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For method (ii) (see main text), because we do not 
know the exact pattern of anthropogenic warming 
to remove from the SSTs, 11 equally likely patterns of 
warming are obtained by calculating the difference 
between nonindustrial and present day simulations 
for available CMIP5 models (Taylor et al. 2012). We 
chose all those models from the CMIP5 archive that 
have at least three ensemble members in the nonin-
dustrial simulations (CanESM2, CCSM4, CNRM-
CM5, CSIRO-Mk3-6-0, GFDL-CM3, GISS-E2-H, 
GISS-E2-R, HadGEM2-ES, IPSL-CM5A-MR, IPSL-
CM5A-LR, and MIROC-ESM). As a result there are 
11 different initial conditions ensembles (“natural”) 
representing the analogous year in the counterfac-
tual experiment. These are forced with preindustrial 
atmospheric gas composition, the SSTs obtained by 
subtracting the CMIP5-estimates of the human in-
fluence on SST from the observed OSTIA SST values 
and the sea ice extent that correspond to the year of 
maximum sea ice extent in each hemisphere of the 
OSTIA record. The natural experiment has 7041 
ensemble members, the climatology of the current 
climate has 3816 members and the current climate 
of 2014/15 has 1045 ensemble members.

For (iii) we chose a subset of the CMIP5 ensemble 
that adequately represented the variability of precipi-
tation seen in the observed record. A Kolmogorov–
Smirnov (KS) test was employed to determine 
whether the model simulations do represented the 
variability seen in the observational record used in 
Fig. 8.1 in the main text. To account for the high lag 
correlations in the observed time series the degrees 
of freedom used to determine the significance of the 
KS-statistic were reduced accordingly. Models were 
deemed to have passed this test if, firstly, at least three 
historical simulations were available for analysis, and, 
secondly, no more than one of the three (or more) 
historical simulations was significantly different (p < 
0.05) from the observational time series. The follow-
ing models passed the test: ACCESS1.3, bcc-csm1.1, 
CCSM4, CNRM-CM5, GFDL-CM3, GISS-E2-H, 
GISS-E2-R, HadGEM2-ES, and MRI-CGCM3.

In Fig. S8.1 we show trends of the factors that influ-
ence evaporation in the CMIP5 ensemble. Tempera-
ture rises, but downward solar radiation at the surface 
stays roughly the same and relative humidity and soil 
moisture decline on average. The latter indicates that 
the lack of moisture availability limits evaporation, so 
that the negative trend in precipitation seen in many 
models also causes a negative trend in evaporation, 
leading to negligible trends in P − E.

Figure S8.2 shows maps of the observed trends up 
to the present and the CMIP5 mean trend up to the 
present and into the future for precipitation and P − E. 
All of these show drying north of the study area and 
wetting to the south. However, the observed trends 
are much larger than the modelled trends, although 
still within the bandwidth of the CMIP5 ensemble 
(around 90%, see van Oldenborgh et al. 2013a). The 
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modelled trends are also small compared to the natu-
ral variability; the shading indicates regions where the 
trend does not exceed one standard deviation of the 
natural variability in the trend. 

In Fig. S8.3 we show that in the precipitation trends 
up to the present, the natural variability dominates 
over the model spread. However, as trends in evapora-
tion tend to cancel trends in precipitation, the P − E 
natural variability is smaller and roughly equal to the 
model spread. For projections up to the end of the 
century the model differences dominate.

Figure S8.4 is similar to Fig. 8.2f in the main text 
but instead of contrasting the present (2006–22) with 
the world that might have been to highlight changes 
in drought hazard risk due to past anthropogenic 
greenhouse gas emissions here we look at changes 
due to past and future emissions. Even with the high 
forcing scenario RCP8.5 there is no clear signal of 
anthropogenic emissions increasing or decreasing 
the hazard analyzed in this study in the ensemble 
mean, although individual models do show increases 
and decreases.
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Fig. S8.1. Factors influencing evaporation. (a) Anomalous surface air temperature (°C) averaged over 
the São Paulo area (15°–20°S; 48°–40°W) simulated by CMIP5 models. The reference period is 1900–30. 
Black: historical runs, 1900–2005; blue: RCP4.5 extensions, 2006–30. (b) As in (a), but for net surface 
solar radiation (W m-2). (c) As in (a) but for relative humidity (%). (d) As in (a) but for soil moisture (%). 
Thin lines represent one ensemble member per model, the thick black line the ensemble mean. The 
box-and-whisker diagram on the right side indicates the 5th, 25th, 50th, 75th, and 95th percentile 
of the distribution of the 2001–30 30-yr mean relative to the 1901–30 mean; this includes both the 
remaining natural variability and the model spread (van Oldenborgh et al. 2013b).
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Fig. S8.2 (a) Observed linear trend in precipitation 1941–2010 in South America, the hatching denotes 
areas where the residuals of the linear trend fit are larger than the trend itself. (b) As in (a), but for 
the CMIP5 ensemble 1941–2013 used in van Oldenborgh et al. 2013b. (c) Projections 2014–2100 in the 
RCP4.5 scenario. (d)–(f) As in (a)–(c), but for P − E. As there are no observations for evaporation in (d) 
we used the ERA-20C reanalysis instead.
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Fig. S8.3. Distribution of CMIP5 trends up to the present in (a) precipitation and 
(b) P − E. (c),(d) As in (a),(b), but for the projections.

Fig. S8.4. Difference in mean P − E (mm day-1) below 
the 10th percentile for RCP8.5 scenario (2080–99 
minus 2006–22).
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