Excerpts from: Storms of my Grand Children by James Hansen
Preface

I am sorry to say that most of what politicians are doing on the climate front is greenwashing – their proposals sound good, but they are deceiving you and themselves at the same time. Politicians think that if matters look difficult, compromise is a good approach. Unfortunately, nature and the laws of physics cannot compromise – they are what they are.

During the last few years, however, it has become clear that 387 ppm is already in the dangerous range. It’s crucial that we immediately recognize the need to reduce atmospheric carbon dioxide to at most 350 ppm in order to avoid disasters for coming generations. Such a reduction is still practical but just barely. It requires a prompt phase out of coal emissions plus improved forestry and agricultural practices. 

Because a warmer atmosphere holds more water vapor, global warming must also increase the intensity of the other extreme of the hydrologic cycle – meaning heavier rains, more extreme floods and more intense storms driven by the latent heat including thunderstorms, tornadoes and tropical storms. 
Chapter 1 – The Vice President’s Task Force
Coal burning at power plants is the greatest source of increasing atmospheric carbon dioxide. It is also the source most susceptible to control.

My presentation was titled “The Forcing Agents Underlying Climate Change”.

One big slow sloshing on Earth is the “Southern Oscillation” in which surface waters of the Pacific Ocean at the equator oscillate between warm El Nino and cool La Nina phases.

One large climate forcing that we know about is caused by volcanic eruptions that inject sulphur dioxide gas into Earth’s lower stratosphere. Sulphur dioxide combines with oxygen and water to form tiny sulfuric acid droplets (aerosols) that scatter sunlight back into space, reducing solar heating on Earth’s surface.   This effect only lasts about 2 years because the aerosols eventually settle out of the atmosphere. 
The largest human-made climate forcing is due to green house gases. This graph shows all known climate forcings in 2000 relative to the beginning of the Industrial Revolution.  The first 7 forcings are all human induced
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Figure 1: Change of climate forcings in watts per square meter, between 1750 and 2000. 

During the Little Ice Age from 1250 to 1850 the global temperature was about one half degree C cooler than today. In contrast, in the last Major Ice Age, 20 thousand years ago, the temperature was 5 degrees C colder when an ice sheet up to 2 miles mile thick covered Canada and the northern parts of the US. 

And it’s clear that the human made forcings added in just the past several decades already dwarf the natural forcings associated with the Little Ice Age. Carbon dioxide increased from 280 ppm in 1750 to 387 ppm in 2009.

Figure 1 also illustrates a major uncertainty about the net human-made climate forcing. The uncertainty is due to aerosols, fine particles into air that are produced mainly in the burning of fossil fuels. Aerosols scatter and absorb sunlight, reducing the amount that gets to the ground. Sometimes this is called “global dimming”.
Global warming of 2 degrees C would make the Earth as warm as it had been in the Pliocene, 3 million years ago. Pliocene warmth caused sea levels to be about 25 metres higher than they are today.

The history for the last 425,000 years is shown below. The relation between carbon concentration and temperature is very consistent.
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FIGURE 3. Temperature change, atmospheric carbon dioxide amount,
and sea level as a function of time for the past 425,000 years.
The horizontal axis shows time in thousands of years before present
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Homo sapiens probably originated about 200,000 years ago. Thus early humans existed lived during the Eemian period and survived during the ice age 100,000 years later. As few as 1,000 breeding pairs are estimated to have survived.  A popular theory for the cause of this rapid cooling and population decline is the colossal eruption of the Toba supervolcano at about that time. Geologic records indicate that Toba ejected at least 800 cubic kilometers of material compared with 4 cubic kilometers for the 1991 Pinatubo eruption.    
The most important climate feedback factor is water. When Earth becomes warmer, ice and snow tend to melt. Ice and snow have a high reflectivity or “albedo” (whiteness) effect reflecting back to space most of the sunlight that hits them.  Land and ocean on the other hand are dark, absorbing most of the sunlight that strikes them. So if ice and snow melt, Earth absorbs more sunlight, which is a “positive” (amplifying) feedback.
Water vapour causes the largest climate feedback. When air becomes warmer, it can hold more water vapor. It therefore causes a positive feedback, because it makes the atmosphere retain heat.

Milankovitch cycles recognize small changes to Earth’s tilt and orbit around the sun. These changes happen because other planets especially the heavy ones, Jupiter and Saturn tug on Earth as they move closer or further away. The changes have almost no effect on the total amount of sunlight received by Earth averaged over one year. But they do effect the geographical and seasonable distribution of the insolation (incident solar radiation).  And they do affect climate in 3 essential ways.    

The simplest effect is due to the change of Earth’s tilt, the inclination of the spin axis relative to the plane of the orbit.  Today the tilt is about 23.5 degrees and slowly straightening up. It will reach its minimum tilt of 22.1 degrees in about 8,000 years. It takes about 41,000 years to go through the full cycle from minimum tilt (22.1 degrees) to maximum tilt (24.5 degrees) then back to minimum tilt.  

The second insolation has to due with Earth’s orbit. Earth’s orbit is slightly elliptical. Earth is now closest to the sun in January and furthest from the sun in July. But the day in the year at which Earth is closest to the sun moves through the entire calendar over the course of 20,000 years. This is caused by Earth’s spin axis precessing like a wobbling top. The change in position does influence the forming of ice sheets.

The third insolation effect depends on the eccentricity of Earth’s orbit which varies from nearly zero (circular orbit) to almost 6 %.  It is often said that the eccentricity varies with 100,000 year period but actually it does not have a constant period. At present the eccentricity is quite small, about 1.7%      

All three insolation effects presently are pushing Earth toward building ice sheets in the northern hemisphere and thus toward the next natural ice age.  Without humans it is not certain whether the present interglacial period, the Holocene, would have ended in the next few thousand years or whether it would have survived through another precession cycle similar to the interglacial period 400,000 years ago, which lasted 40,000 years.

Although all insolation effects now favour ice growth in the northern hemisphere, ice is actually melting rapidly. Human made climate forcings are now in total dominance over the initial natural forcings.

The natural forcing due to insolation variations averaged over the planet is a small fraction of 1 watt. This very weak forcing is effective only because operating over long periods; it succeeds in bringing into play two powerful slow feedbacks: global surface reflectivity changes and greenhouse gas changes.   

Humans by rapidly burning fossil fuels have caused global warming that overwhelms the natural tendency toward the next ice age. 
The natural climate variations shown in figure 3 have a great deal more to tell us about the future.  Note that warmings can proceed quite rapidly because the disintegration of the ice sheet is a wet process spurred by positive feedbacks. As the ice sheet begins to melt, it becomes darker absorbing more sunlight.  As the ice sheet’s thickness decreases, the surface is at a lower altitude, where it is warmer. 

Today, however, global warming of 0.8 degree C in the past century and of 0.6 degree C in just the past 30 years has brought global temperature back to at least peak Holocene level and sea level rise is beginning to accelerate. Sea level is now rising more than 3 cm per decade – double the rate that occurred in the 20th century.

The methane increase since preindustrial time causes about half as much warming as carbon dioxide.  Methane emissions can be reduced by capture at coal mines, landfills and agricultural management facilities.  The captured methane also has economic value but a methane molecule is 33 times more potent as a carbon dioxide molecule over a hundred years.  Thus the warming effect of methane is reduced by 97% if the methane is burned instead of released into the air.

Chapter 4 – Time Warp
Ice sheet response to Global Warming is not always gradual.  Ice sheet size changes little at first, thus sea level changes only slowly. As the planet gets warmer, ice “shelves” – tongues of the ice sheet that reach out into the ocean and are grounded on the ocean floor – also begin to melt. As ice shelves disappear and the ice sheet is “softened up” by surface warming and meltwater, movement of ice and discharge of icebergs via ice “streams” become more rapid, leading to the possibility that large portions of the ice sheet will collapse. 

The West Antarctic ice sheet is especially vulnerable to removal of its ice shelves, because much of that ice sheet rests on bedrock several hundred meters below sea level.  Loss of the entire West Antarctic ice sheet would raise sea level 6 to 7 meters and eventually open a path to the ocean for part of the much larger East Antarctic ice sheet. Once the ice sheets collapse begins, global coastal devastations and their economic reverberations may make it impractical for humanity to take actions to rapidly reverse climate forcings.  Thus if we trigger the collapse of the West Antarctic ice sheet, sea level may continue to rise to even much higher levels via contributions from the Greenland and East Antarctica ice sheets.
Melting ice shelves is the critical mechanism in initiating ice sheet collapse.  However, other contributing factors and feedbacks speed ice sheet disintegration. As the atmosphere becomes warmer “aging” of snow accelerates – that is the process in which snow crystals vaporize on a microscopic scale and re-form into larger, darker crystals, which absorb more sunlight. Also, snowmelt begins earlier in the spring, causing the ice sheet to also become darker and absorb more sunlight.  Human-made black soot aerosols, which are now deposited in measurable quantities on the Greenland ice sheet, contribute to this process as well. And as ice sheet mass loss becomes substantial, the ice sheet surface sinks to a lower level, where the temperature is warmer, which is another amplifying feedback.

Chapter 6 – The Faustian Bargain: Humanity’s Own Trap

Chapter 7 – Is there still time? A tribute to Charles David Keeling

1 ppm of carbon dioxide in the atmosphere is about 2.12 Gigatons of Carbon.  

The atmosphere today contains about 800 GtC as carbon dioxide. Plants contain about 600 GtC, primarily the wood in trees. Soils contain about 1,500 GtC, which is mainly humus, decomposed organic matter. There is almost 40,000 GtC dissolved in the ocean.  

As the soil and ocean becomes warmer they hold less carbon dioxide and emit it into the atmosphere.
When Earth’s orbit or tilt causes melting of snow and ice, this increases absorption of sunlight and warming of the oceans and soil. This causes the oceans and soil to release carbon driving further warming.  Similarly, when Earth’s tilt causes freezing, this increases absorption of carbon into the oceans and soil, driving further cooling.
Humans alter this natural carbon cycle in 2 major ways: by burning fossil fuels and deforestation.  Emissions increased from less than 2 GtC in 1950 to more than 8 GtC in the last few years. 

China’s annual emissions now exceed those of the United States. However, because of the long lifetime of atmospheric carbon dioxide, the United States is responsible for about 3 times more human made carbon dioxide in the air today than is China.

There are other factors affecting the ability of our oceans and soil to absorb carbon. 

1. The El Niño/La Niña Southern Oscillation

La Niña is associated with cooling of the tropical eastern Pacific Ocean.  El Niño is associated with warming.
2. Droughts


Droughts reduce the ability of soil and vegetation to take up carbon dioxide.

3. Forest Fires release carbon dioxide.

4. Volcanoes release aerosols which reflect the sun and therefore cool the oceans and cause them to absorb more carbon dioxide. Volcanoes also diffuse the sunlight which helps plants grow so they absorb more carbon dioxide.

The Kyoto Protocol which was adopted in 1997 and went into force in 2005 did not lead to a decrease in global emissions, indeed emissions continued to increase.
Chapter 8 – Target Carbon Dioxide: Where should humanity aim?

If we go back to the last time that Earth was 3 degrees warmer than today, which means the Middle Pliocene (3 million years ago) it was a rather different planet. Sea level was about 25 meters higher than today. Florida was underwater.  About 1 billion people now live at elevations less than 25 metres above sea level.

About 120,000 years ago, Earth was about 2 degrees warmer than today and sea level was 6 metres higher.  

Sea Level rise is one of the top 2 climate impacts that I believe should be at the top of the list that defines what is “dangerous”, because the effects are so large and because it would be irreversible on any timescale that humanity can imagine.  Ice sheets take thousands of years to build up from snowfall. Reasonable “adaptation” to a large sea level rise is nearly impossible, because once ice sheets begin to rapidly disintegrate, sea level would be continually rising for centuries.  Coastal cities would become impractical to maintain.

Earth’s history provides an invaluable perspective about what is possible. Fossils in the geologic record reveal that there have been 5 mass extinctions (in which more then half of the species disappeared) during the past 5 hundred million years.  We are now in the 6th mass extinction, the human caused destruction of the species. The current extinction rate is at least one hundred times greater than the average natural rate.  So the concern that humans may have initiated the 6th mass extinction is easy to understand.

And if we continue on a business-as-usual path, we will drive a large fraction of our species, conceivably all species to extinction.
Humans, by burning fossil fuels, are now increasing atmospheric carbon dioxide by 2 ppm per year.
Today, following global cooling over tens of millions of years, the methane hydrate reservoir is fully charged. The size of the hydrate reservoir is difficult to determine from spotty field data.  However methane hydrate models that are consistent with the limited data suggest a total inventory of about 5,000 gigatons of carbon in the form of methane ice and methane bubbles.
Here are 5 observations that suggest that 350 ppm should be the maximum level to prevent tipping.

1. The area of Arctic sea ice has been declining faster than models predicted. The end-of summer sea ice area was 40 percent less in 2007 than in the late 70’s.  It is difficult to imagine how the Greenland ice sheet could survive if Arctic sea ice is lost entirely in the warm season. At present our best estimate is that there is about 0.5 watt per square metre more energy coming into the planet than is being emitted to space. A reduction of carbon dioxide from the current 387 ppm to 350 ppm would increase outgoing radiation by 0.5 watt, restoring planetary energy balance.

2. Mountain glaciers are disappearing all over the world.  If the glaciers disappear, there will be heavy snowmelt and floods in the spring, but many dry rivers in the late summer and fall.
3. The Greenland and West Antarctic ice sheets are each losing about 100 cubic kilometres per year, and sea level is rising at more than 3 centimeters per decade.  

4. Data shows that subtropical regions have expanded poleward.  Dry regions have expanded in the southern United States, the Mediterranean and Australia. Fire frequency and area in the western United States have increased by 300 percent over the past several decades. Lake Powell and Lake Mead are now only half full.

5. Coral reefs, where a quarter of all marine biological species are located are suffering from multiple stresses, with two of the most important stresses, ocean acidification and warming surface water, caused by increasing carbon dioxide.

Let’s look at Arctic sea ice. Figure 20 shows the area of sea ice remaining at the end of the warm season (September).
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FIGURE 20. Warm season sea ice area in the Arctic and
Antarctic. (Data from National Snow and Ice Data Center
Web site, http://nsdc. org/data/source._index/daily. htm. )
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The fate of summer ice is important. Loss of the ice would affect the stability of the Greenland ice sheet, the stability of methane hydrates in the ocean sediments and tundra, and species viability.

Even with the increase in Arctic Sea Ice in 2008 and 2009, there is a strong consensus among Arctic researchers that we are faced with a clear and imminent threat to the continued existence of summer ice in the Arctic. The only question seems to be exactly how fast the ice would be lost and how dramatic the feedbacks on tundra, methane hydrates and Greenland would be. 

While some of the public is just becoming aware of the existence of global warming, the relevant scientists – those who know what they are talking about – realize that the climate system is in the verge of tipping points. If the world does not make a dramatic shift in energy policies over the next few years, we may well pass the point of no return.

Chapter 9 – An Honest, Effective Path
If coal emissions are phased out rapidly, the climate problem is solvable. It is coal emissions that must be eliminated not necessarily coal use. There are still huge reserves of coal and it will be burned if government pressure is not brought to bear. Source: Updates
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Figure 22. Fossil fuel and net land use emissions (1751-2008). 

Science demands a simple rule: Coal use must be prohibited unless and until the emissions can be captured and safely disposed of.

So if we want to solve the climate problem, we must phase out coal emissions. Period.

But is it feasible to phase out coal? Coal is exceedingly dirty stuff. Its mercury, arsenic, sulfates and other constituents are a major source of global air and water pollution, leading to increased birth defects, impaired intelligence, asthma and other respiratory and cardiovascular diseases. Coal’s effect on air and water pollution is global – nobody escapes its reach. Mercury and other pollutants are deposited on land and in the ocean, infiltrating the food chain and building up in the bodies of long-lived animals and fish.

Coal’s global pollution effects are compounded by the devastating regional effects of the various techniques for dredging the dirty stuff to the surface. The most barbaric approach, mountaintop removal, can only be described as blasphemous, whether or not nature is one’s only religion. Mountaintop removal mining does more than irreparably scar our mountain ranges. Toxic sludge ponds and mining waste dumped into valleys poison the water supply, causing multiple documented health problems for nearby populations.     

On a per capita basis, the UK is more responsible for the climate problem than any other nation. Source: Updates
There seems to be a chance that the U.K. will phase out coal emissions by 2025.  This progress is based on pressure from the mainstream public, scientists, the financial sector and even some politicians.
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The above is showing cumulative per capita carbon. If we look at 2008 figures, Canada and the US are almost twice as high as the UK. 

These charts show total carbon emissions as a % by country for 2008 and cumulative.
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The countries have tried wind and solar as alternatives to fossil fuel, but the bottom line seems to be that to phase out coal, nuclear power must be included in the mix.
Coal accounts for three quarters of the carbon dioxide emissions of both China and India and their coal use is mainly for electricity generation. Coal accounts for only 20 – 40% of carbon dioxide emissions among all other major emitting nations.

China and India are not only the first and third greatest emitters of carbon dioxide, their emissions are also growing fastest among the major emitting countries.

Now what are the means by which fossil fuel use can be reduced and eventually phased out? There is a great potential for energy savings at little cost. People in the United States, Canada and Australia use about twice as much energy per capita as those in Europe or Japan.  Contrary to widespread belief, only a small part of the difference in energy use is accounted by greater travel distances in the United States, Canada and Australia.  The primary difference is because Europe and Japan have taken steps to minimize fuel needs. Higher taxes on fossil fuels, equivalent to several dollars per gallon of gasoline, provide a strong disincentive against inefficient vehicles in Europe and Japan. 
Are similar efficiencies possible in the United States?  California achieves energy efficiency close to that of Europe and Japan. Since 1975, per capita use of electricity in California has remained constant, while growing 50% in the rest of the US. Utility regulations in California are also structured such that utilities make more money by encouraging efficiency than by selling more energy.
Most energy experts agree that for the foreseeable future, renewable energies will not be a sufficient source of electric power. There is also widespread agreement that there are now just two options for nearly carbon free large-scale base load electric power: coal with carbon capture and storage and nuclear power.

One of the problems with both light and heavy water rectors today is that less than 1 per cent of the energy is extracted from the original uranium. Most of the energy is left in the nuclear waste. These nuclear waste problems are the biggest drawback of nuclear power. 

The solution appears to be “fast” nuclear reactors. Fast reactors allow the neutrons to move at higher speed. The result in a fast nuclear reactor is that the reactions “burn” not only the uranium fuel but also all of the transuranic actinides – which form the long lived waste that causes so much heart burn. Fast reactors can burn about 99 per cent of the uranium.
Fast reactors also produce nuclear waste, but in volumes much less than slow (thermal) reactors. Most important, the radioactivity becomes inconsequential in a few hundred years, rather than 10,000 years.
We already have enough fuel stockpiled, in nuclear waste and by-products of nuclear weapons, to supply all of our fuel needs for about a thousand years.  In fact, given that fast reactors make it economical to extract uranium from sea water, we now have enough fuel, in theory, to run nuclear power plants for several billion years.
The US has stopped development on the “fast” reactor but India and China are continuing with this development.  

We have shown, quantitatively, that the only practical way to achieve an acceptable level of carbon dioxide level is to disallow the use of coal and unconventional fossil fuels (such as tar sands and oil shale) unless the resulting carbon is captured and stored.
Under “fee and dividend”, 100 per cent of the money collected from the fossil fuel companies at the mine or well is distributed uniformly to the public.  Those who do better than average in reducing their carbon footprint will receive more in the dividend than they had paid in the added cost of the fuel products they buy.  The fee and dividend approach is straightforward. It does not require a large bureaucracy. The total amount collected each month is divided equally among all legal adult residents of the country. 
As an example, consider the point in time at which the fee will reach a level of $115 per ton of carbon dioxide. A fee of that level will increase the cost of gasoline by $1 per gallon and the average cost of electricity by around 8 cents per Kwh.  The resulting dividend will be close to $3,000 per year or $250 per month.  The increased fuel costs will encourage people to drive more efficient cars, improve the insulation in their homes, buy more efficient appliances, use alternative fuels etc. The dividend will be the reward for people who conserve energy because they will collect more than what they are paying.  Similarly the power companies will be encouraged to convert from coal to natural gas, nuclear, wind, solar or geothermal.
With “cap and trade” the amount of fossil fuel for sale is supposedly capped. Certificates are sold to the various users (power companies, fuel distributors, industries etc.) which permit them to use or distribute fuel. The certificates will be based on carbon price per ton and over time the price will go up. Now some companies may not need their certificates because they have improved their efficiency or they have converted to green energy. So they could sell their certificates to the highest bidder.

Chapter 10 – The Venus Syndrome

Earth is the only one of the three terrestrial planets that is “just right” for life to exist. Mars is too cold, Venus is too hot. The temperatures of these planets are affected by the distance of each planet from the sun and by the planet’s albedo, the fraction of sunlight it reflects to space. But their surface temperatures are also strongly influenced by the amount of atmospheric greenhouse gases.
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Figure 29. Earth is the “Goldilocks” planet, not too hot, not too cold, just right for life to exist.

Mars has so little gas in its atmosphere that its greenhouse effect is negligible and the surface temperature averages about -50 degrees C. Greenhouse gases warm Earth’s surface by about 33 degrees C, making the average surface temperature about 15 degrees C. Venus has so much carbon dioxide in its atmosphere that it has a greenhouse warming of several hundred degrees, with the surface at 450 degrees C, hot enough to melt lead.

Venus has a diameter of 95 % of Earth.  Venus and Earth condensed from the same interstellar gas and dust during the formation of the solar system and must have begun with similar atmospheric compositions. So the early Venus atmosphere contained lots of water vapor. The sun was 30 per cent dimmer at the time, so Venus was probably cool enough to have oceans.  But they did not last long. As the sun brightened, the surface of Venus became hotter, water evaporated and the strong greenhouse effect of water vapor amplified the warming. Eventually a runaway greenhouse effect occurred with the ocean boiling or evaporating into the atmosphere. There was a lot of carbon in the crust, which was baked to release carbon into the atmosphere. So the atmosphere became predominantly carbon dioxide.  

The atmosphere of Venus is now almost 97% carbon dioxide and the surface pressure on Venus is 90 times that of Earth.

The water vapor on Venus was eventually lost to space. Ultraviolet sunlight “disassociates” atmospheric water vapor molecules into hydrogen and oxygen.  After disassociation some light hydrogen atoms were able to escape the planet’s gravitational field.   The remaining oxygen combined with other material, for example with carbon to make carbon dioxide. In this way water was lost from Venus.  
So Venus had a runaway greenhouse effect. Could Earth? Of course it could. The question is rather how much can carbon dioxide increase before a runaway effect occurs.

It is a trivial task to avoid the negative net climate forcing that would push the planet into an ice age. But it is not an easy task to find a way to stop the growth of atmospheric greenhouse gases, most notably carbon dioxide.

If we burn all the fossil fuels, the ice sheets almost surely will melt entirely, with the final sea rise about 75 metres.  It is difficult to imagine how the methane hydrates could survive once the oceans had time to warm.   
After the ice is gone, would Earth proceed to the Venus syndrome, a runaway greenhouse effect that would destroy all life on the planet, perhaps permanently? While that is difficult to say based on present information, I’ve come to conclude that if we burn all reserves of oil, gas and coal, there is a substantial chance we will initiate the runaway greenhouse. If we also burn the tar sands and tar shale, I believe the Venus syndrome is a dead certainty.

Chapter 11 – Storms of my Grandchildren

If we continue business as usual fossil fuel use, a conservative estimate is that by the end of the century, we will have committed to extinction at least 20 per cent of Earth’s species, that is, about 2 million species.

Business-as-usual greenhouse gas emissions, without any doubt will commit the planet to global warming of a magnitude that will lead eventually to an ice-free planet. An ice-free planet means a sea level rise of about 75 meters.

But we don’t have to wait for disintegration of the ice sheets to see the effect of global warming. Just the increased water from initial melting of the ice sheets will increase water vapour in the atmosphere causing stronger storms this century.  Latent heat is the energy that water vapor acquires when it evaporates.  Evaporation of water at normal atmospheric pressure requires more than 500 calories per gram of water. When the water condenses, that latent energy is released as heat that is able to fuel a storm.    
The strongest storms of the future will have greater wind velocities. That’s important because just a 10% rise in wind speed increases the destructive potential of the wind by about a third.

The greater moisture content of the air also increases the amount of rainfall and the magnitude of the floods.

One of the requirements for hurricanes is a sufficiently warm sea surface. Thus the region in which tropical storms can form almost surely will expand as sea surface temperatures rise.
Remarkably precise measurements of Earth’s gravitational field by the Gravity Recovery and Climate Experiment (GRACE) reveal that the Greenland ice sheet has been losing mass for the past few years at a rate of about 100 cubic kilometres per year.  The GRACE data goes back to 1992. But other data suggests that this ice sheet in the 1990s was close to mass balance i.e. it was neither gaining nor losing ice mass. 
Thus it seems that a disintegration of the ice sheets has begun, but so far the effect on sea level is moderate, about 34 cm per century.  

With the combination of a higher sea level, even of only a meter or so and increased storm strength, the consequences of future storms will be horrendous to contemplate.  Storms will effect populations that are up to one hundred times greater than the number of people displaced by Hurricane Katrina in 2005.

Once large sea level rise begins to devastate coastal cities around the world, creating hundreds of millions of refugees, there may be a breakdown of global governance. But regardless of that, if ocean circulation changes such that warmer Pacific water begins sinking to the ocean floor and melting methane hydrates, there will be no plausible way for humans to reverse that change of ocean circulation. 
While we can’t predict the details of short-term human impacts, changes will be momentous. China despite its growing economic power will have great difficulties as hundreds of millions of Chinese are displaced by rising seas.  With the submersion of Florida and costal cities, the United States may be equally stressed. Other nations will face greater or lesser impacts. Given global interdependencies, there may be a threat of collapse of economic and social systems.

The huge planetary imbalance caused by the high levels of atmospheric carbon dioxide and methane will take care of any remaining ice in a hurry. The planet will quickly get on the Venus express. 

The most essential actions are, first, a significant and continually rising price on carbon emissions with collected revenues returned to the public so they have the resources to change their lifestyles accordingly. 

Second, coal emissions must be phased out rapidly and the horrendously polluting “unconventional” fossil fuels, such as tar sands and oil shale, must be left in the ground. 

We must be jolted into recognizing the remarkable world we inherited from our elders and our obligation to preserve the planet for future generations. Belief in this obligation is almost universal. It is a paradigm of almost all religions and of humans that Earth, creation, is an intergenerational commons, the fruits and benefits of which should be accessible to every member of every generation.

Afterward

The ball today is planet Earth, but for our team, unlike a baseball team, there will be no chance of a comeback, no next season to do better.  This truly is our last chance.

Already the air holds more water vapor than it did a few decades ago.  The strongest of the storms that derive energy from water vapor including thunderstorms, tornadoes, and tropical storms – are becoming stronger and the associated winds and floods are becoming more extreme. Global chaos will ensue when increasingly violent storminess is combined with sea level rise of a meter or more.  Although ice sheet inertia may prevent a large sea level rise before the second half of the century, continued growth of greenhouse gases in the near term will make the result practically inevitable, out of our children’s and grand children’s control.
When the president advocates an ineffectual cap-and-trade approach for controlling carbon emissions, when our government funnels billions of dollars to support “clean coal” while treating next generation nuclear power almost as a pariah, you can recognize right away that our government is not taking a strategic approach to solve the climate problem. 
The picture has become clear. Our planet, with its remarkable array of life, is in imminent danger of crashing. Yet our politicians are not dashing forward.  They hesitate, they hang back.

Therefore it is up to you. You will need to be a protector of your children and grand children on this matter. I am sorry to say that your job will be difficult – special interests have been able to subvert our democratic system. But we should not give up on the democratic system – quite the contrary.  We must fight for the principle of equal justice.

It is crucial for all of us, especially young people, to get involved. This book, I hope, has provided some assistance in understanding what policies we need too be fighting for – and why this will be the most urgent fight of our lives.

It is our last chance.
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