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A Realistic Path to a Bright Future                                                   

                                                                20 December 2021 
James Hansen 

Why is nobody telling young people the truth?  ñWe preserved the chance at COP26 to keep global warming 

below 1.5ÁC.ò  What bullshit!  ñSolar panels are now cheaper than fossil fuels, so all we are missing is political 

will.ò  What horse manure!  ñIf we would just agree to consume less, the climate problem could be solved.ò  

More nonsense! 

 

Young people, I am sorry to say that ï although the path to a bright future exists and is straightforward ï it will 

not happen without your understanding and involvement in the political process.  Ever since 2008 I have been 

amazed by your acumen and your ability to affect national elections and appreciate global issues.  With 

appropriate focus, you can alter the course of our world in a good way.  I hope that you find something in my 

experiences that helps you in your pursuit of a bright future. 

 

Do not feel sorry for yourself or get discouraged.  Yours is not the first generation to be dealt a bad hand.  Some 

were born into great depressions.  Some were sent to fight in world wars or senseless conflagrations in far away 

places such as Viet Nam or Iraq.  Your battle will cover more years.  Nature has a long timescale in its response 

to human-caused forces, and it takes time to alter human-made energy systems.  But your cause is noble ï your 

challenge is nothing short of guiding humanity and other life on our planet to a bright future.   

 

The long timescales should not dishearten you.  The slow response of nature provides the time needed to alter 

the infrastructure of our energy systems and improve land use practices.  However, your task is now urgent.  

The next 10 years ï the fourth decade since the adoption of the Framework Convention on Climate Change in 

1992 ï must be the decade in which young people take charge of their own destiny. 

 

On the scientific front, several colleagues and I assert that IPCC (Intergovernmental Panel on Climate Change) 

has underestimated the sensitivity of climate to growing freshwater injection from melting ice.  One potential 

consequence ï if we continue with business-as-usual emissions ï is shutdown of the overturning North Atlantic 

and Southern Ocean overturning ocean circulations by midcentury, each of which will contribute to acceleration 

of mass loss from the Antarctic ice sheet, with the likelihood of sea level rise of several meters within the 

lifetime of children born today. 

 

Existential climate threat arises from the combination of sea level rise, the increasing difficulty of life in the 

tropics and the subtropics in the summer as temperatures rise, and the increase of climate extremes as higher 

temperatures drive droughts, heat waves and fires, on one hand, but also heavier rains, greater floods and 

stronger storms on the other hand.  These effects will increase emigration pressures from low latitudes and 

coastal cities, thus potentially creating a planet that is practically ungovernable. 
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Climate science reveals that we have overshot sensible targets not only for atmospheric carbon dioxide, but also 

for global temperature.  We will need to return to a global climate no warmer than the middle of the 20th 

century, and likely somewhat cooler, for the sake of maintaining global shorelines.  That task is made more 

difficult by our Faustian bargain with particulate air pollution, which has tended to diminish global warming by 

reflecting sunlight to space.  Our Faustian payment is coming due as health-damaging particulate pollution is 

being reduced, Earthôs energy imbalance is increasing, and the rate of global warming is accelerating. 

 

The good news is that the aerosol and climate research reveal a pathway by which the present extreme human-

made interference with Earthôs energy balance can be diminished as fossil fuel emissions decline and 

greenhouse gas levels diminish.  Donôt worry ï it does not require Frankenstein geoengineering of our home 

planet.  Instead, we should reduce our present human interference with nature as promptly as practicable.  An 

essential early requirement is that global greenhouse gas emissions begin to decline during this 4th decade of 

the Framework Convention.  That does not imply that we must reduce global energy use ï on the contrary, more 

energy will be needed to reduce poverty and raise global living standards ï rather it implies that we need a 

realistic clean-energy plan and that we carry out the R&D to support it. 

 

China and the United States ï as the largest current and historical sources of emissions ï should cooperate to 

achieve the most rapid transition to clean energies.  De facto cooperation of the West and China helped drive 

down the cost of renewable energies, but more extensive cooperation will be needed to apply the brakes to 

accelerating climate change.  As the largest economies in the world, the two nations have the ability to alter the 

global energy pathway via agreement on simple, honest carbon pricing, but adequate pricing becomes 

practicable only in concert with advances in carbon-free energy technologies including modern nuclear power.  

To achieve the cooperation that will speed these advances, scientists in the West and East can help lay the 

groundwork by continuing and expanding their mutual research to promote common understanding. 

 

Young people in the United States have the most urgent and crucial task: to fix the broken two-party political 

system.  You have the power and the means to achieve the political transformation that is required to break the 

grip that special interests have on Washington, our energy systems, and your future, but the transformation 

requires that you understand the underlying problem and organize accordingly.  The urgency has more to do 

with the boiling frustrations of the public as they witness the endemic graft and incompetence of our elitist 

government.  Young people must learn not to follow the siren of old orators from the broken system.  You must 

take charge of your future.  You have the incentives and the abilities to achieve the changes that are needed for 

the sake of both your nation and the world. 

 

As for climate science, we have our own challenges.  The forces that humanity is exerting on the climate system 

are unprecedented.  The great inertias of the massive ocean and ice sheets are the cause of the greatest threat ï 

because future change builds up without the warnings that public response requires ï but these inertias also 

provide us opportunity to achieve a soft landing for humanity and nature, provided that we have adequate 

understanding of the system.  As with your politics, our science must advance this decade so as to be in position 

to provide the guidance required to achieve that soft landing.  Global climate models are a useful tool for that 

purpose, but they must be matched by comparable focus on paleoclimate ï especially the Eemian period, which 

appears to have been as warm as today ï and on ongoing physical processes, especially in the ocean and the 

periphery of Antarctic ice.  

 

I am sorry that we are leaving you ï young people ï with such a burden, but I know that you will accept it as a 

challenge.  You have a magnificent opportunity to change the course of history this decade, to move the world 

onto a realistic path to a bright future for your own sake and for that of your children, grandchildren and future 

generations. 
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Conclusion of COP21 in Paris in 2015
 

I prepared this presentation in the wake of COP26, the Conference of the Parties of the United Nations Framework Convention on 

Climate Change, held at Glasgow, Scotland, in November 2021.  COP meetings are actually Conferences of the Pretenders.  Political 

leaders make statements that they know ï or should know ï are blatant nonsense.  COPs can produce numerous minor 

accomplishments, which is sufficient reason to continue with the meetings. However, they ignore the two elephants in the room that 

will determine the future. 

I will also criticize three other groups.  The fossil fuel industry, for disinformation campaigns and for bribery of ñbig greenò 

organizations that preserves fossil fuel emissions and locks in consequences for young people; the media for often reporting what they 

think the public wants to hear, rather than what the public needs to know; and we scientists for letting the politicians, fossil fuel 

industry, and media get away with doing a poor job of describing reality. 

One more introductory comment: the climate story does not need to be gloom and doom. There is a straightforward path to a bright 

future, but we must be honest about what is needed and follow the science.  

To achieve the bright future, young people must understand what is needed and affect the political process accordingly. 

 

 

The industrial revolution first raised living standards in Western civilization.  

 

The energy source fueling the industrial revolution in the 19th century was coal. 
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In the 20th century oil and gas joined the party. 

 

Their condensed energy was comparable to that of coal, and more convenient. 

 

One gallon of gasoline contains the work equivalent of 400 hours labor by a healthy adult.   

 

Fossil fuels raised living standards in half of the world.   

 

The other half wants to follow that path, and they have the right to raise their living standard. 

 

 

BP energy consumption data are used from 1965; earlier CDIAC data (Gilfillan et al.)are  

adjusted by factors near unity to match BP in 1965. CO2 data are from CDIAC through 

2017, followed by BP data as adjusted to match BP in 2017.

(Gilfillan D; MarlandG; Boden T; Andres R (2021): Global, Regional, and National Fossil-Fuel CO2 Emissions: 1751-2018 

CDIAC-FF, Research Institute for Environment, Energy, and Economics, Appalachian State University.)

 

They are doing that, and thus global energy consumption is rising. 

 

About 80 percent of the energy is from fossil fuels, so the CO2 emissions from fossil fuel burning are rising. 

 

Note that growth of fossil fuel use was not stopped by even the landmark COP meetings ï the Kyoto Protocol in 1997, the Paris 

Agreement in 2015. 

 

Energy use and emissions dropped 5-6 percent in the past 2 years due to covid, but growth seems to be resuming now. 
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So the world is getting warmer because of the greenhouse effect of increasing CO2, with help from a few other gases, especially 

methane and nitrous oxide. 

Earth has warmed by 1.2°C ï thatôs 2.2ÁF ï since the beginning of the 20th century. 

Global leaders, at the conclusion of the COP, asserted that we can still keep global warming below 1.5°C. 

That assertion is pure, unadulterated, bullshit ï I mean blatant nonsense ï because of the 3-decade-long failure of the COPs to address 

the two basic requirements to stabilize climate. 

 

Before discussing those two requirements, letôs explain why it is certain that 1.5ÁC warming will be exceeded. We can prove that in 

two ways.   

The first way is from the physics. Earth is now far out of energy balance, and that imbalance almost doubled in the past decade. 

Earthôs energy imbalance is the proximate cause of global warming ï not the 2-3 ppm annual CO2 increase, which is a small forcing ï 

but rather the portion of the historical forcing that Earth has not yet responded to because of the oceanôs large thermal inertia. 

 

 

 

The physics is simple.  Normally, Earth sends back to space as much energy as it receives from the Sun and global temperature is 

stable. However, added CO2 blocks heat radiation from Earth to space; thus, with more energy coming in than going out, Earth warms. 

 

However, it takes centuries for the ocean to fully warm up and restore energy balance. That delay is both bad and good.  

Itôs bad because it means that people donôt notice much climate change until a lot more is in the pipeline.  

But the delay is good because it gives us time to fix the problem ï if  we have our wits about us. 
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We can now measure Earth's energy imbalance by measuring the rate at which the heat content is changing in Earth's heat reservoirs.   

 

The biggest reservoir, the ocean, is now sampled by about 4000 Argo floats. 
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During Solar Minimum Earth gainedenergy at a rate 
nearly 20 times greater than humanityôs energy use.

Rate of heat gain in 2005-2010, in watts per square meter, averaged over entire planet.

 

These floats reveal that the upper ocean is gaining a lot of heat.  The deep ocean is gaining heat at a smaller rate.  

 

Energy also goes into melting ice and warming the continents to depths of tens of meters.  

 

The total energy imbalance during the past half century averaged about half a watt per square meter a decade ago, but in the past 

decade it has increased to almost 1 W/m2. 
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Thatôs a lot of energy ï more than 20 times greater than the rate of energy use by all of humanity. 

 

Itôs equivalent to exploding about 600 thousand Hiroshima atomic bombs per day, every day.  

 

Thatôs how much extra energy Earth is gaining each day, most of it going into the ocean. 

 

 

CǊƻƳ ά{ŜƴǘƛƴŜƭ ŦƻǊ ǘƘŜ IƻƳŜ tƭŀƴŜǘέ www.Columbia.edu/~jeh107 September 2020 communication

 

Karina von Schuckmann was a post-doc when she first published the ocean data more than a decade ago. Sheôs now the leading expert 

in the world in analyzing Argo float data at Mercator Ocean International in France.  

 

I describe her as the sentinel for the home planet, because Earthôs energy imbalance is the crucial number telling us how much 

additional global warming is already in the pipeline.  

 

The energy imbalance also implies how much we must reduce atmospheric greenhouse gases to restore global energy balance and 

stabilize climate. 
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Boldface numbers are for 
1971-2018, lightface 2010-18 

From von Schuckmannet al., 
Heat stored in the Earth 
system: where does the 
energy go? Earth Syst. Sci 
Data, 12, 2013-2041,2020.

 

Last year Karina and other experts1 concluded that Earthôs energy imbalance had increased during the past decade to about 0.9 W/m2.  

 

That energy imbalance, by itself, will drive global temperature above 1.5°C, even if greenhouse gases (GHGs) suddenly stop 

increasing. 

 

But is it plausible that GHGs will stop increasing in the near future? Are growth rates of GHGs plummeting toward zero?  

Thatôs essential, if we want to keep global warming anywhere near 1.5ÁC. Letôs check. 

 
1von Schuckmann, K., et al.: Heat stored in the Earth system: where does the energy go?, Earth Syst. Sci. Data 12, 2013-2041, 2020. 

 

 

Greenhouse gas amounts are not stabilizing; on the contrary, they are still increasing rapidly, adding more climate forcing every year. 

 

The climate forcing is increasing by about four one-hundredths of a W/m2 per year, as shown by the scale on the left.  

 

The annual addition to eventual temperature rise is a few hundredths of a degree, which is a few tenths of a degree Celsius per decade. 

 

The temperature scale is based on an assumed climate sensitivity of 3°C global warming for doubled CO2 forcing of 4 W/m2., in other 

words, ¾ of a degree Celsius for each watt per square meter of added forcing. 

 

 

 

https://essd.copernicus.org/articles/12/2013/2020/essd-12-2013-2020.pdf
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In principle, we could keep global warming to 2°C by following the IPCC greenhouse gas scenario RCP2.6, which was in vogue at the 

time (2015) of the Paris Agreement.  RCP2.6 is the lower edge of the yellow area. Reality is the upper edge of the red area. Thereôs 

already a huge gap between RCP2.6 and reality. [note: target of RCP2.6 is 2°C, not 1.5°C; this chart was corrected on 20 Dec. 2021] 

 

We could close that gap by sucking CO2 from the air, but the estimated annual carbon capture cost in 2021 is about $2 trillion, or $900 

billion with the most optimistic cost estimate. This annual cost is growing each year. Obviously, itôs not happening. We do not even 

have technology ready to capture CO2 on such enormous scale. 

 

This cost range is based on the (optimistic) cost range in Young Peopleôs Burden1 ($150-350 per tC).  Based on the costs derived from 

the pilot plant of David Keithôs company2 ($450-920 per tC) the cost for extraction in the single year 2021 is $2.6-5.4 trillion. 

 

Therefore, itôs certain that global warming will exceed 1.5°C and almost certain that it will exceed 2°C. Thatôs what real data from the 

physical sciences tells us. 

 
1Hansen, J. and 14 coauthors, Young peopleôs burden: requirement of negative CO2 emissions, Earth Syst. Dynam. 8, 1-40, 2017. 
2Hansen, J., P. Kharecha: Cost of carbon capture: Can young people bear the burden?, Joule, 2, 1405-1407, 2018. 

 

 

Thereôs another nail in the coffin of the unrealistic dream that global warming might be kept below +1.5°C: the first payment in 

humanityôs Faustian aerosol bargain1 has come due. 

The proximate cause of global warming acceleration in the last several years is the recent increase of Earthôs energy imbalance. 

But the underlying cause, almost surely, is reduction of maritime anthropogenic aerosols as a result of tightened regulations on bunker 

fuels burned by ships. 

 
1Hansen, J., Storms of My Grandchildren, Bloomsbury, 319 pp., 2009. 

 

Annual growth of greenhouse gas climate forcing (red is trace gases, mainly CFCs).

RCP2.6 is a greenhouse gas scenario designed to keep global warmingbelow 2ÁC.

Hansen, et al., Young peopleôs burden: requirement of negative CO2emissions, Earth Syst. Dyn. 8, 1-40, 2017.

https://esd.copernicus.org/preprints/esd-2016-42/esd-2016-42.pdf
http://www.columbia.edu/~jeh1/mailings/2018/20180816_Hansen.CostOfCarbonCapture.Joule.pdf
http://digamo.free.fr/hansen2010.pdf


10 
 

Leon Simons

Leon Simons, Director of the Club of Rome, Netherlands, has found a close correspondence 
between the regions and timing of reduced sulfur emissions from ships and decreased 
reflection of sunlight as measured from space.  A paper by Simons et al. is in preparation.  
The topic is discussed by Hansen and Sato, Faustian Payment Comes Due, 13 August 2021.  

Leon Simons has shown that the temporal and spatial distributions of the perturbation to Earthôs energy balance coincide with the 

timing of tightened controls on the sulfur content of maritime fuels and with a satellite-measured decrease of solar radiation reflected 

from the heavily-trafficked regions of the North Pacific and North Atlantic Oceans.  

 

The chief mechanism is the effect of aerosols on cloud cover and cloud albedo. Sulfuric acid aerosols (the same stuff that the Venus 

clouds are made of) are formed from the emissions of ship traffic. The aerosols serve as condensation nuclei for cloud drops, so an 

increase of aerosol number leads to more and smaller cloud drops, thus brighter longer-lived clouds.  

 

Sulfate aerosols have decreased in the past several years in regions of heavy ship traffic, and thus Earthôs albedo (reflectivity) has 

decreased. Increased absorption of sunlight increased Earthôs energy imbalance and the rate of global warming. 

 

Simonsô finding has profound implications, as described in the following charts. 

 

Climate forcingsin 2000-20051 relative to 1850, the GHG forcing being about +3 W/m2.         
Most climate models used a (negative) aerosol forcing of magnitude ~1 W/m2 or less.               
Aerosol scientists suggested that the aerosol forcing may be closer to ς2 W/m2.
1GHG forcing reached +3 W/m2 in 2000 with forcing efficacies included (Hansen, J. et al., J. Geophys. Res. 110, D18104, 2005).  

Simonsô finding confirms a suspicion that climate models employed by IPCC ï as a whole ï understate the aerosol cooling effect. 

In 2008 Reto Knutti wrote an article1 ñWhy are climate models reproducing the observed global surface warming so well?ò 

Knutti wondered why the models could match observed warming while including only a small negative aerosol forcing. 

In fact, most models didnôt include the aerosol indirect effect on clouds, which aerosol scientists thought was the main aerosol forcing.  

Knutti speculated that models compensated for a too-large net forcing by mixing heat too efficiently into the ocean. 

 

In 2011 we used Karina von Schuckmannôs accurate data on ocean heat uptake to confirm Knuttiôs suspicion. 

With the assumption that climate sensitivity is 3°C for doubled CO2 we inferred the aerosol forcing as ï1.6 ± 0.3 W/m2. 

If climate sensitivity Is greater than 3°C ï the likely range is 2.5-4°C for doubled CO2 ï the magnitude of the inferred (negative) 

aerosol forcing would be even greater. 

 
1Knutti, R., Why are climate models reproducing the observed global surface warming so well? Geophys. Res. Lett., 35, L18704, 

2008. 
2Hansen, J., M. Sato, P. Kharecha and K. von Schuckmann, Ice melt, sea level rise and superstorms: evidence from paleoclimate data, 

climate modeling, and modern observations that 2 ǓC global warming could be dangerous, Atmos. Chem. Phys., 11, 13421-13449, 

2011. 

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2008GL034932
https://acp.copernicus.org/articles/16/3761/2016/acp-16-3761-2016.pdf
https://acp.copernicus.org/articles/16/3761/2016/acp-16-3761-2016.pdf
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Simonôs finding also implies that the acceleration of global warming in the past several years is not a chance fluctuation. 

Indeed, accelerated warming will continue; the relatively cool year 2021 is due to a moderately strong La Nina. 

 

The present large planetary energy imbalance should cause a new global temperature record to be reached by 2023 or 2024. 

Barring the unlikely event of a Pinatubo-scale volcanic eruption, the+1.5°C level should be breached within a decade. 

 

One point to emphasize here is that thereôs nothing magic about transient passage through temperature level +1.5°C. 

Global temperature surely will rise well above +1.5°C, but that is no reason to panic or to frighten young people.  

Also, there is nothing magic about year 2030; we are not doomed if do not do such-and-such by 2030 or any other arbitrary date. 

 

We have already pushed beyond several planetary boundaries.  We will need to pull back, but we can do that. 

The inertia of the climate system allows us the opportunity to ameliorate consequences, if we understand the climate system and take 

sensible actions. 

 

Most amplifying feedbacks do not, per se, imply a ñtipping pointò or ñpoint of no return.ò  For example, GHG release from melting 

tundra and methane clathrates on continental shelves are sufficiently slow that the consequences can be obviated by the global cooling 

that will be necessary on the long run to preserve our coastal cities and shorelines. 

 

There is legitimate cause for concern about practically irreversible effects from the potential shutdown of the Atlantic Meridional 

Overturning Circulation (AMOC) and from runaway mass loss of a substantial mass of certain ice sheets.  Yet here, too, the most 

dangerous consequences can still be avoided, if we have sufficient understanding and take timely actions that are still practical to 

achieve. 
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Target Atmospheric CO2: The World Is Already Well Into Overshoot of Atmospheric Greenhouse Gases*

*Hansen, J., M. Sato, P. Kharecha, D. Beerling, R. Berner, V. Masson-Delmotte, M. Pagan, M. Raymo, D.L. Royer and J. Zachos: 
Target Atmospheric CO2: Where should humanity aim?, Open Atmos. Sci. 2, 217-231, 2008.

 

IPCC climate analyses rely heavily on global climate models (GCMs), which are now ubiquitous.  However, our understanding 

benefits from a comparable emphasis on information from paleoclimate and from modern observations of ongoing climate processes.  

IPCC has begun to pay more attention to paleoclimate data, but modern observations remain shockingly deficient in areas such as 

monitoring of aerosol climate forcing and observations of ocean and ice processes on the Antarctic periphery. 

 

Overshoot of atmospheric GHG levels was already clear in 2008, when a group of scientists concluded that it was necessary to reduce 

atmospheric CO2 to a level less than 350 ppm.  Greater specificity was not needed, because the 350 ppm target already implied the 

need to phase down fossil fuel CO2 emissions as rapidly as practical.  By the time a CO2 amount of 350 ppm is approached from 

above the long-term target will be clearer. 

 

The figure above from the ñTarget CO2ñ paper is particularly informative.  Global temperature change during the past 400,000 years is 

well accounted for by the GHG and surface albedo climate forcings, albeit most of the GHG and surface albedo changes (ice sheet 

size changes inferred from sea level change) were actually slow feedbacks, with the instigator of those changes being changes of 

Earthôs orbit and the inclination of the spin axis.1 

 

The Holocene is particularly interesting, as significant increase of CO2 and CH4 beginning several thousand years ago was not 

matched with rising temperature.  We suggest elsewhere2 that Bill Ruddimanôs suggestion3 that humanity began affecting those 

greenhouse gas amounts several thousand years ago ï via deforestation and agriculture ï may be at least partly correct, but GHG 

warming by increasing GHGs is offset by aerosol cooling. Even small aerosol emissions could cause a significant aerosol indirect 

effect in the pristine atmosphere when human aerosol emissions were just beginning.2 

 

GHG climate forcing, which is known accurately, had already reached about 3.5 W/m2 by 2000 relative to the early Holocene.  Global 

warming since 1900 was about 0.7°C in 2000, but perhaps barely above the prior maximum Holocene temperature.4  The net (GHG + 

aerosol) forcing became substantial by about 1970 and global warming has been rapid since then. 

 

Net forcing today (2021) is probably about 2.5 W/m2, but the exact value is uncertain because of the absence of measurement of the 

aerosol climate forcing.  The eventual response to this forcing ï if it is left in place ï will be global warming of about 4°C (left scale of 

figure above).  The time required to achieve that full warming could be as long as a few millennia, as long as needed for the size of the 

ice sheets to reach equilibrium with the forcing. 

 

Equilibrium global warming in response to 2.5 W/m2 forcing with fixed ice sheet size ï the Charney problem ï for climate sensitivity 

0.75°C per W/m2 is about 1.9°C.  That response (which includes fast climate feedbacks) would itself require centuries to be fully 

achieved because of the oceanôs thermal inertia ï if the forcing remained fixed at 2.5 W/m2. 

 

Unfortunately, the forcing is not going to remained fixed at 2.5 W/m2 ï instead, it will continue to rise for some time, even in the best 

scenario (Chart 14). 

Fortunately, the slow response time of the climate system allows us time to reduce the forcing before equilibrium response occurs. 

However, we need a broad understanding of the climate and energy systems to help us to achieve the reduced forcing fast enough to 

avoid the most threatening climate consequences. 

 
1Hansen, J., draft Chapter 25 (Paleoclimate & ñSlowò Feedbacks) of Sophieôs Planet, Bloomsbury, 2022. 
2Hansen, J., M. Sato, P. Kharecha, G. Russell, D.W. Lea and M. Siddall, Climate change and trace gases, Phil. Trans. Roy. Soc. A 

365, 1925-1954, 2007. 
3Ruddiman, W.F., The anthropogenic greenhouse gas era began thousands of years ago, Clim. Change 61, 261-293, 2003. 
4Hansen, J. and 14 coauthors, Young peopleôs burden: requirement of negative CO2 emissions, Earth Syst. Dynam. 8, 1-40, 2017 

http://www.columbia.edu/~jeh1/SophiePlanet/Planet.Chapter25.pdf
https://pubs.giss.nasa.gov/docs/2007/2007_Hansen_ha02210k.pdf
https://stephenschneider.stanford.edu/Publications/PDF_Papers/Ruddiman2003.pdf
https://esd.copernicus.org/preprints/esd-2016-42/esd-2016-42.pdf
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Climate, Energy, Economic, Social Sciences

2000: Alternative scenario (PNAS paper)
Air Pollution & CO2, half-century problem

2002/5: Workshops @ East-West Center
China, India, U.S., Europe

2005-8: Post-censorship opportunities
Environmentalists, Utility CEOs & their staff

2008: Workshop in DC, Letter to Obama
 

By good fortune, I received an intense education in the relevant sciences ï climate, energy, economic and social sciences ï over the 

past 20 years, but especially in the period 2000-2008. 

In 2000 I wrote a paper An Alternative Scenario1 because IPCC (the Intergovernmental Panel on Climate Change) did not have any 

scenario that kept global warming to 2°C or less.  

That seemed strange.  Did humanity not have any free will?  Must we walk straight into climate disasters?  

So, in that paper we gave equal emphasis to air pollution and CO2. We focused on methane, black carbon, and tropospheric ozone, as 

well as CO2.  

We thought it would take at least half a century to phase off fossil fuel CO2 emissions, but by focusing on other air pollutants as well 

as CO2, it would be possible to keep global warming from exceeding 2°C. 

 

This paper irritated the relevant scientific community ï most of whom contributed to IPCC reports ï and I found it hard to defend and 

publish our perspective. 

Nature magazine reported as ñNewsò only criticisms of our paper and would not publish my defense of the paper.2 

But one of the great things about the U.S. is that it is possible to promulgate an alternative perspective, if you work at it.  

I was able to get support from a wonderful man, philanthropist Gerry Lenfest, who provided funding for workshops that I organized at 

the East-West Center in Hawaii.  

Our idea was that most future emissions would come from developing countries such as China and India. And they had tremendous air 

pollution.  

So there was strong incentive for us to work together to find a science and technology pathway to a bright future for the planet and 

future generations. 

 

Well, I thought that I could pursue ideas freely.  But in 2005 the White House told NASA to prevent me from giving talks or speaking 

to the media without prior approval.  

Prior restraint is unconstitutional.  When I told Andy Revkin of the NY Times about it, the shit hit the fan.  Publicity about this 

censorship ï on the front page of the Times, on Sixty Minutes television news, and in a book by Mark Bowen3 ï led to the opportunity 

for interactions across the spectrum ï students, environmentalists, Big Green organizations, utility CEOs such as Jim Rogers of Duke 

Energy and Ralph Izzo of PSE&G and their expert technical staffs ï people charged with keeping the lights on. 

Interaction with the utility CEOs led to planning a workshop in Washington to discuss energy policies, and then to a letter to 

President-elect Obama describing the two essential actions needed to phase out carbon emissions.  

Those two essential actions can be clarified with the help of just two graphs, which are each pregnant with information. 

 
1Hansen, J., M. Sato, R. Ruedy, A. Lacis, and V. Oinas: Global warming in the twenty-first century: An alternative scenario. Proc. 

Natl. Acad. Sci., 97, 9875-9880, 2000. 
2Hansen, J., draft Chapter 35 (Dangerous Interference) of Sophieôs Planet, Bloomsbury, 2022. 
3Bowen, Mark, Censoring Science: Inside the Political Attack on Dr. James Hansen and the Truth of Global Warming. New York: 

Dutton, 2008. 

 

 

 

 

  

https://pubs.giss.nasa.gov/abs/ha05200y.html
http://www.columbia.edu/~jeh1/SophiePlanet/Planet.Chapters34+35.pdf
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LΩƳ ŀƴ ŀŘǾƛǎƻǊ ǘƻ ƳŀƧƻǊ ŦƛǊƳǎ ŀƴŘ ƎƻǾŜǊƴƳŜƴǘǎ ƛƴ срҌ 
countries for 40+ years; a practitioner of integrative 
design for advanced energy efficiency in buildings, 
vehicles, and industry; a member of the National 
Petroleum Council 2011ς18; author of 31 books and 
over 600 papers; recipient of the Blue Planet, Volvo, 
Zayed, Onassis, Nissan, Shingo, and Mitchell Prizes, 
MacArthur and Ashoka Fellowships, 12 honorary 
ŘƻŎǘƻǊŀǘŜǎΣ ǘƘŜ ά!ƭǘŜǊƴŀǘƛǾŜ bƻōŜƭΣέ IŜƛƴȊΣ [ƛƴŘōŜǊƎƘΣ 
National Design, and World Technology Awards. In 
нллфΣ ¢ƛƳŜ ƴŀƳŜŘ ƳŜ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ млл Ƴƻǎǘ 
influential people, and Foreign Policy, one of the 100 
top global thinkers. In 2016, the President of Germany 
awarded me the Officer's Cross of the Order of Merit.Amory Lovins

Fig. 39.1  From Forbes Magazine Contributor Profile
 

But before I show those two graphs, let me show a photograph ï of Amory Lovins. 

Amory is a recognized leading thinker on energy.  He advises governments and industry all around the world.  He has received every 

prize imaginable.  

 

Amory visited our Institute in the late 1970s.  He had impressive knowledge of energy efficiency ï of the potential to reduce energy 

demands, if we remove the barriers to efficiency.  

Amory is a persuasive salesman.  He was adviser to Arkansas Governor Bill Clinton, and he continued as energy guru to President 

Clinton and Al Gore. 

 

The most amazing thing that Amory concludes is that there is so much potential in energy efficiency that we can get all of our energy 

from soft renewables. 

Soft renewables exclude large hydro, which many environmentalists do not like. 

 

Amory says we do not need any fossil fuel ï oil, gas or coal ï we do not need large hydro, nuclear power, or a carbon tax. 

Itôs no wonder that Amory is worshipped by liberals.  By the way, I am a political Independent and I am so registered. 
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Update of Figure 2 in Hansen, J.: Storms of My Grandchildren, Bloomsbury, 320 pp., 2009.
 

In 2001 I was invited to speak to the first meeting of President Bushôs Climate Task Force, which consisted of six Cabinet members, 

EPA Administrator, National Security Adviser, and Vice President Dick Cheney as chairman. 

I brought copies of our Alternative Scenario paper.  The Vice President read (out loud) a few sentences of the paper focused on the 

non-CO2 (air pollution) climate forcers and invited me to speak to the second meeting. 

 

That second meeting did not go well, from my perspective.  As discussed in Storms of My Grandchildren, I did not do a good job of 

countering Richard Lindzenôs disinformation about climate change. 

 

The only good thing was that when I got home I changed the name of my student research team ï high school and college students 

participating in our summer program, the Institute on Climate and Planets. 

We changed the name of our team to ñThe A-Team,ò for Alternative Scenario, and we changed our research focus from climate 

modeling to energy and climate. 

 

I dug out a graph on U.S. energy consumption that Amory had left with me in the late 1970s, and we updated the graph to see how the 

real world compared with Amoryôs projections. 

Lovinsô energy projection ï the red line ï was good.  Energy use increased from about 70 to 100 quadrillion BTUs per year.  It would 

have been greater, but much of our industrial production moved overseas. 

 

However, the soft renewable projection ï the dash-dot line ï was way off. The green area is much too small, even though about half of 

it is large hydro.  

Growth of renewables was due to Renewable Portfolio Standards, which force utilities in most states to get a fraction of their energy 

from renewables.  

Itôs an almost unlimited subsidy, with costs passed on to the customers, but it does raise the use of renewable energies.  

However, it is also raising the use of gas to complement intermittent renewable energies, which means fracking, water pollution, 

pipelines, methane emissions, and CO2 emissions. Itôs almost as bad as coal.  
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Fig. 47.5. Carbon intensity (carbon per unit energy) of global and national energies.  

MtC : megatons carbon. Mtoe: megatons oil equivalent.  [Sophieôs Planet, Chapter 47]
 

This is the most important graph ï carbon intensity ï the amount of carbon per unit energy. Carbon intensity must go to near zero to 

solve the climate problem.  

In 55 years, global carbon intensity has gone from 80% to a bit less than 70%.  Itôs a very big job to approach zero carbon intensity!  It 

will take at least several decades longer for the world to achieve that. 

The U.K. is doing a bit better than Germany.  They are both doing better than the U.S. 

 

Most important, notice that Sweden and France cut carbon intensity in half quickly ï in about 15 years.  How?  They built nuclear 

power plants to almost completely decarbonize their electricity.  

Sweden started with a lower carbon intensity, about 60%, because half of their electricity was from hydropower. They chose a design 

for nuclear plants and built 10 of them, which took about a decade.  

Sweden even uses electricity to heat homes. They need one more big step: to make liquid fuels from electricity, which we know how 

to do. 

 

Now, remembering that global carbon intensity since 1965 decreased only from 80% to 70%, letôs look at the worldôs total energy use. 

 

 

Global energy consumption and fossil fuel emissions.  BP data are used from 1965.  

Gilfellan et al. earlier data are adjusted by factors near unity to match BP in 1965.

see Chapter 43: Energy for the World, Sophieôs Planet, available www.columbia.edu/~jeh1

 

Global energy consumption since 1965 increased by more than a factor of three. 

Renewables ï the green area ï are increasing, but not enough to replace other energies.  

 

Because the carbon intensity of the energy decreased only from 80% to 70%, global CO2 emissions ï the graph on the right ï 

increased by a factor of three. 
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Emerging economies will be the source of most future emissions. 

 

So we should work together with China, India, Indonesia, Viet Naméand other economies that are growing rapidly. 

 

In fact we in the West have an obligation to do that, as we used much more than our fair share of the carbon budget. 

 

 

(a) Fossil fuel CO2 emissions by nation/region in 2020, (b) Cumulative emissions in 1751-2020.

Global warming is proportional to cumulativeemissions [Hansen, J., et al., Dangerous human-
made interference with climate: a GISS modelEstudy, Atmos. Chem. Phys. 7, 1-26, 2007.]

 

Today, China has the greatest emissions. China, the U.S. and India produce half of global emissions, as shown by the pie chart on the 

left.   

 

However, global warming is accurately proportional to cumulative emissions ï total historical emissions ï the pie chart on the right.  

 

The West ï especially the United States ï is responsible for more than half of historical emissions, despite the relatively small 

population of the West.  

 

 

  


