Additional Notes from Reading material
In this document, I jotted down some notes while putting together the reading and lecture material. These notes point out some of the reading content to pay particular attention to. You should be able to answer the questions posed. In some cases, additional notes are provided to help you understand the material. The notes are divided into section headings based on the reading material. This is not meant to be a complete list of everything that you need to know from the reading! Hopefully you will find it useful.
Weather vs Climate / Introduction to Climate Change

1. Weather is what is happening right now. It can change rapidly. Climate is all the statistics of the weather for a specific region over a long period of time.
2. The statistics on the extremes of weather in a given region, for example, what are record high temperatures for a given time of year, how often does it fall below freezing, etc. are very important in understanding the type of life that can survive in that region. 

3. Pay attention to the first two points made in the section “Introductory Notes on Climate Change.” It is important to keep these in mind.
a. Individual weather events, even one hot summer or one cold winter, tell us little about climate change, although many journalists and politicians make this mistake.
b. Quoting from the reading, “climate change is a normal and natural part of Earth's history. We know that climate change has occurred throughout the history of the Earth. We tend to think of today's climate as "the way things have always been" or "the way things ought to be", but this is incorrect. There is overwhelming evidence that climates on Earth are always changing.” Climate change itself is “normal” and “expected” based on the history of the Earth.
4. You should know why it is important to be clear about what is meant by “global warming” when discussing the issue.
5. Keep in mind that there are many on both sides of this issue that will try to convince you toward their way of thinking by not telling the whole story or otherwise misleading you. It is important that you understand the issue well enough to make informed decisions and not be lead by people with their own agendas.

6. Again the issues of global warming (possibly caused by human emissions of greenhouse gases) and stratospheric ozone depletion are two different issues and can be treated independently.
7. Realize that there are many, many different regional climates on Earth. We would expect each to experience unique climate changes. The animals and plants living in a particular climate zone are mostly influenced by local climate changes. We also expect that climates are always in the process of changing for natural reasons. Thus, it becomes difficult to determine if the increase in greenhouse gases due to human fossil fuel burning is significantly influencing climate changes on Earth. 
Radiation / Radiative Equilibrium / Greenhouse Effect

1. All objects in the universe emit (give off) radiation energy. This by itself tends to cool the object.

a. The hotter an object gets, the greater the amount of radiation energy that it emits.

b. As the object gets hotter, it becomes capable of emitting higher energy photons of radiation.

2. You should be able to rank the types of photons most common to the Earth’s environment in order from highest to lowest energy per photon … ultraviolet, visible, infrared

3. You should have a rough idea of what happens to radiation from the sun that hits the Earth, i.e., how much is reflected, how much is absorbed, where it is mostly absorbed, etc.

4. Have a basic understanding of radiative equilibrium. You should understand how the radiative equilibrium temperature will change if there is a change in the amount of energy the Earth absorbs from the sun. In particular the effects of changes in cloud cover.

5. I certainly do not expect you to have a detailed understanding of the greenhouse effect, however, I think you should understand the basics described in the simplified model in the handout. You should understand the basic argument that adding greenhouse gases should act to warm the surface of the Earth by strengthening the greenhouse effect. However, how much warming and the spatial pattern of temperature changes cannot be predicted with much certainty due to our lack of understanding of how the Earth’s climate system operates.

6. The greenhouse effect is accomplished by certain gases known as greenhouse gases and clouds. The most important greenhouse gas on Earth is water vapor with carbon dioxide a distant second. Please keep in mind the importance of clouds in the greenhouse effect.

Increasing Greenhouse Gases / Carbon Cycle
1. Although we know humans are responsible for greenhouse gas increases, little has been done about it. Why?

2. Understand the text in the section:  “Overview for Increasing Greenhouse Gases”.

3. You should understand how the processes of photosynthesis and respiration operate as fluxes in the carbon cycle. (You do not need to know the chemical equations). 

4. You should understand the issue of the “missing CO2 sink.” An alternative statement concerning the missing sink is given below:

There is a Problem with our estimation of the carbon cycle:  

We can accurately compute the rate of carbon release due to fossil fuel burning and deforestation.  We estimate a stronger ocean sink, but
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Therefore, there must be a “missing sink” for atmospheric CO2, i.e., an unidentified process that we do not understand is removing (or taking out) some of the CO2 that humans add to the atmosphere.

Feedbacks / Climate Models

1. A key point in this section is that the Earth’s climate system is very complex and there is much about its operation that we do not understand. This makes it impossible to accurately predict the overall effect of higher levels of greenhouse gases.

a. We know that climates on Earth have always changed and will continue to change for natural reasons … regardless of human activity. There is much about these natural changes that we do not understand and we are certainly not good at making long-term forecasts of climate changes.

b. Now include anthropogenic (human-caused) emissions of greenhouse gases into the climate change puzzle and try to separate its effect from natural climate change and you have an impossible task since all components of the climate system are linked.

2. Study carefully over the WORD document on climate feedbacks, which is linked at the bottom of the first section of the reading.

a. You should understand and be able to identify the difference between positive and negative feedbacks.  

i. In a positive feedback cycle, the last step must reinforce or enhance one of the previous steps in the process. One often draws a looping arrow from the last step to one of the previous steps to indicate positive feedback. For positive feedback, if you push the system in a particular direction, the result of the feedback process is to push the system further in that direction (enhancing the initial change).
ii. In a negative feedback cycle, the last step must act counter to or diminish one of the previous steps.  For negative feedback, if you push the system in a particular direction, the result of the feedback process is to push the system back toward where it started (lessening the initial change).
b. Important! Near top of WORD document … It says that if the amount of CO2 in the atmosphere were double what it was prior to the industrial revolution and there were no feedbacks operating in the climate system (not realistic), then the average surface temperature of the Earth would be 1° C higher. This is our best estimate of the no feedback case. We will probably reach 560 ppm CO2 by later in this century. Climate models generally predict that the Earth will be 3° C warmer after CO2 is doubled, thus the models have an overall positive feedback response in temperature. Whether or not positive feedbacks will dominate is very uncertain.
c. Feedbacks 3 and 4 in the WORD document are very important. Changes in water vapor and clouds are not well understood and certainly not handled well in climate models. The reason this is so important is that most climate models have an overall positive feedback in response to adding greenhouse gases to the atmosphere. The positive feedback is mostly caused by changes in water vapor and clouds, two processes that are known to be problem areas in the models. The issue is we cannot place much confidence in this model prediction … Yet this potential positive feedback is what causes the majority of future “global warming” as predicted by models.

3. We will go over a handout that outlines material about climate models in class. We do not have enough time to cover models in much detail, however, it is very important to understand the limitations of the models and realize that their predictions of the future are uncertain. A few written notes  based on what will be discussed in lecture are provided below:

a. I like to say that there are two different “Earths” out there: (1) the real world climate of the Earth and (2) the model world or the model’s representation of the climate of Earth. At no point are these two the same thing. This does not mean the models are worthless or should not be considered, but one should not think that the model is capable of reproducing or predicting the real climates found on the Earth.

i. Modelers have done the following exercise. Initialize the atmosphere to have CO2 levels equal to what was on Earth in 1900. Let the model run with that amount of CO2 until it stabilizes to the model’s perception of reality for year 1900 carbon dioxide levels. Now run the model forward in time for 100 years.

1. If CO2 is left unchanged over the 100 years, the models predict very little change in global average temperature.

2. If CO2 is in the model is increased as it was measured to increase from 1900 to 2000 (we know well how CO2 has changed with time just not what the effect will be), the models predict a rise in global average temperature of about 1° C, which is very close to how much the global average temperature has risen from 1900 to 2000.

3. Possible conclusions … the models did a good job of reproducing the change in global average temperature that was observed from 1900 to 2000. This only happens when CO2 is increased in the models. Therefore, the measured warming since 1900 has been mainly caused by increased CO2. And the models are good enough that they can make useful predictions of future climate change driven by increases in greenhouse gases.

a. Problem. We expect natural variability in temperatures even if CO2 levels do not change. Models do not show changes without changing CO2.

b. Problem. The model world is not reality. For example, the North American Monsoon, which has previously been mentioned due to its influence on the weather and climate of the southwestern U.S. and happens every year, does not happen in the models. Hard for me to believe that if the model is missing such a large feature that it is able to accurately predict changes in climate.

c. Problem. The model runs mentioned above were “tuned” or “tweaked” to match the 1° C increase in global average temperature that occurred from 1900 to 2000. In this case the “answer” was known. This type of tweaking cannot be done when trying to predict future climate changes because the answer is not known beforehand.

4. You should know what is meant by the “ocean delay” with respect to possible warming of global average surface temperature due to humans adding greenhouse gases.

5. In summary, climate models predict a significant increase in global average temperature stemming from humans adding greenhouse gases to the atmosphere. The models do have overall positive feedbacks, such that much of the predicted warming is not directly caused by the additional greenhouse gases, but by positive feedbacks that kick in. However, there are serious known problems with the models, and we should always be cautious when considering the predictions of climate models.
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