Geoengineering: Can we? Can we not?
Once in the realm of grandiose schemes for Russia to make its realm warmer and more congenial, geoengineering is now being proposed by serious climate scientists such as James Hansen and Paul Crutzen [1]. Their reasoning: given the glacial pace toward a binding international treaty to curb emissions and the rapidly diminishing space remaining in our species’ atmospheric carbon budget then this might be necessary to avoid catastrophic climate change. 
Several crucial riders have been identified. Firstly geoengineering cannot be an alternative to abating carbon emissions. It must be fair, that is must not give one country or corporation power over another. Any geoengineering project must be safe, where safe is less dangerous that runaway climate change. These are big sticking points. Finally any proposal must be feasible both technically and financially.

The proposals fit into two broad categories: those that take CO2 out of the atmosphere and those that reduce incoming solar energy by increasing reflection of incoming sunlight. Taking CO2 out of the atmosphere can be done technologically or biologically. Changing earth’s reflectivity is all technological, even if some methods use pale plants [2] 
.
Carbon Dioxide Removal (CDR) methods fall into two categories: changing land use and forestry practice, and capturing and storing carbon. Stopping deforestation and replanting forests is cheap, practical, addresses other environmental problems and has minimal side effects. Capturing carbon by growing plants and sequestering it as biochar or as wood products is also straight forward. Technological carbon capture and sequestration (artificial trees) is also under study. Enhanced weathering of suitable rocks on land or at sea and various ocean fertilization methods are more expensive and environmentally risky propositions at this stage.
Solar Radiation Management (SRM) divides into land, sky and space based techniques. Painting roads and house roofs white may work to reduce urban heat island effects but is expensive and very local in effect. Enhancing cloud albedo is cheap, regional, useful and low risk. Changing desert reflectivity by putting reflective materials out or planting pale coloured crop species are other safe if limited options. Stratospheric aerosols are relatively cheap but uncertain in their effects. It may however be the most effective, technically, and quick to stop. Mirrors in space are relatively expensive and hard to get rid of. All SRM would need to be ongoing, for decades for centuries, raising serious capacity and governance issues.
The major differences between the two approaches are to do with addressing the basic problem and side effects, time scale, cost and risk and reversibility. Removing CO2 directly addresses the excess CO2 driving climate change, ocean acidification and other problems arising from too high concentrations of CO2. Planting and managing forests can start immediately but will be slow, taking years to decades. Artificial trees are a while away.
While SRM can occur over years or less, and for many options be turned off in weeks, it does not address excess CO2 and its other effects. The technologies are also years away from deployment. Many are inherently more risky than capturing CO2 because of possible global and regional effects on climate. The governance issues are therefore more thorny. A summary of cost effectiveness and risk is given in Figure 1 [3, p.7].
In fact multiple types of geoengineering may be necessary. Although CO2 drawdown is essential in the longer term [4] if it appears that we are approaching a tipping point, assuming we can recognise this, then more immediate measures to reduce incoming solar energy may have to be used. It then becomes a harm minimisation strategy, balancing the long term interests of preserving our civilisation with risks of further damage from ‘the cure’. 
For this reason, and because the governance and technical issues cannot be resolved quickly, the Royal Society and others (Schneider, 2008) recommend research into all the methods, at the same time as building international structures for governance of the research, development and if necessary deployment.
We can immediately start planting trees, stop taking them down, store carbon in wood.  But to protect humanity, can we not explore the geoengineering options at the same time? Given emission rates and the stock of carbon in the atmosphere, we have to.
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There s a huge range of geoengineering proposals on the table, each with

its ownrisks, costs and potential effectiveness
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Figure 1

� The Royal Society Report is the basis of the majority of this article.





