Impact Plan

If fears about a failure to make sufficiently large reductions in green house gas emissions are justified then the beneficiaries of the research would be all plant and animal species which are slow to adapt to rapid climate change. During the Permian extinction which had a large methane release this was 90% of the total. It might be easier to list the people would not benefit. These are people involved in and supporters of the highly profitable but, so far, completely ineffective carbon-trading schemes  

The benefits are avoiding rising sea levels, habitat destruction, mass migration and food shortages due to temperature change. Cloud albedo control would be one of several geo-engineering techniques with the advantage that is can be deployed locally and stopped rapidly. Absence of prior experience makes the monetary costs of climate change difficult to quantify. However this has been attempted in a recent analysis by Bickel and Lane (2009) from the American Institute for Public Policy Research for the Copenhagen Consensus series. They put the benefit-to-cost ratio for cloud albedo enhancement at around 5000:1.  Their report is an attached paper.
Communications and engagement would be via conventional publications and conference presentations to decision makers and by more popular press radio and television to the general public. There has already been quite a large information flow in this area and already two books are in preparation by Kintish and Goodell.    However many beneficiaries would benefit from the reversal of climate change without being aware of it.  
Present collaboration with climate modelling people, Alan Gadian at the University of Leeds, John Latham and Jack Chen at NCAR, Phil Rasch of Pacific North Western Laboratories, Rob Wood at the University of Washington and Ken Caldeira at Stanford will continue aimed at a field experiment which would resemble the recent VOCALS project. This group has been building up informal collaboration over at least four years and is in almost daily communication by email. The Edinburgh contribution is the design of hardware for sea going spray equipment. The others are working with global climates models to predict the effects and suggest the best places and seasons for it use.   
A more recent relationship is with Esko Pettay of the Finnish Atmosmare Foundation. They are particularly concerned about the loss of Arctic ice and methane release. Pettay has visited Scotland to discuss our use of a Finnish research vessel.  Their site is   http://www.atmosmare.com/en/index.shtml. 
Full scale use of the technology would require international negotiations which are well outside the scope of the present proposal.  Present official policy is strongly against setting up a thermal trading market alongside the carbon trading market and so all of our many approaches to commercial bodies with regard to exploitation have, so far, been totally unsuccessful.  A series of provisional patents have been filed prior to all publications but, with no funding, all have been allowed to lapse and most of the information is in the public domain.  Until now impact activities have been carried out by the Principal investigator and this is likely to continue. The intense media interest in climate change means that there are no resource implications. There are also quite strong arguments against excessive publicity on the grounds that it might relax pressure to cut emissions.
Environmental impacts are not mentioned in the EPSRC advice but for this project are much more important than commercial ones. The immediate effect of increasing cloud albedo is a small reduction in sea-surface temperature below the treated cloud.  The oceans are a very large integrator of thermal energy and ocean currents are efficient at moving large amounts of heat round the world.  With knowledge of current directions we may be able to choose where the initial effects will occur and can use this to save ice or coral. But the laws of thermodynamics say that eventually heat diffuses everywhere.  As sea temperatures are themselves a driver of currents the problem of predicting where the effects will end up may be difficult but certainly not impossible.  If we get it wrong at first we can soon correct.  

The change in cloud contrast needed to save humanity is well below the detection threshold of the human eye for sharp-edged grey stripes.  The change in solar input is less than the change from cloud to clear sky and even less than from day to night.  Special computer image-processing methods will be needed to prove that the system is working and a simulated demonstration is given in a attached paper.  However we could argue that instead of cooling the ocean we are actually preventing the warming that would otherwise have occurred just as steering corrections prevent a vehicle from ending in a ditch which could be on either side of the road. 

The consensus of several estimates for sea salt flux to the atmosphere is 6.5 Giga tonnes a year, Grini (2001). Most of this is due to the bubbles produced by waves breaking on a beach and steep waves breaking in mid ocean.  It is the fraction of this salt that falls on land that keeps the salinity of the oceans so constant. If cloud albedo control was the only method used to offset the thermal effects of a doubling of CO2, it would be necessary to increase the salt flux by about 1%.  Almost all of this would be far out to sea. 

The greatest anxiety about side effects concerns changes to precipitation. At least seven mechanisms are involved. As so often in meteorology they work in opposite directions and we are ignorant of the polarity of the final outcome. If we understand them properly we may be able to achieve best results in different places by drying out wet regions and getting more rain to dry one. The mechanisms are:
1. The production of rain is very complicated but we know that it needs some large drops to fall through deep clouds fast enough to coalesce with drops in their path so that they grow large enough to fall fast enough to reach the ground without evaporating in the dry air below a cloud.  It is known that rain is less likely if there are too many small drops due to smoke and fine dust. This will happen as a result of cloud albedo control.

2. However if more small cloud drops means that there is less rainfall over the sea it follows that there will be more water left in the air mass when it reaches land.  The air mass will travel further inland before the original drop numbers are restored by coalescence. Rain inland is more valuable than rain at the coast.

3. Any reduction in sea temperature will tend to reduce evaporation and increase condensation from air back to the sea surface and this will reduce the water content of the atmosphere.  

4. But cooling the sea means a larger difference between the temperatures of sea and land and so more monsoon effect with stronger winds bringing more water to land masses. 

5. Wind is caused by differences in pressure which are a result of local temperature gradients.  Wind causes turbulence in the marine boundary layer. The relative humidity is very high in the stagnant layer of air at distances of millimetres above the sea surface but falls to around 65% a few metres above. Turbulence has a much greater influence on evaporation rate than water temperature.

6. Wind makes waves steeper. Spilling breakers mix the thin top layer of water that has been chilled by evaporation. Plunging breakers drive bubbles below the surface and throw spray above it to transfer more water vapour in the air.

7. Finally we know that the regions with the most severe drought problems are dry because air which has been dried by being high in the atmosphere is subsiding and moving out to sea.  This means what we do at sea cannot affect the very driest land.  

There have been several global climate models which confirm the predictions of Twomey’s work.  Jones et al. (2009) used a large increase in the concentration of cloud condensation nuclei applied to three of the most sensitive of sea area totalling just 3.3% of the world surface area. This achieved a global reduction of 0.97 ± 0.09 W/m2, about two-thirds of the change since pre-industrial times. While this intense spot treatment is scientifically interesting it would have been impossible to contain the spray to such a small area. It is quite is unlike the more gentle widespread treatment we are proposing.  The large local effect was as predicted but there were results in distant places which differed with seasons.   There was a reduction in rainfall of the Amazon basin, which is at present rather wet, coupled with an increase in precipitation in sub-Saharan Africa, Australia and Northern India, places which are dangerously dry.  In moderation such treatment are good but increases in precipitation are completely ignored by critics of geoengineering.

Treating the west coast of South America produced results similar to those of a la Nina event while treating the highly sensitive sea area off Namibia produced results similar to an el Nino.  Treatment of the western Pacific was not modelled but it may be that the judicious deployment of fleets might allow us to modify the balance of the two events.  If we understand these conflicting effects we should be able to select the seasons and places where spraying is done so as to reduce rainfall in regions liable to flooding and bring more rain to drought-stricken interiors. We can be guided by a comparison of the effects of the sea temperature changes caused by el Nino and la Nina events on world rainfall patterns.  We can also plan to get sea temperatures back to their pattern at a time we thought was satisfactory. The treatment of a wider area with lower dosage has been modelled by Phil Rasch of Pacific North Western and publications of his results is imminent. The changes were less than those of Jones and much less than those of increased carbon dioxide but no counter-measures. 

Bickel J.E., Lane L. An Analysis of climate engineering as a response to climate change. 
Copenhagen Consensus Centre, Copenhagen 2009. From http://fixtheclimate.com/component-1/the-solutions-new-research/climate-engineering/

Grini A., Myhre G., Sundet J.K., Isaksen I. Modeling the annual cycle of sea salt in the global 3D model Oslo CTM2: Concentrations,Fluxes and radiative impact. Journal of Climate vol. 15 pp. 1717-1730. 2002.

Jones A, Haywood J Boucher O. 2008. Climate impacts of geoengineering marine stratocumulus clouds. 

J. Geophysical Reseearch vol. 114, D10106, doi:10.1029/2008JD011450, 2009.
