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SUPPORTING INFORMATION











1. Aerosol layer representation
Stratospheric aerosol geoengineering is modelled in two ways in this study: a reduction in total solar irradiance at the top of the atmosphere, and a prescribed, time-invariant, zonally symmetric distribution of stratospheric sulphate aerosol. In choosing a form for this distribution, we assume there exists some injection scheme which can maintain an aerosol layer in a steady state by injection of sulphate aerosol or a precursor gas like SO2. The spatial distribution of sulphate fulfils two criteria:
1. Peak mass mixing ratio at the injection point. This is because some aerosol mass is removed from the stratosphere by gravitational settling before it is transported polewards by the Brewer-Dobson circulation (as demonstrated in simulations with aerosol microphysical models [1], [2]). Therefore a constant flux of aerosol mass into the Tropics and a constant flux of aerosol mass polewards in the Brewer-Dobson circulation actually leads to a non-uniform aerosol distribution, due to depletion by the additional flux of aerosol mass into the troposphere by gravitational settling (once in the troposphere it is removed on timescales of weeks by wet deposition).
2. Aerosol at higher altitude in the Tropics and lower altitude at higher latitudes, reflecting the influence of the Brewer-Dobson Circulation (which has rising motion in the Tropics and transport to the poles).

We use an analytical function (consisting of a tanh function in the horizontal and a Gaussian in the vertical) to represent these characteristics. The distribution of aerosol mass mixing ratio M is:
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where  is latitude (in degrees) and z is altitude (in km). The two functions representing variations in latitude and altitude are:
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These functions have the following parameters:

 

The distribution is shown in Figure S1.

2. Sensitivity of classification of response to choice of threshold
The classification of the response to climate changes depends on the choice of threshold for which the changes are termed substantial. In the main article, the change is defined as substantial when the probability in increased of a single year exceeding 1 standard deviation (σ) of the interannual variability. Here we present results for when the threshold is 2σ (Figures S3 and S4).

When a more stringent threshold is used, a greater area experiences ‘benign’ geoengineering. This is because a smaller area of the planet experiences 2σ changes than 1σ changes in precipitation following a quadrupling of CO2. Thus, under this particular set of assumptions, geoengineering might not be considered worthwhile simply because the changes in precipitation patterns associated with CO2 are not that large. However, a 2σ change in annual-mean precipitation is very substantial due to the large interannual variability. These results illustrate the importance within this framework of selecting a threshold of substantial climate change which is physically-relevant and/or policy-relevant. Otherwise, the impacts may not be correctly classified.
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