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Summary:  There is a strong consensus among scientists that human activity is causing a continuing buildup of greenhouse gases in the atmosphere, and this is causing global warming.  With the economic growth of China and India, it is likely the buildup of greenhouse gases will accelerate.  While it is unclear what the consequences will be, it is likely that climate change will cause economic harm to many people.  We cannot rule out sudden shifts in climate that could be disastrous for some regions.  Significant melting in Greenland and the Antarctic could cause the oceans to rise many feet.  Regional climate change could cause persistent droughts or flooding.  We Americans are emitting far more than our share of greenhouse gases.  Do we have the right to endanger generations to come?  The climate has some built-in delays, so the changes we have already caused will continue to warm the globe for decades.  It will also take decades to develop sustainable sources of energy.  Now is the time to make this issue a personal and national priority.  
Introduction

This report is intended to provide a guide to information about global climate change and to counter the significant amount of misinformation that is widely available on the internet and in the media.  The first section will discuss the scientific consensus.  The second will provide an overview of reliable information sources.  The third will provide a brief discussion of the evidence.  The fourth section will discuss the controversies.  The fifth section will discuss what is known about consequences.  The final section will discuss steps to limit the risks.
1.  How Strong is the Scientific Consensus?

Over the last decade, the evidence for global warming has become stronger and many scientists have become convinced that humans are causing climate change.  There are still many unanswered questions, but many scientists believe we should act now to limit the consequences.  Here is a list of significant scientific organizations that have taken a stand on the subject.  I have not found any major scientific organization that claims that humans are not causing global warming.

a. The IPCC is an international group that is charged with reviewing the published (peer-reviewed) literature.  (See http://www.ipcc.ch/ and click on the links to “Summary for policy makers”).  Their summary on “The Physical Science Basis” provides strong evidence of warming and says “Most of the observed increase in globally averaged temperatures since the mid-20th century is very likely due to the observed increase in anthropogenic greenhouse gas concentrations.”

b. The U.S. National Academy of Science is composed of excellent scientists across a wide range of disciplines.  They issued a policy statement (http://nationalacademies.org/onpi/06072005.pdf ) which included “The scientific understanding of climate change is now sufficiently clear to justify nations taking prompt action. It is vital that all nations identify cost-effective steps that they can take now, to contribute to substantial and long-term reduction in net global greenhouse gas emissions.”  Note that this was also signed by the national academies of many other nations.

c. The American Meteorological Society has a policy statement (http://www.ametsoc.org/POLICY/2007climatechange.html ) on global warming that includes “Indeed, strong observational evidence and results from modeling studies indicate that, at least over the last 50 years, human activities are a major contributor to climate change.”  It also states: “Despite the uncertainties noted above, there is adequate evidence from observations and interpretations of climate simulations to conclude that the atmosphere, ocean, and land surface are warming; that humans have significantly contributed to this change; and that further climate change will continue to have important impacts on human societies, on economies, on ecosystems, and on wildlife through the 21st century and beyond.”

d. The American Association for the Advancement of Science has an even stronger policy statement which includes “The scientific evidence is clear: global climate change caused by human activities is occurring now, and it is a growing threat to society.” http://www.aaas.org/news/releases/2007/0218am_statement.shtml .

e. The American Geophysical Union policy statement begins “The Earth's climate is now clearly out of balance and is warming.”  It also says “...there are many sources of scientific uncertainty, but none are known that could make the impact of climate change inconsequential. Given the uncertainty in climate projections, there can be surprises that may cause more dramatic disruptions than anticipated...” http://www.agu.org/sci_soc/policy/positions/climate_change2008.shtml
Each of the policy statements listed above (except the first) is about one page long. They are all well worth reading.  Note that most of the listed societies represent scientists with considerable expertise in climate issues.  Some skeptics claim that these scientists are just trying to scare us so that we will fund their research.  However, the leaders of the scientific societies know their credibility will be destroyed if their policy statements are not supported by evidence.  Also the U.S. National Academy of Science has no vested interest in global warming.  They are the best scientists in this country, and they have experience in reviewing evidence to provide guidance for national policy decisions.

Skeptics often claim that the consensus is exaggerated and point to a few eminent scientists who believe that the recent warming trend is temporary and not caused by humans.  We should continue to fund research by a wide variety of scientists to get a better understanding of this complex issue.  But since all of the major scientific organizations say that global warming is real and caused by humans, we should take action accordingly.
2.  Reliable Sources of Information

While the basics of global warming are not complicated, the details are very complex and few people have the time or training to understand them.  Many websites, magazines, and TV shows provide inaccurate or false information.  Unfortunately, because of the economic and political ramifications of this issue, people have developed misleading arguments that can seem quite convincing.  Consequently, we should be skeptical of information on most websites.  The mainstream view is given by the Intergovernmental Panel on Climate Change (IPCC) (http://www.ipcc.ch/).  The EPA also has a useful website: http://www.epa.gov/climatechange/ .  
Established journals like Science, Nature, and Scientific American are likely to give reliable information.  These are readily available to the public in university libraries.  Unfortunately, there are many other science news magazines that seem credible but like to print controversial articles.  It can be hard to tell whether a given article is reliable or not.  One of the ways that scientists get at the truth is by publishing detailed articles in peer reviewed journals.  Over time, scientists check each other’s ideas, data, experiments, etc. and eventually come to a consensus.  Google Scholar (http://scholar.google.com/ ) is useful for searching the scientific literature.  Using this, one can find published papers that are more likely to be reliable than typical newspaper articles.  Google Scholar also makes it easy to find other papers that support or contradict a given paper.
3.  Scientific Evidence

This section will briefly present the evidence that humans are causing global warming.  The next section will provide more detail and address the arguments of skeptics about some of this evidence.  A more complete discussion is provided at the IPCC website.  Changes in global average surface temperatures
 since 1880 are shown in Fig. 1.  The temperature has been increasing noticeably since 1950 except for some brief dips associated with volcanic explosions that put dust into the stratosphere.  Although the 0.9 oF temperature increase since 1950 is small, if the temperature continues to increase at that rate it could have significant consequences.  There are reasons to believe the temperature could rise faster in the future.
The figure also shows the results from a NASA climate model.  The model was run with 5 slightly different starting conditions to represent natural variations in climate.  The average of these model results agrees well with the observation, including the dips due to volcanoes.
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Fig. 1.  Measured temperature and NASA climate model comparison
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Fig. 2.  Main factors in climate model for Fig. 1.

Fig. 2 shows the main factors that affect the temperature in the climate model used for Fig. 1.  Greenhouse gases cause the main forcing (extra energy input), while dust from volcanoes and aerosols from human activities reduce the energy input by scattering and reflecting sunlight.  (Two lines are shown for the man-made aerosols, because the model included both direct and indirect effects of these aerosols.  See the original paper for more details).  

Note that the effect of the greenhouse gases in Fig. 2 is continuing to increase.  This is because we are continuing to put more carbon dioxide and other greenhouse gases into the atmosphere at a rate faster than the gases can be removed by natural processes.  Note also that the man-made aerosols cause some global cooling that partially offsets the effect of the greenhouse gases.  As we try to reduce local pollution such as smog in cities, the man-made aerosols will decrease, and the warming by greenhouse gases may become more pronounced.  
The NASA climate model is complex and sophisticated.  Even though it reproduces the recently observed warming, we cannot be sure that it will correctly predict the future.  A number of other research groups have made similar models.  Each group strives to include all the correct physical processes and to compare results with measurements.  The recent IPCC report shows the results of 5 of these models.  There is significant variation in the predictions, but all show that the recent warming can be explained if greenhouse gases are included in the model and cannot be explained without the man-made greenhouse gases.  The IPCC report says that variations in the brightness of the sun and natural variations in climate cannot account for much of the recent warming.
As the earth absorbs extra energy via the greenhouse effect, the oceans must also warm.  The NASA report listed above also discusses measurements of the warming of the ocean down to depths of 750 m (about 800 yards).  These measurements also show that the earth is warming, and the extra energy being absorbed is consistent with the greenhouse effect.  This report also explains that the oceans are slowing down the temperature rise because some heat is being carried down into the ocean.  This creates a lag in the system, so that the surface temperature will continue to go up for decades, even if we stop adding greenhouse gases to the atmosphere.
Since the 1950’s, we have also been able to measure the temperature of the atmosphere at different heights using weather balloons.  After 1979, satellites have also been used for this.  Until recently, there seemed to be discrepancies between these measurements and the surface temperature record.  Recently, subtle errors in the satellite and weather balloon measurements were discovered.
  It was possible to correct some of these errors, and now the best atmospheric temperature data is consistent with the surface temperature data.  The atmospheric data also allows some detailed tests of the climate models.  For example, the models predict cooling in the upper atmosphere (stratosphere) and this is supported by the measurements.  This cooling cannot be explained by changes in the brightness of the sun.  According to this study, most of the data support the greenhouse models, but some data for the tropical troposphere does not.  This is the subject of continuing research.
The most significant greenhouse gas is carbon dioxide (CO2).  Fig. 3 shows measurements of CO2 in the atmosphere from the IPCC report.  Recent data (since about 1950) come from direct measurements, while the data back to 10,000 years ago come from measuring CO2 trapped in ice.  The data is in “parts per million”.  The amount of CO2 has increased by about 35% since pre-industrial times.  We are currently increasing the CO2 at a rate of about 1.5‑2 ppm per year.   
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Fig. 3.  Measured amount of CO2 in the atmosphere

The rise in CO2 corresponds to the time of the industrial era, so it is not surprising that humans are responsible.  The carbon cycle is somewhat complex, but it has important consequences for global warming.  Fig. 4 shows the carbon cycle from Wikipedia.  The values are similar to those presented in peer-reviewed publications, although some of the numbers may still be somewhat uncertain.  Humans emit about 5.5 billion tons per year of carbon from fossil fuels and about 1.6 billion tons from clearing rain forests.  (GtC in the figure means Gigatons carbon which is 1 billion tons carbon).  The biosphere on land emits and absorbs about 60 billion tons per year and the oceans emit and absorb about 90 billion tons.  Actually, the land and sea absorb slightly more than they emit, so they absorb about half of what we emit by burning fossil fuels.
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Fig. 4.  Carbon cycle (from Wikipedia).

Since the CO2 in the atmosphere was fairly constant for the last 10,000 years, it appears that the biosphere has been in equilibrium.  As we burn fossil fuel and cut down forests, we increase the amount of CO2 going to the atmosphere.  If we could increase the uptake of carbon by the biosphere, we might be able to bring the CO2 in the atmosphere back into equilibrium.  Few people think this will be possible.  Instead, it is more likely that climate change will harm the forests, and their ability to absorb CO2 may go down.

To summarize this section, there is clear evidence that the earth’s surface, oceans, and atmosphere are getting warmer.  There is also strong evidence that man-made greenhouse gases are absorbing more energy than in the past.  Man-made dust and aerosols somewhat reduce the absorbed energy by scattering and reflecting sunlight.  While the effects of the greenhouse gases are well understood, the amount and effects of the aerosols are less well understood.  Several global climate models have been developed by scientists in different countries.  These models take into account the greenhouse gases, the aerosols, possible variations in the brightness of the sun, increases in water evaporation as the earth warms, clouds, and transfer of heat into the oceans.  These models match the observed temperature increase of the last 50 years.  They also show that greenhouse gases are the main cause of the recent warming.  Changes in the sun’s brightness or natural variations of the climate are not capable of explaining the warming observed in the last 50 years.  The main uncertainties in the models are the effects of man-made aerosols and future changes in cloud cover.
The transfer of heat into the oceans depends on circulation patterns such as the Gulf Stream.  While the models are useful for explaining recent trends and ruling out some possible sources of climate variation, they are not good enough to predict the future.  This will be discussed more in Section 5 on Consequences.
4. Controversies

There are many aspects of global climate change that are controversial now or were in the past.  Unfortunately, many websites and media reports provide convincing but incorrect discussion of these controversies.  Probably the best way to learn what is known about these controversies is to read the IPCC reports.  Here is a brief discussion of some issues.  These are my interpretation of information presented in the IPCC report, published scientific papers, and some websites.
Is the temperature data unreliable?  In the past skeptics have argued that the temperatures are biased by the “heat island” effect in cities.  There has also been recent controversy about disagreement between surface temperature measurements and satellite measurements of the temperature in the lower atmosphere.  These issues have been resolved, and the IPCC temperature plots are believed to be reliable.  (See ref. 3 above for information about fixing errors in the satellite measurements.  Now the satellite measurements agree with the surface temperature measurements).

Are we sure humans produce the greenhouse gases?  Some have argued that the excess greenhouse gases have a non-human origin such as volcanoes.  The carbon cycle is discussed above.  While we don’t completely understand this cycle, it is clear that humans are creating enough CO2 to account for twice the buildup of CO2 in the atmosphere.  We are fortunate that nature is able to absorb 50% of the amount we produce.  We cannot be sure that will continue if global climate change harms the forests.  Also, as China and India prosper, humans will put even more CO2 into the atmosphere.  The other greenhouse gases are also produced by humans.  Ice core data clearly show the increase in these gases parallels the increasing industrial activity of humans.
Do models include water vapor?  Water vapor is known to be an important greenhouse gas, yet it is not listed by the IPCC as a driver of global warming.  Skeptics often argue that the global climate models cannot be right, because they do not include water vapor.  Or they argue that water vapor is a much stronger greenhouse gas than CO2, so CO2 cannot matter.  Actually, water vapor is included in models of global warming.  There is broad agreement that when we increase the CO2, it makes the world a little hotter.  This causes more water to evaporate, and the water vapor absorbs more energy, making the world even hotter.  There is good evidence that water vapor in the atmosphere has increased as the world has warmed recently.  This is a positive feedback (it increases the warming).  
The behavior of water vapor is somewhat complicated.
  In the tropics, there is enough water vapor that CO2 is not very important for absorbing infrared in the lower atmosphere.  At higher altitudes or latitudes, there is less water in the air and therefore the infrared absorption of CO2 is important.  Also, water that evaporates in the tropics may be carried to the temperate regions.  This means the global models have to take into account overall circulation in the atmosphere.  Measurements of water vapor in different parts of the atmosphere show that the global climate models generally are correctly accounting for the increase in water vapor due to the increase in surface temperature.  An interesting paper in Science shows that the global climate models correctly predicted cooling caused by the dust from the eruption of Mt. Pinatubo.
  The models also correctly predicted change in water vapor caused by the cooling.
Do global climate models treat clouds correctly?  One of the biggest weaknesses of the models is the treatment of clouds.  As the earth warms and more water evaporates, more clouds may form.  There are measurements that show that sometimes clouds increase the warming (positive feedback) and sometimes they decrease the warming (negative feedback).  Also, humans produce aerosols (like soot from combustion and acid rain).  These help water vapor form small drops, so they may increase the clouds that cause cooling.  There is a lot of scientific research on clouds now.  This includes satellite measurements, ground based measurements, and improved modeling.  Perhaps in 5 to 10 years we will have better answers for this.  We should acknowledge that some of the things we don’t understand could make global warming worse than predicted.  (It seems most skeptics believe that warming will be less than predicted, but there is no good reason to believe that).
Does CO2 already absorb almost as much infrared as it can?   CO2 is a very strong infrared absorber, as is water vapor.  There are some parts of the infrared spectrum where essentially all the light has been absorbed.  In other parts of the spectrum, there is little absorption.  Some skeptics argue that adding more CO2 to the atmosphere is OK, because it will not absorb much more energy.  The infrared absorption of CO2, water vapor, and other greenhouse gases is somewhat complex, but it is well understood.  The logarithmic nature of the absorption is included in the models.  There is still some government financed research on improving these models, but I have not found any concern about this part of the models among credible scientists.  Various laboratory and satellite measurements can be used to check the models.  The IPCC report lists this as a small error.  The models show that adding more CO2 to the atmosphere will increase global warming.
Can global climate models explain the ice ages?  This is a complex and interesting question.  A good discussion is given by James Hansen in an article in Scientific American in 2004.  (Hansen is a NASA scientist, a member of the U.S. National Academy of Sciences, and a strong proponent of global warming).  There are also interesting discussions in the paleoclimate section of the IPCC report.  There is now data from Antarctic ice cores that go back 800,000 years.  These have been used to measure the CO2 and methane concentrations in bubbles.  Also isotopes of hydrogen and oxygen were used to estimate changes in temperature.  This evidence shows there is significantly more CO2 and methane in the atmosphere now than at any time in the last 800,000 years.  It also shows that the CO2 and methane concentrations moved up and down with the temperature for the last 800,000 years.  

The ice cores show that warming after an ice age typically occurs several centuries before the CO2 rises.  Some people believe this means the greenhouse effect cannot have caused the warming. Hansen and the IPCC paint a different picture.  It is well known that the ice ages are correlated with various predictable changes in the earth’s orbit (Milankovitch cycles).  For example, some of the time the earth is relatively close to the sun during summer and the northern hemisphere gets a lot of sunlight.  This tends to melt ice and end an ice age.  Tens of thousands of years later, the orbit may have changed so that the northern hemisphere gets relatively less sunlight during summer.  This tends to start an ice age.  The ice spreads over larger regions.  Since the ice is fairly reflective, it decreases the energy absorbed by earth.  This causes the icy area to grow, and the whole globe to cool off.  (This is a positive feedback in the climate system).  There are geologic records that give clues to the extent of the ice and the temperature in different regions of the world.  The ice cores show the amount of greenhouse gases that were present.  

The IPCC discussion of paleoclimate
 describes the “Last Glacial Minimum” which occurred 20,000 years ago.  Many separate research projects provide information about the temperature in different regions, the extent of ice cover, etc.  It is believed that orbital variations reduced the summer sunlight in the region around 65o N latitude.  This allowed glaciers to grow.  Over many years, the average global temperature decreased, the ice fields spread, and the amount of CO2 and other greenhouse gases in the atmosphere also went down.  (It is not known exactly why the atmospheric CO2 decreased.  Part of the explanation may involve more CO2 dissolving in the ocean as the water cools).  The changes in ice cover and greenhouse gases decreased the average energy absorbed by the earth.  Fig. 5 shows estimates of the effects of these various “radiative forcings” compared to the average values just before the start of the industrial revolution.  All these values are averaged over the whole surface of the earth.  We see that the orbital variations hardly changed the average absorbed energy at all.  Therefore, they did not directly change the earth’s temperature.  However, the orbital variations did change the local temperature near 65o N latitude, and this allowed the ice sheets to grow.  The ice sheets significantly reduced the average energy absorbed, because they reflected light effectively.  As the temperature dropped, the atmospheric concentrations of CO2, N2O, and methane went down as well.  This reduced the amount of energy absorbed by about the same amount as the changes in ice sheets did.  The figure also shows speculations on changes due to increased dust in the air and changes in vegetation that caused less light to be absorbed.  These last 2 factors have not yet been included in models of the ice ages.  Note that the IPCC believes the scientific understanding of the radiative perturbation is high for the orbital and greenhouse factors, but low for the ice, dust, and vegetation.
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Fig. 5.  Estimates for various “radiative forcings” 20,000 years ago.

The IPCC report states “Model simulations of ice age climate (see discussion in Section 6.4.1) yield realistic results only if the role of CO2 is accounted for.”  They show Fig. 6 to support this statement.  This figure shows the simulations of 6 different global climate models (the circles).  The gray bands show the range of temperature estimates based on different proxies.  The bottom band is the average annual temperature in the middle of the Antarctic, the middle band is the annual temperature for the Indian Ocean, and the top band is the summer temperature for the northern Atlantic Ocean.  Probably some people will view this as support for the models, while skeptics may argue that it proves nothing.
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Fig. 6.  Comparison between models and measurements for ice age 20,000 years ago.
5. Possible Consequences of Global Warming

There are many factors that make it difficult to predict the future effects of global warming.  First, we do not know how much more greenhouse gases we will dump into the atmosphere.  Second, we do not know if the earth will continue to absorb some of the excess CO2 we are emitting.  Third, we do not know how the temperature will respond to even bigger increases in greenhouse gases.  Fourth, we do not know how the temperature increase will affect the ocean and atmospheric circulation patterns.  Fifth, we do not know how fast ice sheets in Greenland and the Antarctic may melt.  Finally, we do not know what other outcomes are possible.  Each will be discussed briefly.

We already have more greenhouse gases in the atmosphere than were there for the last 800,000 years.  Some people guess that we should set a goal to limit the CO2 to twice the pre-industrial level of 280 ppm.  At the present rate that limit of 560 ppm will be reached in 90-120 years.  However, China and India and other developing nations are increasing their output, so the rate of increase is likely to keep going up unless we make significant changes in the way we use energy.  
Wallace Broecker
 has suggested that every human on earth should get to emit an equal amount of CO2 up to some limit.  After someone reaches his personal limit, he could buy credits from others who have not reached their limit.  The hope is that by the time the world has used up all the credits (reached the limit), there would be low carbon energy sources.  The U.S. has the highest per capita CO2 emission of any large country.  On a per capita basis we emit twice as much as Europe, 5 times as much as China and more than 10 times as much as India (from Wikipedia).  If we adopt Broecker’s suggestion and choose a limit of 560 ppm, then we Americans would use up our share after 20-25 years.  After that, we would have to start buying credits from poor people who do not emit nearly as much as we.  Of course, we do not know that 560 ppm is a necessary limit.  But this shows that we Americans may have to make big changes to do our fair share to save the environment.

CO2 is not the only greenhouse gas.  Methane is the 2nd most important one. (Water vapor is important, but we can’t control the amount of water vapor in the air).  Methane comes from leaks at natural gas wells and pipelines, from landfills, and from various biological processes (cow digestion, rice, etc).  The atmospheric concentration of methane is more than twice the pre-industrial level and still rising, but the rate has recently slowed.

N2O has gone up by 20% since pre-industrial times.  This is a relatively minor contributor.  It is believed that much of the increase is due to the use of nitrogen containing fertilizer.  One concern is that more cultivation of biofuels might require more fertilizer and hence produce more N2O.

Freons for air conditioning and other “halocarbons” used in some industrial processes are the final class of greenhouse gases.  According to the IPCC, these currently produce about one fifth as much radiative forcing as CO2.  It should be possible to greatly reduce the emission rate for these chemicals by making reasonable substitutions.  For example, car air conditioners use a freon that is particularly bad for global warming.  Various substitutes are under consideration.

One of the big unknowns is whether climate change might cause large amounts of CO2 or methane to be released into the atmosphere.  For example, there is methane frozen in the permafrost and in the Arctic Ocean that could be released as the world warms.  Also, as mentioned previously, as the world warms, some forests may become less productive.  This could decrease the absorption of CO2, potentially doubling the current rate of growth of atmospheric CO2.  Perhaps we can plant new forests near the poles that will compensate for forests that die in hotter regions.  
The third unknown is how the temperature will respond to increases in greenhouse gases.  Although the global climate models seem to be able to explain recent warming, these models produce a fairly wide range of predicted warming in the future.  That is because factors like ocean circulation or cloud coverage that have not changed much yet might change a lot as the world warms.  Suppose we assume that we meet the goal of limiting the CO2 rise to twice the pre-industrial level (which will be very difficult).  The global climate models predict that the likely temperature will be in a range from 2‑4.5 C (3.5‑8 oF).  These models also predict that there is a small probability that the temperature will be even higher.
  

The fourth unknown is that as the temperature warms, some feature of ocean or atmospheric circulation might change abruptly.  For example, the recent melting in the Arctic is believed to be a combination of global warming and natural variation.  A substantial amount of fresh water is being released near the North Pole.  This could slow down or stop the major circulation in the Atlantic that brings warm water north along the surface and cold water south below the surface.  Turning off this circulation could make Europe colder and have other unknown effects on regional climate.  As ref. 8 notes, the paleoclimate record shows some cases where the climate changed suddenly.  This is why some suggest that we should minimize the risk by aiming to keep the CO2 level below twice the pre-industrial value. 

One of the significant concerns is that global warming could melt large quantities of land ice in Greenland and Antarctica, raising ocean levels by many feet.  For example, if all of Greenland melts, sea level around the world would go up by 23 feet, according to Wikipedia and the IPCC report.  Until recently, it was believed that it would take many centuries for the Greenland ice sheet to melt.  However, many recent papers in Science have discussed increased rates for Greenland ice flowing into the sea.  Apparently the flow of the ice is lubricated by melt water which seeps from the surface down to the base of the ice sheet.  While it is still believed that Greenland will take a long time to melt, it is sobering that we are already seeing changes apparently caused by the recent small warming.  If the warming increases significantly (as seems likely), more rapid melting is a possibility.
Melting in Antarctica is still a controversial subject.  There have been a number of publications over the last five years that appear to give contradictory measurement results.  An interesting summary of the Antarctic climate is given by David Bromwich of Ohio State University.
  "It's hard to see a global warming signal from the mainland of Antarctica right now," he said. "Part of the reason is that there is a lot of variability there. It's very hard in these polar latitudes to demonstrate a global warming signal. This is in marked contrast to the northern tip of the Antarctic Peninsula that is one of the most rapidly warming parts of the Earth."  
Many of the problems with global climate change will come from regional changes.  For example, the global climate models predict increasing droughts in the southwest part of the U.S.  While these predictions have not been validated, they are consistent with recent weather.  California is considering building massive reservoirs, because water which currently comes from slowly melting snow may, in the future, come from brief heavy rains.  If regional patterns of drought and increased flooding change, it may be hard to maintain agriculture at a level to feed the world.

Many species may become extinct because of global climate change.  Recent melting of the Arctic ice may endanger polar bears.  Forests that grow well in some regions may not be able to adapt to rapid warming.  All the species that live in those forests may be endangered.  There is concern that many species of coral could become extinct because of warming of the ocean.  Heat damage to coral is already being observed.  Changes of climate in the past were less likely to cause extinctions because it occurred over a much longer time.  This made it more likely that plants and animals could move to areas where the climate was not harmful to them.
Another danger from the buildup of CO2 is that it increases the acidity of the ocean.  There is concern that by the year 2100, the oceans could be more acidic than they have been for hundreds of millennia.
 
6. Limiting the Risks

Pacala and Socolow wrote an interesting article on ways we can solve the problem of excess CO2 emission over the next 50 years.  See http://www.consiglio.regione.veneto.it/commissioni/settimacommissione/allegati/Hydr_science08.pdf   (Science vol 305 August 13, 2004, p968).
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� “Ocean acidification due to increasing atmospheric carbon dioxide”, J. Raven et al., The Royal Society, June 2005  � HYPERLINK "http://www.royalsoc.ac.uk" ��www.royalsoc.ac.uk�   (� HYPERLINK "http://royalsociety.org/document.asp?id=3249" ��http://royalsociety.org/document.asp?id=3249� )
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