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Letter to the Bulletin of the Atomic Scientists

Summary

We are responding to a letter by David Spratt to The Bulletin on the danger from tipping points (“Faster than expected, climate impacts trigger tipping points in the Earth system”, April 19th, 2023 [1]) and an open letter from over 110 scientists, including Jim Hansen, on the need for research into cooling intervention by Solar Radiation Management (SRM) [2].  Our basic argument is that the risk from tipping processes becoming irreversible in the Arctic, with catastrophic consequences on climate and sea level, is so great that there is extreme urgency for SRM deployment to refreeze the Arctic.  SRM research should focus on optimum deployment in real time for the most promising candidates which could work together to refreeze the Arctic: Stratospheric Aerosol Injection (SAI) and Marine Cloud Brightening (MCB). Surface brightening and winter cloud seeding/removal should also be considered to supplement SAI and MCB.  Deployment modelling and monitoring are necessary to give a reasonable guarantee of safety, such that insurance is available against unforeseen side-effects.  Planetary restoration should be the ultimate goal.
Introduction

This letter is the result of research by the Planetary Restoration Action Group (PRAG) whose mission is the restoration of the planet to a safe, sustainable, productive and biodiverse state, for the enjoyment of all humanity and for the protection of ecosystems on which all life depends.

The Union of Atomic Scientists is one of the few organisations which publicly acknowledge the climate crisis as potentially existential for our civilisation.  The Bulletin has published a dire warning from David Spratt about the risks arising from tipping points.  He examines some of the worst catastrophes that could happen and finds evidence that elements of the Earth System are on a path to cause these catastrophes unless drastic action is taken specifically to prevent them.  We support his view with added concerns about the state of tipping points and propose urgent cooling intervention using hitherto shunned SRM techniques to halt the most active tipping processes before they become unstoppable.  Reversal of certain processes is required for climate restoration and to slow sea level rise.
Public perception of climate change
“We live in a world which is intrinsically stable.  Any perturbation can be countered by removing that perturbation.  CO2 is the main cause of global warming so, logically, the reduction in emissions will have the effect of reversing global warming.   A little extra global warming and climate change up to the net zero point is acceptable.”  Or so it was widely believed until recently.  Hence the world’s focus has been on emissions reduction.  This has been the strategy promoted by IPCC ever since its foundation.  SRM was thought at best to be a distraction from emissions reduction (the so-called “moral hazard”) and at worst to be a high risk, especially SAI.  It was never thought that SRM might be an absolute necessity in the short term.  It was never investigated whether SAI might be deployed harmlessly.  As for climate restoration, it has never been promoted in public until very recently.
Sudden dawning

However a climate crisis is now acknowledged.  The unexpectedly sudden rise in extremes of weather, affecting practically every country in the world, has drawn attention to the need for rapid action to slow this rise and if possible reverse it.  The reaction so far has been to buckle down on emissions reduction and aim for net zero as soon as possible.  But the achievement of net zero will take decades, during which global temperatures are likely to rise well above 2°C.  And even then there is doubt among the scientific community that global warming would be halted at net zero, since there would still be the climate heating from the excess of greenhouse gases in the atmosphere. CO2 equivalent (CO2e) has already doubled from 280 ppm around 1900 to about 560 ppm.  SO2 cooling is being reduced through decarbonisation, meaning increased global heating.  Some scientists, such as Jim Hansen, argue that the world could face 4°C or more by 2100, with potentially catastrophic impacts on climate change, sea level rise, flooding, droughts, food security, economic security, ecosystem viability, biodiversity, health and social cohesion. 

However the sudden growth in extremes of weather over recent decades is not directly due to global warming.  The scientific consensus has yet to recognise that the growth is driven by Arctic amplification, with the Arctic warming about four times faster than the global mean since 1980.  The relatively rapid warming in the Arctic has reduced the temperature gradient with respect to lower latitudes, which has reduced the energy in the jet stream waves known as Rossby waves.  One trend is for these waves to meander further to north and south, producing unexpected extremes of cold in the south (e.g. freezing in Texas) and warmth in the north (e.g. a record 23.6°C in Greenland).  Another trend is for the Rossby waves to stay ‘blocked’ in one pattern for longer, thus amplifying the effect of heat to produce heat domes and humidity to produce floods.  A third trend is for the polar vortex to break up, sending cold air southwards and bringing warm air to replace it.  This is a mutually reinforcing feedback.
Risk of unstoppable descent to catastrophe

The public continue to be reassured that climate change is slow and 2100 is a long time ahead in which to gradually adapt.  They are assured that tipping points have not yet been activated though nearly so.  However evidence from comparing observation with linear models shows that tipping point processes have already been activated, and there is a significant risk that catastrophic consequences will be unleashed through tipping point processes on an unexpectedly short timescale. There is also the potential for these processes to become unstoppable, making catastrophe inevitable at some later date.
David Spratt writes:

There are fair and reasonable concerns that focusing on worst-case scenarios will cause public despair and paralysis. But when risks are existential, it is precisely those high-end possibilities of system collapse, rather than the middle-of-the-road linear probabilities, that must be the focus of concern and should spur the world to action.

Tipping point processes in the Arctic were activated around 1980 when the Arctic started warming four times faster than the global average.  This rapid Arctic warming was initiated by warm saline water entering the Arctic from the Atlantic and Pacific; but this warming was then amplified by albedo loss as snow and sea ice retreated.  The climate forcing could now amount to as much as 1.0 W/m2, focussed as 0.5 petawatt heating in the Arctic region.  This estimate is based on satellite observation; sadly the climate models used by IPCC have been overly conservative, failing to make realistic projections of snow and sea ice retreat.
Characterising tipping processes

The notion of tipping point has lead to some confusion because in most cases there is not some obvious point or threshold when tipping starts, ends or becomes irreversible.  Tipping element refers to the relevant component of the Earth System.  Tipping process activation is when positive feedback starts to cause noticeable acceleration in that process.  For the Arctic tipping elements, the activation was around 1980.  The acceleration cannot continue indefinitely, and there is either a collapse or a gradual decline into a new state.  Greenland Ice Sheet melt is accelerating, and a partial collapse could occur quite suddenly.  This in itself would be irreversible and it might not be possible to prevent partial collapse becoming a full collapse.  On the other hand the Arctic sea ice was in accelerated retreat until 2012, but is now in a mode of continued gradual decline towards a state when there is little sea ice left at the end of summer.  There is still potential to reverse the retreat of the sea ice, if enough cooling power were to be injected into the system.  However the associated disruption of atmospheric circulation could go beyond producing weather extremes and lead to a collapse in the normal Hadley cell system, with a reconfiguration of climate patterns, at least in the Northern Hemisphere.  And similarly the Atlantic Meridional Overturning Circulation could suddenly reconfigure with a different pattern of global circulation.
SRM now an absolute necessity
The emissions reduction strategy has failed to prevent the activation of tipping processes in the Arctic.  If these processes are to be halted to prevent global catastrophes, then SRM is an absolute necessity.  The sooner the deployment, the lower is the risk of the processes becoming irreversible.  Refreezing the Arctic should now be the world’s top priority for action on climate change.  The “moral hazard” is now to delay SRM deployment unnecessarily.  There is no alternative for refreezing the Arctic.
Research on steroids
There is no guarantee that we haven’t left it too late to refreeze the Arctic.  SRM techniques with the most potential cooling power should be deployed as soon as possible.  Deployment of different techniques can generally proceed in parallel.  At present the most powerful technique is probably SAI because of its scalability.  Some MCB advocates claim they could refreeze the Arctic without SAI, but it would be foolish not to deploy SAI for this reason.  Other candidates should be considered for deployment at the same time as SAI and MCB.  Cirrus Cloud Removal could increase thermal radiation into space.  Winter cloud removal by seeding could both increase thermal radiation into space and provide bright snow cover for when spring returns.  Surface brightening by other means could also be considered, such as sea ice thickening.
While preparations are made for deployment of the most promising SRM candidate techniques, research should focus on the modelling, validation, optimisation, and monitoring of deployment in real time in order to maximise effectiveness of selected techniques while guarding against unmanageable side-effects. The risks of untoward consequences need to be brought down to a level where insurance is possible.
Planetary restoration
The ultimate goal should be agreeable to everyone: restoring the planet to a safe, sustainable, productive and biodiverse state.  Since tipping point processes seem to have been activated in 1980, the goal could be to restore the planet to a state before then, in respect to temperature, climate, the rate of sea level rise, and ice in the cryosphere.  Carbon in soil and life in the sea should be regenerated to provide biodiversity along with food security.  Biochar and regenerative agriculture are promising techniques for increasing soil carbon.

Corals started bleaching in 1980 when water temperatures rose above a critical threshold.  A return to sea surface temperatures prior to 1980 is highly desirable for the recovery of coral reefs and many other marine ecosystems.  Antarctic glacier retreat needs to be halted.  The rate of sea level rise from ocean expansion needs to be drastically reduced from its current rate.

A return to land temperatures prior to 1980 is also highly desirable, e.g. to allow recovery of non-polar glaciers (whose retreat has generally been accelerating since 1980) and to prevent the Amazon rainforest from reverting to savannah.
Planetary restoration should be attempted while it is still feasible, with the refreezing of the Arctic as top priority prerequisite.
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