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Salter, Latham, DEFRA correspondence on increasing the reflectivity of marine stratocumulus clouds
This set of papers gives the views as of November 2005 of DEFRA and the Hadley Centre on proposals from John Latham and Stephen Salter to reverse the thermal effects of climate change together with the Salter Latham replies.  The collection is a compact account of the difficult issues involved.

The replies were returned to DEFRA and the Hadley Centre with an invitation to reconsider their criticism in the light of the Salter Latham comments.   Neither DEFRA or the Hadley Centre made any change at the time or since. 
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Dear Professor Salter,

Following our meeting in Edinburgh on 6th October I would like to thank you for your detailed communications to my department and Sir David King regarding your proposal for ‘Albedo Control’. I have been requested to provide a response on behalf of Sir David and Defra. I apologise for the delay, but I felt it necessary to consult more widely before responding. 

The ‘Albedo Control’ proposal is very interesting and well thought through. It certainly provides an innovative, alternative approach to tackling climate change. However, as we discussed during our meeting, there are many concerns that we suggest will need to be addressed:

· Mechanics- The science and technology needed to deliver this proposal is not yet soundly proven. I believe that you have already been in touch with scientists at the Hadley Centre. They are rather cautious about the benefits of such a proposal. Indeed there is some considerable doubt over the feasibility of stabilising the climate by using engineered devices to manipulate atmospheric radiative transfer at a global scale. I attach a note from the Hadley Centre in the annex.

· Ancillary effects- It seems likely that altering cloud structure and density over such a large area will have unknown significant local effects on climate, particularly rainfall patterns. Changing the radiative budget between the northern and southern hemisphere and increasing the contrast between land and sea temperatures will have unknown effects on meteorology. There is also concerns over ecological effects on marine organisms and birds.

· Engineering practicalities- There are many engineering practicalities that need to be considered in more detail such as cost, structure, safety and maintenance.

· Emissions Trading-  In the longer term, the proposal relies on being involved in emission trading for funding. The EU Emissions Trading Directive has set out a scheme that sets a cap on CO2 emissions from industry.  A review of the Scheme will be published next year that will set out proposed amendments to the Directive that will be effective from 2013.  It is unlikely, at this early stage,  that any amendments will extend the scope of the scheme in a way that could encompass your proposal. In any case, the high level of uncertainty in quantifying temperature reductions make ‘temperature units’ unlikely to be acceptable as a tradable commodity. As the Hadley Centre notes there is a considerable difference between an emission avoided and one masked.

· Policy imperative- Currently the UK is focusing its resources on finding ways to reduce carbon dioxide emissions to a level that will prevent ‘dangerous’ climate change. We are not at the stage when there is a strong push for radical alternatives and so research in this area is not a high priority.

· Public Acceptability- The issues of public acceptability would need to be addressed. There are a number of similar schemes such as the ‘giant mirror’ and ‘micro filters’ that are viewed rather sceptically by the general public. There would need to be strong evidence that the scheme would work.

· Political agreement- In the longer term, this trans-boundary proposal would need global political agreement. This would require a high level of political resources, and it is unlikely that consensus could be achieved over such an controversial scheme.

Our discussion highlighted the potential need for a process by which such ‘blue sky’ proposals can be assessed and considered. Currently, there is no such scheme so the quality and potential of individual proposals can not be assessed easily. 

Thank you again for our interesting meeting in Edinburgh and I hope that you felt that our discussion was useful. As you can appreciate from the above it is unlikely that the proposal would be supported by Government at this time. 

Yours sincerely,

David Warrilow

Global Atmosphere Division

Department for Environment, Food & Rural Affairs (Defra)


Copy: Sir David King


Professor Howard Dalton


Dr Vicky Pope

  

Annex

Comments from Met Office on the meteorological aspects of the “Albedo Control” proposal (Olivier Boucher, Vicky Pope and Andy Jones)
The effect of aerosols on Stratocumulus (Sc) is established and the proposed mechanism is likely to cause a negative radiative forcing of climate. However we would like to make it clear that many aspects in both the forcing and the climate response are not well understood quantitatively. Modelling of Sc in GCMs remains very crude and more elaborated models (such as LES models) are usually not run for long periods of time. We do not know well the impact of aerosol concentrations on drizzle production and structure of the Sc – capped boundary layer. We do not know well the patterns of climate change that would emerge from such a localised forcing. One would typically expect the climate response to have a local component (i.e. cooling at the place of the forcing) and a global component (a bit of cooling elsewhere) but this is not quantified at all at the moment. This pattern of surface temperature change would certainly be very different from that due to greenhouse gases, in particular in terms of land/sea contrast. Moreover we do not know the climate response in terms of precipitation and large-scale circulation. 

Is it possible to alter the cloud properties sufficiently to make a difference?  If it is then, if you change the climate in the subtropics (where most of the Sc is), it will alter convection in the tropics, which could have a larger effect on the radiative forcing than the original change in the Sc had.  The properties of cloud and convection and their feedback on climate are not well understood enough to justify such an interventionist approach.

Even if such a project proves to be a valuable solution, there would be serious (scientific) difficulties to define this in terms of equivalent GHG emissions. An emission reduction today would be felt in terms of CO2 concentrations for as long as a century. This means that to be equivalent to a CO2 emission reduction, the albedo control has to last for that long. One may even argue that the emission reduction achieved today will last for many future years (as many years as it would have taken to decrease the emissions naturally, e.g. because a technology would have come anyway or because we are running out of oil). In that case the albedo control has to be achieved for an even longer period than a century to be considered equivalent to an emission reduction. 

Dr. Salter says that his technology is reversible. Actually the technology is reversible but the trading against CO2 emissions is not! If you have traded an albedo control against CO2 emissions, one can always stop the albedo control, but one cannot soak up the CO2 emissions which have been emitted instead! 

Dr Vicky Pope  

Head of the Climate Prediction Programme,

Hadley Centre, Met Office, FitzRoy Road, 

Exeter, EX1 3PB

Comments on the letter from DEFRA to Salter of 15 November 2005
Background.  John Latham of the National Centre for Atmospheric Research in Boulder Colorado and Stephen Salter of the University of Edinburgh have been working on an idea to prevent world temperature rise by increasing the amount of solar energy reflected from the tops of clouds through the exploitation of the Twomey effect.  They have been in discussion with the UK Department for Environment, Food and Rural affairs who are in charge of all UK policy on climate change and are advised by the Hadley Centre. This note lists the  DEFRA objections and the Salter-Latham replies.
	DEFRA /  Hadley objections

	Latham / Salter replies



	1. The science and technology needed to deliver this proposal is not yet soundly proven.
	There is a large scientific literature in support of the Twomey effect and no remaining doubt about the relationship between the concentration of cloud droplets and reflected solar energy. Three papers on albedo control have been published in the open literature and there has been a positive response at seminars and conferences. The predictions have been confirmed with the Hadley Centre HADGAM 1 global climate model.

You are correct to say that the technology has not been proven.  This is because there has been no money to develop it.



	2. I believe that you have already been in touch with scientists at the Hadley Centre. They are rather cautious about the benefits of such a proposal. Indeed there is some considerable doubt over the feasibility of stabilising the climate by using engineered devices to manipulate atmospheric radiative transfer at a global scale.


	Scientists have confirmed the thermal effects of what albedo control could achieve but, so far, have thought that dispersal of the right size of spray drops might not be technically possible.  However they are not well qualified to assess the engineering feasibility of the ideas for doing it. Hadley Centre have asked no questions about the proposed design and have not seen any engineering drawings or design calculations. 



	3. It seems likely that altering cloud structure and density over such a large area will have unknown significant local effects on climate, particularly rainfall patterns.
	We can choose sites where most of the effects will take place far out to sea. The primary effect will be to prevent sea temperatures rising.  We agree that a comprehensive study of  this and other effects must be carried out before any large scale deployment.



	4. Changing the radiative budget between the northern and southern hemisphere and increasing the contrast between land and sea temperatures will have unknown effects on meteorology. 


	The prediction of meteorological effects including the north-south  balance is a large part of the proposed programme of work.




	5. There is also concern over ecological effects on marine organisms and birds.
	The ecological effects on marine organisms and birds of keeping the Earth’s temperature unchanged should be less than those already occurring, which will happen to a greater extent if icecaps melt and methane is released from permafrost. This issue must be carefully studied. 



	6. There are many engineering practicalities that need to be considered in more detail such as cost, structure, safety and maintenance.
	Engineers have had to consider cost, structure, safety and maintenance on almost everything they have ever done.  How will engineering problems be solved if there is no money to study them? We would be delighted if you could list what you see as the most the important practicalities and listen to our solutions. 



	7. The EU Emissions Trading Directive has set out a scheme that sets a cap on CO2 emissions from industry.  A review of the Scheme will be published next year that will set out proposed amendments to the Directive that will be effective from 2013.  It is unlikely, at this early stage, that any amendments will extend the scope of the scheme in a way that could encompass your proposal. 


	The present market is not succeeding in stabilising let alone reducing atmospheric CO2. It was planned without consideration of the Twomey effect.  The planning of the new market will not take albedo control into account unless we can get it onto the agenda. 

	8. In any case, the high level of uncertainty in quantifying temperature reductions make ‘temperature units’ unlikely to be acceptable as a tradable commodity.
	The temperature of the sea changes very slowly. Satellites have been making accurate measurements over wide areas for a long time so an excellent comparative database exists.  We can compare sites that have been treated with those that have not. 



	9. As the Hadley Centre notes there is a considerable difference between an emission avoided and one masked.


	We are not masking the effects of CO2 we are countering one of them. We agree albedo control will reduce only temperature.  But this is the most serious of the effects.  Once you have done everything you can to reduce CO2 it is better to counter the worst of the remaining effects than to suffer it. Your comment suggests that you are confident that present policies are working.  



	10. Currently the UK is focusing its resources on finding ways to reduce carbon dioxide emissions to a level that will prevent ‘dangerous’ climate change. We are not at the stage when there is a strong push for radical alternatives and so research in this area is not a high priority.
	Are you so confident in your present policy that you are sure that there is no need for any backup plan? Should we not invest a relatively small amount on parallel solutions just in case?


	11. The issues of public acceptability would need to be addressed. 


	Yes. We can think about public acceptability when we come to decisions about deploying large numbers of spray vessels.  But we can do this only in the knowledge of how they work and what they achieve. The public will grow increasingly anxious as the effects of global warming become more evident.



	12. There are a number of similar schemes such as the ‘giant mirror’ and ‘micro filters’ that are viewed rather sceptically by the general public. 
	We do not want to attack other options without detailed knowledge of them. But mirrors are not in any way similar to albedo control which has gradual installation and a time constant of a few days. Why should bad ideas block good ones or good ones attack each other? We may need them all. Has the track record of the general public is the assessment of major innovations been good?



	13. There would need to be strong evidence that the scheme would work.


	Certainly there is a need for strong evidence. It can be obtained by spending about £10 million. This is much less than the cost of security at one G8 summit and a tiny fraction of the cost of getting climate control wrong.



	14. In the longer term, this trans-boundary proposal would need global political agreement. This would require a high level of political resources, and it is unlikely that consensus could be achieved over such a controversial scheme.
	Again this is a problem to be faced when we know more about what albedo control can do. But did we get political agreement before building coal-fired power stations, releasing Diesel fumes, testing nuclear weapons or flying aircraft? When global warming gets bad enough consensus will be rapidly achieved.



	15. Our discussion highlighted the potential need for a process by which such ‘blue sky’ proposals can be assessed and considered. Currently, there is no such scheme so the quality and potential of individual proposals can not be assessed easily.


	Then in my view there should be.  As DEFRA is at present in control of everything in the UK to do with global warming it should be DEFRA that does it. 


When you have to make a difficult decision it is useful to consider the both the good and the harm of alternative courses.   If we launch an albedo control project which fails or proves to be not needed we will have wasted a few million but learned some useful things about climate modelling which we should have learned already. If it succeeds the planet may be saved.

If we do not work on albedo control and the present policy does not achieve the enormously large required reductions in CO2 levels, we will have saved the few million but lost thousands of billions in property and human misery.

Comments on the annex from the Hadley Centre

	16. The effect of aerosols on Stratocumulus (Sc) is established and the proposed mechanism is likely to cause a negative radiative forcing of climate.

	Many decision makers may need to know that ‘negative radiation forcing of the climate’ means cooling, exactly what we are trying to achieve.



	17. However we would like to make it clear that many aspects in both the forcing and the climate response are not well understood quantitatively. Modelling of Sc in GCMs remains very crude and more elaborated models (such as LES models) are usually not run for long periods of time.


	Then an urgent effort to understand them should be made and not just for this proposal.



	18. Is it possible to alter the cloud properties sufficiently to make a difference?  


	There is no doubt about the Twomey effect.  We have to show that we can make enough drops the right size and get them in place. 



	19. If it is then, if you change the climate in the subtropics (where most of the Sc is), it will alter convection in the tropics, which could have a larger effect on the radiative forcing than the original change in the Sc had.


	We agree that there are many possible  ramifications that must be studied before deployment but this should not prevent work on studying them.

	20. The properties of cloud and convection and their feedback on climate are not well understood enough to justify such an interventionist approach.
	Then they should be and it is a major part of the proposed programme to understand them. Not understanding something is no reason to stop money being spent on achieving understanding.



	21. Even if such a project proves to be a valuable solution, there would be serious (scientific) difficulties to define this in terms of equivalent GHG emissions. 


	We agree. But the uncertainty about the effect of CO2 on world temperatures is greater than the uncertainty of the effect of changes of droplet concentration on reflected solar energy. If albedo control works, we do not have to define any equivalent to greenhouse gas emissions. 



	22. An emission reduction today would be felt in terms of CO2 concentrations for as long as a century. This means that to be equivalent to a CO2 emission reduction, the albedo control has to last for that long.


	Yes. We agree that we will have to operate albedo plant for as long as the effects of CO2 emissions remain even if all of them were to stop tomorrow. We can make it last just as long as we choose and stop operation within a few days if necessary.




	23. One may even argue that the emission reduction achieved today will last for many future years (as many years as it would have taken to decrease the emissions naturally, e.g. because a technology would have come anyway or because we are running out of oil).


	Again we agree but what emission reduction? Last year total world fossil fuel consumption went up 4%.  Coal use increased by 6%.  Atmospheric CO2 rise was 2.5 parts per million. Running out of oil will mean that many countries will burn more coal so CO2 emissions will increase.  Cooling today will last for many years if it saves ice cover and keeps methane in permafrost.



	24. In that case the albedo control has to be achieved for an even longer period than a century to be considered equivalent to an emission reduction.


	Agreed.  We must design ships to last as long as possible. This implies careful design and testing which takes money and time and so should be started as early as possible with sufficient money.  

.

	25. Salter says that his technology is reversible. Actually the technology is reversible but the trading against CO2 emissions is not. If you have traded an albedo control against CO2 emissions, one can always stop the albedo control, but one cannot soak up the CO2 emissions which have been emitted instead!
	Why do you use the word ‘instead’? You seem to imply that we want to stop efforts to reduce CO2 emissions and replace them with albedo control.  This really hurts.  Stephen Salter has been trying to work on renewable energy since the first energy ‘crisis’ in 1973. It is because of the time wasted by Harwell and the Department of Energy that renewables are probably not going to be developed in time.  

Albedo control is a backup plan to prevent the catastrophes which are about to hit us because of the very large increase of CO2 from developing countries.  A research programme which failed will still teach us many useful things about meteorology and atmospheric physics which you say are unknown.  A research programme which succeeded in preventing the thermal results of global warming would have an unprecedented return on investment.  




A metaphor for the present situation is that humanity is riding along a bumpy, downhill slope on a vehicle which has no brakes or steering. The downward slope is increasing and a growing number of people fear that they are close to a cliff edge. Somebody suggests that they should try to design brakes and steering mechanisms and make an attempt to control the vehicle.  The Hadley Centre objects to anyone thinking about brakes and steering on the grounds that they do not properly understand the bumps and ditches which lie ahead and would not know how to drive.
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