over the past billion years.
Based on this evidence, the scientific community has concluded that :(1) it is certain humans are influencing the climate, (2) it is extremely likely (95 percent confidence) that humans are the dominant cause of the warming since the industrial revolution, and (3) it is likely (66 percent confidence) that humans are responsible for all (or nearly all) of the warming.
My main takeaways from the reading are that there is strong evidence that greenhouse gases warm the planet, that carbon dioxide has played a key role in our climate over the past billion years, and that humans are influencing the climate.











Chapters 8 – 12 to be summarized.











































Chapter 13
Modern climate science began in the early 19th century. In the 1820s mathematician Joseph Fourier provided one of the first descriptions of the greenhouse effect: Earth’s atmosphere can trap heat and warm the surface of the planet excessively. The first prediction of human-induced climate change was made in 1896 by Svante Arrhenius. In the late 1930s Guy Stewart Callendar made the first claim that human-induced global warning was actually occurring. 
In the 1950s people realized that humans possessed the power to greatly modify our environment.
In the 1960s tobacco companies pioneered efforts to cast doubt on science to keep people smoking. The same strategy is used to stop environmental regulations. The ozone problem emerged in the 1950s and remained an active issue throughout the 1980s. The debates over ozone depletion and acid rain were a preview for the debate over climate. People who are opposed to the regulations on these problems used the strategy of the tobacco companies of casting doubt on science.
People work together to fix environmental problems with chemicals called CFCs that are damaging the ozone layer that protects us from the sun. The countries signed the Montreal protocol in 1987 committing to get rid of the CFCs. In the 1970s and 1980s there was development of free markets and debates between the governing ideologies of capitalism and socialism. Solving problems like climate change requires some government intervention in the markets.
In the 1970s scientists raised concerns regarding increasing greenhouse gases and global warming which reached consensus by the end of 1970s. Two opposite effects were taking place: human activities cause global warming, and human activities cause global cooling. The following conclusion was made by the US National Academy of Sciences: “If carbon dioxide continues to increase, the study group finds no reason to doubt that climate changes will result and no reason to believe that these changes will be negligible.”
1988 was the year when climate change went from being mostly an academic problem to a political one. Temperature records and drought conditions prevailed during the summer. Global warming Montreal protocol was negotiated as the result of these changes.
The first climate treaty was the 1992 Framework Convention in Climate Change or FCCC. This treaty codified three important principles: (1) “common but differentiated responsibilities,” (2) the precautionary principle, and (3) an agreement that the world should limit greenhouse-gas emissions in order to prevent “dangerous” climate change.
The 1997 Kyoto Protocol included binding reductions of emissions for industrialized countries - these countries had to reduce emissions during the commitment period (2008 - 2012) by an average of 5 percent below baseline (1990 emissions), with the exact amount varying by country. There were no restrictions placed on developing countries.
At the 2009 Copenhagen meeting, the rift between the rich, industrialized countries and poorer, developing countries prevented any global agreement on reducing emissions. The meeting did produce the Copenhagen Accord, which included an agreement that the world’s goal should be to avoid 2*C of warming above pre-industrial temperatures.
Under the 2015 Paris Agreement, each country named their own emissions reduction target (known as NDCs). This approach avoids the problem of negotiating a global emissions reduction target.  The Paris Agreement also strengthens the temperature target to well below 2*C while pursuing efforts to limit warning to 1.5*C.
The Paris Agreement NDCs put the world on a path for 3 - 3.5*C of warming. Clearly, additional reductions in emissions will be necessary to achieve the Paris Agreement’s temperature targets.




