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The goal of the ERC-funded QUAERERE project is a better assessment of the effective radiative 
forcing by aerosol-cloud interactions mainly from satellite data, with support from modelling.

In some deviation from the initial plans, we carried out in the reporting period mainly two studies: 

(i) a deepened understanding of the adjustments of liquid-water clouds via the “lifetime effect”. 
This follows up on the studies already reported on last year, where the autoconversion rate was 
scaled down. In a more realistic setting, the threshold in effective radius when autoconversion 
starts is now considered (Fig. 1; see also Suzuki et al., 2013). As seen, a more realistic (larger) 
critical effective radius leads to a more realistic pattern of warm-rain fraction.

(ii) we investigated the radiative forcing by aerosol-radiation interactions (“direct effect”) that to a 
large extent is affected by aerosol swelling (e.g. Quaas et al., 2010). The idea was to make use 
of the subgrid-scale variability of relative humidity (e.g., Quaas, 2012). Aerosol optical properties 
(aerosol optical depth in particular) are now considered from the probability density function 
(PDF) of the relative humidity in clear sky, drawing from the PDF consistent with the model’s 
cloud scheme (stochastic parameterisation). This is useful since aerosol swelling is strongly non-
linear in relative humidity. The results are summarized in Table 1. Many of the relevant quantities 
change. The most striking result is that the present day – pre-industrial difference in clear-sky 
radiation (“aerosol direct effect”) changes by more than 50%. This is because anthropogenic 
aerosols are disproportionally hydrophilic. The results are submitted in Petersik et al. (2018).
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Figures

Fig. 1: Warm-rain fraction in the ECHAM6-HAM2 model using varying thresholds in cloud droplet 
effective radius in the autoconversion parameterisation in comparison to the satellite-derived 
warm rain fraction (bottom right plot; Mülmenstädt et al., 2015).

Table 1. Changes of global mean values of optical and radiative variables due to the 
implementation of subgrid-scale variability of clear-sky relative humidity are listed. Uncertainties 
of the mean value are calculated for a 95 %-confidence interval on basis of yearly mean values 



from the temporal variability. Uncertainties of differences are added in quadrature. ω is the single 
scattering albedo and σ the effective extinction cross section. The indices KS, AS and CS stand 
for Aitken, Accumulation and Coarse mode. α is the Ångström exponent, SWnet the net short 
waveradiation and with index SWnet,cls the net short wave radiation in the clear-sky part. With 
the same meaning for the indices LW is the longwave radiation. TCC is the total cloud cover. 
Results are presented for present-day and pre-industrial emissions.


