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.
Implications of Climate Change

1. Climate changes have happened throughout the history of the Earth, including the last 100 years. Given that global average temperature has increased over the last 100 years, we expect that some of the responses will be things like higher sea levels and decreased sea ice. However, these observed changes do not tell us why the global average temperature is increasing. Correlation, such as that between increasing greenhouse gases and temperature increases over the last 100 years, does NOT prove cause and effect. We expect that climates are always changing whether or not there is influence from human activity. We cannot explain all the past fluctuations in global average temperature, which includes periods warmer than today that have happened in the recent past after the last Ice Age. Question to consider: why must there be a human-cause for the most current climate changes when human influence was not a factor in past climate changes?

a. Thus, showing images of melting glaciers, observations of sea level rise, noting the response of biological systems to recent climate changes, and other responses to the higher global average temperature, does not provide much evidence for why the changes are happening.
b. I am not saying that adding greenhouse gases has not or will not cause significant climate changes, only that we should reason logically and scientifically before declaring that cause and effect are clearly established.

2. Note that in the most recent International Panel on Climate Change (IPCC) Report, it is concluded with very likely certainty (> 90% according to their documentation) that most of the warming since 1950 has been the result of increases in greenhouse gases in the atmosphere.  The authors mainly relied on the information provided by climate models to reach this conclusion. I think this gives too much weight to computer models that are known to have serious deficiencies. For example, models continue to predict warming beyond the year 2000, however, the global average temperature has stabilized since the early 2000s. While this does not prove or disprove the ability of climate models, one can question using only climate models to reach the conclusion presented by the IPCC.
3. Now if the models are correct (and they may be), then there will certainly be more global warming. As the global average surface temperature warms, there will be associated effects in climate zones throughout the Earth. Whether or not the models can accurately predict regional scale climate changes is another question. However, these models will make predictions about future climates and climate changes in response to increasing greenhouse gases in the atmosphere. The study of the possible consequences for humans and other life given the climate changes predicted by models is called impact studies.
a. A WORD Document is linked under the “Potential Impacts of Climate Change” section in the reading. You should know that impact studies are based on uncertain model projections and that even if we know the climate changes that are coming it is difficult to predict the impacts.
b. You should realize that of the possible consequences listed in the WORD document, only the first point, sea level rise, is likely to happen. The rest of the list is speculative and not certain to occur even if there is warming. 

Pages on past temperature changes

1. We are now going to take a look at how global average temperature has changed through the history of the Earth. This will allow us to put the recent warming period in some sort of historical perspective. As stated previously, all evidence indicates that climates on Earth have always been changing. Keep in mind that prior to about 200 years ago, there were no direct measurements of temperature and the evidence that we do have about past temperature changes are called proxy records …
Proxy records – inferred records of past climate and climate changes that are not based on direct measurement.  Information can be obtained about past temperature and precipitation patterns and concentrations of some greenhouse gases.  Climate reconstructions based on proxy records are by no means certain (they are only estimates based on indirect observations), and the further back in time we go, the more uncertain the estimates of past climates. Examples of proxy records, such as tree ring data and glacial ice cores, are included in the reading material.
2. We are going to examine the temperature record starting with the Pleistocene Epoch, which includes the last 2 million years or so and is characterized by alternating Ice Age cycles. Please pay attention to the first paragraph on the Pleistocene. You should realize that before the Pleistocene Epoch and for most of Earth’s ancient history, the Earth was much warmer than it is presently. This includes the Age of Dinosaurs.  

Pleistocene Epoch (period from ~2 Million years ago to ~15,000 years ago)

· Alternating glacial (ice ages, glaciers spreading) and interglacial (glaciers retreating) periods

· At least 20 glacial/interglacial periods during the Pleistocene
3. You should understand what is meant by an Ice Age. It does not mean that the entire Earth becomes frozen into one giant snowball. During an Ice Age, glaciers begin to spread away from the polar regions of Earth. This happens when the accumulation of ice and snow is greater than the amount that melts each year. Look at the pictures at the bottom of the Pleistocene page, which compares the ice extent between the peak of the last ice age (about 18,000 years ago) with the current day. The glaciers spread into the northern parts of the U.S., but did not extend much further south. Tropical regions on Earth were still relatively warm.
4. You should understand the relationship between Ice Ages and sea level and how that contributed to the migration of people from Asia to North America.
5. You should understand the correlation between the amounts of two greenhouse gases, carbon dioxide and methane, and the global average temperature as inferred from ice core data. You should understand that correlation does not prove a cause and effect relationship, and that this correlation is not good evidence that increased greenhouse gases cause the global average temperature to increase.
6. You should read over and understand the point made that life on Earth is both fragile and robust with respect to climate changes depending on whether you are considering all life or an individual species.
7. We are currently in the Holocene Epoch …
Holocene Epoch – the present interglacial period, which began after the peak of the last true ice age about 15,000 years ago.
For the Holocene epoch, know the timing and significance of:

· the Younger-Dryas

· the Holocene maximum (or Climatic Optimum or Holocene Optimum)

· the Medieval warm period (or Medieval Optimum or Little Climatic Optimum)

· the Little Ice Age
8. A major point to be made is that even in the relatively recent past, the Holocene Epoch, there have been significant natural fluctuations in climates around the Earth. In terms of global average temperature, there are oscillations between relatively warm and relatively cold periods. This period includes much of the written history of humans. In fact natural climate variations have played a large role in the development, well-being, and spread of human civilizations on Earth.
9. Controversy Page … Because reconstructions of past temperature changes based on proxy records is not exact and much is left up to subjective interpretation of the data, different research groups will come up with different reconstructions of past temperature records.

10. In 1998, a very controversial reconstruction, which is not known as the “hockey stick” reconstruction because of its shape, was published. You should know the major differences between the hockey stick and the reconstruction presented on the Holocene reading page over the last 1000 years. You should understand how different inferences about the influence of greenhouse gas increases on temperature change can be made depending on which reconstruction is thought to be correct. Finally, the original hockey-stick has been shown to have serious statistical and interpretative errors in its analysis. However, this issue does show the political nature of the global warming debate and that given our uncertainty about the climate system and the effects of adding greenhouse gases, it often comes down to what one “believes” rather than something that can be proven.
20th Century Warming … What’s next?
1. You should realize that the data on global average temperature changes after 1850 are largely based on direct thermometer measurements. This is no longer considered proxy records and we can be much more certain of the changes.
2. You should know the pattern of the temperature changes since 1910 and their significance with regard to the argument that changes in global average temperature are now dominated by changes in greenhouse gas concentrations.
3. Some additional notes on “dirty coal” burning are given below.

Possible explanation for the “unexpected” cooling from 1940 – late 1970s

Coal burning ( (releases) ( SO2 (gas) ( (converts to) ( sulfate aerosols

Sulfate aerosols are responsible for acid rain. Concerns about acid rain lead developed countries to enact regulations to reduce sulfur dioxide emissions (the US actually began a SO2 cap and trade system).

With respect to the radiation energy budget for the Earth, sulfate aerosols reflect sunlight, and are a cooling influence on surface temperature.

Prior to 1980 “dirty” coal burning

a. High SO2 emissions, lots of aerosols produced

b. Cooling influence of aerosols offset the “expected” warming from increased greenhouse gas emissions

After 1980, cleaner coal burning to reduce acid rain concerns

a. Lower SO2 emissions, less sulfate aerosols

b. Allows greenhouse gas warming to dominate

The term “unexpected” refers to those who are convinced that adding greenhouse gases will result in significant warming. Not everyone agrees with that. In fact skeptics of climate models say that climate modelers have been able to play a trick where they add some representation of sulfate aerosols to the atmosphere during the 1940-1980 to reproduce the observed cooling of global average temperature even during a period when greenhouse gas concentrations were increasing.  This is manipulating a computer program until it gives you the answer that you want. Beside that are there really less sulfate aerosols since 1980? Hard to believe given fact that China for example is adding a new coal powered electrical generating plant each week.
4. You should be understand that the global average temperature is currently the warmest it has been since 1850, but not the warmest in the history of the Earth. The rate of warming has slowed since the early 2000s … what will happen next? Models say more warming, but we really do not know.
5. You should study over the section “What to Do?” on the last reading page. I present an overview of the possible greenhouse gas caused global warming as well as a sampling of some of the opinions on possible greenhouse gas climate change. I do not claim to provide all of the views on human caused global warming, nor do I claim to order them based on their current popularity. It provides you with some things to consider in formulating your own opinions.

