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These comments accompany a PowerPoint presentation, http://www.quaker.org/fep/Berkeley307.pdf

To the extent possible, I use information from Intergovernmental Panel on Climate Change, which reflects scientific consensus. Some predictions, such as estimated sea level rise, are not found in the most current IPCC reports; in those cases, I use the predictions of John Holdren, outgoing president of American Association for the Advancement of Science, and others. These predictions are mainstream and pessimistic, though not the most pessimistic of mainstream estimates.

1. Fifty thousand years ago Homo Sapiens Sapiens evolved

2. created agriculture

3. developed writing

4. and found ways to extract greenhouse gases that had been stored since the time of the dinosaurs and before

5. Two inner planets, Earth and Venus, have more than a thin atmosphere, and are naturally warmer than we would expect given how far they are from the sun. Venus is hotter than Mercury, and hot enough to melt lead. 

6. Our Earth was warmer, much warmer, when there were more greenhouse gases in the atmosphere, before they were stored as coal, oil, and natural gas.

7. Even though the sun has been warming for billions of years, the Earth has cooled a lot since the time of the dinosaurs and before. The Earth used to be so hot, there were crocodiles near the North Pole.

8. We are releasing GHG that have been in long-term storage through burning fossil fuels, agriculture, and making cement and aluminum. We are releasing GHG that are in short-term storage by burning trees. And growing rice and cow burps are adding methane to the atmosphere

9. The top graph tracks temperature changes since the time of the dinosaurs. O-18 is a proxy for temperature, which can’t be measured directly. Note that year 0, today, is to the right. The top graph shows a general cooling of the Earth, as carbon dioxide in the atmosphere was stored. There was an increase in temperature 55 million years ago, possibly triggered by the release of greenhouse gases from a volcano – this caused temperatures in Arctic seas to rise to over 65oF. Starting 3 million years ago, we shifted into our current glacial (ice age) and interglacial periods. 

10. Here is a clearer picture of those changes. The red line is temperature, with 0 C the temperature in 1880, the blue line carbon dioxide, in parts per million, and the green line methane, in parts per billion, how many molecules of methane for every billion molecules of air. There are currently 382 molecules carbon dioxide for every million molecules of air. Doesn’t sound like much, does it?

This shows the relation between rising and falling temperature and carbon dioxide levels over the last 400,000 years. Changes in the Earth’s orbit change the temperature which changes the greenhouse gas composition of the atmosphere which changes the temperature even more. Homo Sapiens Sapiens evolved 50,000 years ago, Homo Sapiens some 200 – 250,000 years ago. We have never lived on a hot Earth.

Note that the temperature in the bottom graph has changed little recently. There are two reasons for this: the temperature in Antarctica has not changed very much compared to elsewhere. Also, the Earth’s temperature lags behind the addition of greenhouse gases to the atmosphere because of inertia.

Also note that perhaps 5 – 6 C, 9 F, up or down, means an entirely different climate on Earth, not just how warm it is, but where and how much rain falls. We may see more change than this by the end of this century. Climatologists are worried that a 2 C change, 3.6 F, may push us into a different climate worldwide, instead of just regionally as we now are seeing.

11. Even though there is inertia, the temperature of the Earth has gone up dramatically in the last 120 years. If you go back a thousand years, you won’t see much difference between then and 1880. Warmer in El Nino years, cooler after volcanoes. Notice that 1998 was very hot, as it was a strong El Nino year, now that’s normal.

12. These temperatures are compared to the average temperatures from 1980 – 99. These scenarios imagine business-as-usual under several different assumptions, more or less globalization, more or less fossil fuel intensive energy, more or less shift to service economy. Under the two warmer scenarios shown, New York temperatures will resemble those in Dallas or Houston today.

13. The sea level rise today is mostly from expanding water, but many expect glacier melt to become more important some time this century. Sea level rise this century is expected to be as much as 0.6 m just from warming of the water.

14. The island of Greenland is almost totally covered with ice. If it completely melts, which is possible in the next two or three centuries, sea level would rise 20 –23 feet. The thinner areas have already begun to melt.

15. Antarctica is a continent larger than Europe, covered by ice more than a mile thick on average. If Greenland melts, West Antarctica would be melting rapidly as well.

16. From the Andes to northwest China and India, more than one billion people, that is, more than one in six worldwide, get water from glaciers during the dry season. In recent years, glaciers worldwide have been shrinking. This is the Qori Kalis Glacier in Peru; 24 years it retreated more than 0.6 mile. As the glaciers melt, runoff increases. In Peru, people are moving in to take are of the increase in melt, but in a decade or two, this source will begin to disappear. Photo credit: Professor L. Thompson
17. Of even more concern is northwest China, where 300 million people depend on glacier melt. We need to adapt worldwide to climate change, but how do we adapt when 300 million Chinese are expected to have no water by mid-century? So far as I know, there are no changes we can make to alter the rapid decline of these glaciers, though by reducing emissions rapidly, we might be able to slow the increase in melt rate, giving China and other world governments time to notice. 
18.  These pictures show other examples of glacier melt. Glacier Park in Wyoming

19. Washington

20. Alaska

21. The South Asian subcontinent has many areas at low elevation, and many just eke out a living. Indians are at risk, but the Bangladeshis are thought to the most susceptible. Any sea level rise will force migration; migration has begun as water sources are becoming saltier. A one-meter sea level rise could force tens of millions to move. That could occur as early as the third quarter of this century.

22. In Cambodia, and much of Vietnam, people have no cars, don’t fly, but are very susceptible to sea level rise. The red areas will be underwater with a 6-meter, 20 foot sea level rise. A six-meter sea level rise could occur as early as late next century. Meanwhile, we can expect to see everything from a nibbling away to massive bites, of the world’s coastline under all scenarios.

23. Florida

24. East Coast

25. Europe

26. More Europe

27. Much of the California Delta, due east of San Francisco, is below sea level. It supplies drinking water to over 20 million Californians, and supplies most of the agricultural water. A one-meter sea level rise could lead to the failure of levees, and interfere with distribution of water for agriculture and residential use. Again, this could occur the third quarter of this century, somewhat earlier than in the rest of the world because in El Nino years, sea level on the West Coast of the U.S. can increase by 8 inches. If the sea level rise is that rapid, it makes more sense to desert the levees rather than continually rebuild them.

What are the implications if California agriculture can’t get water?

28. That is the bad scenario. The less bad scenario is that sea level rise is not so rapid, but that there is little snowpack in the winter, so little water is available in May and June from snow melt, which farmer and plants depend on today. Additionally, CA, the rest of the southwest, and much of the plains moved into a drought late last century, a drought that will probably be the norm for this century.

29. Melting glaciers are not the only water worry. The oceans shift warmth from the equator towards the poles. A weakening of the conveyor belt could leave more heat in tropical areas, and allow some areas far from the equator to cool somewhat, though another ice age is impossible while man lives. 

30. The monsoons are affected by these currents and land and ocean temperatures, all of which are changing. Both summer and winter monsoons are weakening in China, leading to floods in the south and drought in the north.

31. The reason ice ages are impossible while humans are alive – the carbon dioxide and methane levels will never decrease enough to allow another ice age.

32. Hurricane intensity may be increasing in some regions of the world; scientists are not yet in unity. They do agree that if storm intensity has not already increased, it will increase sometime early this century.

33. Except for insurance companies, we are not adapting to current conditions well, let alone to future worries. Effects on survivors, ecosystems, and coastlines can be long-lived.

34. A different kind of water issue. These are pictures from the Ethiopian famine of the early 1980’s, now thought to be in part due to pollution from other continents arriving in Africa and changing patterns of rainfall. Perhaps a quarter of African droughts today are due to a combination of this pollution and climate change.  In many areas of the world where precipitation will increase, soil will still be drier because of higher temperatures.

35. Forest fires are increasing as different areas become dryer with increasing temperatures. Increased variability in precipitation leads to more years of drought and to more pests such as the bark beetle which makes stressed trees even more vulnerable to fire. Fires are also taking much longer to extinguish. After a fire, we find more than just people are homeless. The number of large forest fires has increased dramatically, and the time to put them out has more than doubled, in the last decade+. Scientists say we in California are at the extremes of our ability to cope with forest fires, so it will get much worse.

In Canada and Alaska, the bark beetle can now live a generation or more in the longer warmer summers. The damage to Alaska forests is already significant, and bark beetle damage now fells more trees in Canada than does logging.

36. Foresters have been planting tree seeds which appear to have very specific preferences within 200 feet elevation of the mother tree. Now the question arises: where is within 200 feet of where the tree should be in 30 years? Where should farmers plant nut and fruit trees and grapes --which take more than a decade to mature?   

Farmers will continue to farm, but many will find changes in the rules of what to grow, and how to grow it, and what can happen year to year. Oregon and Washington farmers are already betting that the California wine industry will move north, but are they betting correctly?

37. With the help of people who have kept good data over centuries, particularly the British who had a naturalist society in even the tiniest towns, more than one thousand species have been observed moving toward the poles or to higher elevations.

38. The climate will be changing more rapidly this century, and so must migration.  Many species, and therefore many ecosystems, will have trouble migrating this rapidly.

39. Species in ecosystems that can’t move towards the poles or up, such as those in Arctic and alpine regions, are particularly at risk.

40. Trees move more slowly than some other plants. And while spring migrations of insects and birds have moved earlier in the year, as have flowering times, they haven’t necessarily moved forward in sync. Sometimes birds are arriving before their food.

41. The climate may change faster this century than at any time except for meteorites striking the Earth, possibly the cause of two of the five mass extinctions since complex life began. But unlike the changes that occur naturally between glacial and interglacial  periods, for example, we have put impediments in the way of animals and plants trying to migrate.

42. The golden toad of Costa Rica lived in a cloud forest, and then the clouds moved. 

The protea is the national flower of South Africa; this species is not extinct, but some of her sister species are. South Africa, like California, is a Mediterranean climate, with rain in the winter rather than the summer, and ecosystems that thrive far different from the surrounding areas. Perhaps a quarter of proteas are threatened by climate change. 

These particular bees and bats are not extinct, but several species have gone extinct. One threat to insects comes from the increasing variability of the climate – not only is the definition of "normal" changing, but whatever it is, there will be fewer days we call normal and more days we call extreme, so that insects, which are highly sensitive to change, as well as other species will have trouble adapting. Already California is seeing local extinctions, and many ecosystems will suffer when vital components, such as pollinators, are lost.

43. We are in the midst of a mass extinction. There are 5 others in the fossil history, the most recent being the dinosaur extinction 65 million years ago caused when a meteorite through so much dust into the air, plants died from lack of sunlight. Or extinctions might occur over many tens of millions of years as continents drifted to other parts of the Earth with different climates. 

44. Coral bleaching is the killing of organisms living on the coral, and protecting the coral. Coral reefs have been around many millions of years. From one quarter to one half of ocean species live in their reefs, and they are important to many poor peoples whose protein comes entirely from the sea. They are being destroyed by a number of factors, including rising sea temperatures and a more acid ocean -- oceans become more acidic as they absorb carbon dioxide. The Bengal tiger is expected to go extinct as sea level covers its habitat. The Bay Checkerspot and Painted Lady butterflies in California are seeing local extinction because their habitats are being changed by climate change, or because they cannot find food when the temperature changes rapidly from year to year.
45. Sometimes people send their best minds when there are weighty challenges needing creative solutions. For instance, The US sent its best people to write our Constitution, though within a quarter century the quality of representatives was back to normal. 

46. Frequently, though, when there is competition for basic resources -- too little water, or food, for the number of people -- it is not the best minds, not the best people, who come to power. In Rwanda in 1996, close to one million people died in a conflict in part due to lack of food. We think of Rwanda as an ethnic conflict, but some of the worse massacres were in areas with only one ethnic group.

47. Hitler rose to power during bad economic times, and tens of millions of people died from conflict, the Holocaust, and starvation.

48. In just over a century, the average temperature of the Earth has risen 0.8oC, or more than 1oF. Because of inertia, the temperature of the Earth is now committed to rising 0.6oC, or 1oF more.  With a total increase of 1.5 oC over what the Earth’s temperature was in 1900, the polar bear and the coral reefs to widespread bleaching and will be committed to extinction. So when you hear that the temperature has risen 0.9 oC since 1900 (only 0.1oC to go), that means we’re already committed to a 1.5 oC increase, and the polar bear is already committed to extinction. 

A middle business-as-usual scenario gets us to 2 oC, 3.6 F, over 1900 levels by mid-century, to more than 3 oC, more than 6 F, by 2100, and likely more in the February IPCC report. We can be committed by our policies and our behavior within a few years, certainly by 2015, maybe even 2012, to the 2 oC increase. Around this temperature, a catastrophic sea level rise of 10 – 13 feet/century will be triggered, more than a foot every 10 years. If the temperature stabilizes at 2 oC or somewhat higher, sea level may reach 80 feet above today’s level.

At a total increase of 4.5 oF, and we could easily reach an increase of above 6 oF by the end of the century, and our policies could commit us to this change within a couple of decades or possibly earlier, at a total increase of 4.5 oF, crop and ecosystem productivity is expected to drop most everywhere on Earth, rather than regionally as is now occurring. If this happens, it is unlikely that the Earth will be able to maintain the human population of mid-century.

49. While we can’t prevent many of these and other undesirable changes, we can keep total temperature increase below 2 oC if we take massive concerted action now.

Step one requires us to stabilize or decrease GHG emissions worldwide even as population and per capita consumption increase. These are some of the policies that will help.

Our per capita GDP in the US is about 30 times that in China, and the US is responsible for 28% of total emissions since 1850. Rich countries must tax their won energy use to pay for third world GHG reduction. Or will GHG reduction in the third world not occur, thus condemning all people, rich and poor, to the tragedies and disasters to come? 

We might want to consider whether changing our own behavior sooner rather than later will make it easier for scientists and people in policy to find solutions.

50. Without success in step one, there is no step 2 that will work to keep temperature increases below 2 oC. If we don’t change our policies by 2012 or 2015, here in the US and around the world, there is no way to prevent catastrophic sea level rise.

If we do succeed in achieving step, step two is equally challenging, and some of you will be creating the technology that makes it possible.  We still must reduce emissions another 60% or more by 2050, even as population and per capita consumption continue to increase. For climate justice, this will require European countries and Japan to cut back closer to 90% per capita, and Americans, perhaps 97% per capita.

Step 3 requires us to zero out carbon emissions in order to protect the oceans, which are acidifying at an alarming rate as they absorb excess carbon. The acidification alone is likely to lead to extinction of coral reefs and other organisms with shells. 

51. People often ask what we can do, but feel that their individual efforts won’t work. It might help to picture a centipede with 100 legs, each leg with a brain, and each brain noting the appearance of a shoe, and the dangers of imminent shoe squishing. Each brain can say, there’s nothing I can do. But if we can get 20 legs moving, and then moving more or less in the same direction, the centipede can escape the shoe.

52. What constitutes motion?

53. Most of us can reduce our own greenhouse gas emissions by 10% this year (let’s ignore the use of trains and buses for now). We can drive and fly less, drive more fuel-efficient cars, drive the speed limit. We can replace light bulbs and appliances with more efficient ones, insulate, and stop heating and cooling and lighting unused rooms. Those of us who emit more than the national average may want to consider cutting back to 10% below average. If we have already cut back a lot, work with others to reduce their GHG emissions: 

54. We can educate ourselves and others about the what is happening, how rapidly, and what we can do. This includes learning what type of arguments work for us, and for others – learning how to communicate, and how to communicate the urgency. It can include examining, even just once, what arises for us when we consider what is happening, and whether we look at living with less the same as living a diminished life. Or are there changes that would bring us new joy and hope if we are able to sustain them? Then we can share our understanding with others.

55. Movement could also consist of working with our legislators: instituting the programs previously mentioned. Also, the federal government can require states to plan today for adapting to climate change. It is already past time.

56. We can labor with our legislators, and if that doesn’t work, we can replace them. We only have nine years, possibly less, to make substantial reductions in GHG emissions.

57. Are you ready to wriggle? 

58. What kinds of changes can we address corporately? What are the items that the public must address, before our legislator can act?

59. A large one is behavior. We can look at our own behavior in order to change it, to be part of the public discussion on how we live and how we want to live, or to understand policy.

60. Policy discussions in the public go from the “we have no hope” to “we have so many solutions, we can throw some away”. There are a number of analysts respected by the policy community, such as John Holdren, this is just one of his writings you can find on the web. Also Alex Farrell and David Keith on various topics, including renewables.

61. Europeans are looking at taxing flying to price some flyers out (also, flyers don’t pay their fair share of taxes). Unfortunately, many now look at flying as a right. Discussions of these and other controversies will be facilitated by people who have gone through a process of reconsidering behavior themselves. Reducing GHG emissions for airplanes is particularly difficult because there is no low carbon source of energy on the horizon to replace jet fuel.

What about other mandates, such as reducing air conditioning and heating in DC buildings? Mandating higher price buildings and appliances that use less energy? Using fuel tax as an important source of general revenue? People are more comfortable with subsidizing solar panels than with mandating that all of us pay more today for our energy and our buildings. An important discussion for the public to have.

62. How much should we pay each year to build better buildings, and for energy? A sizeable number of Americans want to keep fuel prices low. Yet we need to increase funding for energy research worldwide by a factor of 4. We need to make non-coal energy sources more economically attractive.

Who should be paying for third world reductions in GHG emissions? This is a question I’ve heard a lot, though it’s usually phrased, “why should we cut back when China’s energy use is growing so much”. When China’s GHG emissions passes ours in the next year or so, our per capita emissions will be still be 4.5 times higher, and our cumulative emissions probably more than ten times greater. Many stumble at the idea of funding an economic competitor, no matter how important the result.

What about nuclear power, with its low GHG emissions? European heads of state are currently negotiating whether to have renewables requirements, or to have mandated reductions in GHG emissions along with nuclear power. The renewables mandates won’t get them to the reductions. This is a discussion that needs to occur a decade ago as dozens of coal power plants will likely be started within years just in the US.

In future discussions, we will address some of these topics.

