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Text.S1 Stochastic versus deterministic on real historical precipitation 

Here, the simulations based on the ERAI predictors are presented (Fig.S1). The ensemble 

means of the multiple stochastic simulations (1000 times, produced by the two-model scheme) were 

used to compare with the observations (Fig.S1 (b)). The results indicate that such ensemble mean 

values well match the deterministic outputs of the single-model scheme, for the Beijing station. For 

other stations, the ensemble means of stochastic outputs reasonably differ from the single-model 

deterministic ones, but both of them generally share similar variations. For the Urumqi station, the 

simulated precipitation amount is highly underestimated, but the interannual variation is reflected. 

Thereafter, considering the single-model scheme can produce similar variations as that done by the 

two-model scheme, the single-model scheme is used for further analysis in this study. This single-

model scheme uses thresholds to determine whether one day is wet or dry and can effectively 

simplify the modeling process when compared with the two-model scheme.  

In order to compare the performance of the two schemes, CCs were calculated from the 

simulated result and the observation on annual total summer precipitation series. The annual 

total precipitation of stochastic outputs was calculated by summing the daily stochastic 

values. Annual total precipitation for summer was obtained by summing the above daily 

stochastic (for the two-model scheme) or deterministic outputs (for the single-model scheme). 

This process was repeated multiple times for the stochastic ones, and finally an ensemble 

annual outputs were obtained, then the average annual series of annual totals were used in 

calculating CC. The spatial distribution of the CCs is shown in Fig.S2, which shows very 

similar patterns. For the stochastic simulation, each time the CC has a different value to that 

in another simulation, theoretically. In Fig.S2(c-d), both the simulations showed that a large 

part of the stations get smaller CCs from the deterministic models than that from the 

stochastic models (ensemble). Most such cases happen at the sites with CCs smaller than 0.5, 

which implies that the ensemble stochastic models are generally better than the deterministic 

models at these sites. However, at some of the stations, the stochastic models also get smaller 

CCs than that of the deterministic models. In summary, the two-model stochastic scheme has 

no overwhelming advantage over a single-model scheme, and the difference of performance 

is site dependent. Similar effect is also shown in the quantile-quantile plots (Fig.S3). 

According to Fig.S3, large biases exist in the downscaled precipitation at many sites, for 

example, for the station Urumqi, Hanzhong and Tulihe. For OGB-PP, underestimation of 

precipitation is usually a common problem (Maraun et al., 2010), therefore, sometimes 

inflation factor is needed to enlarge the variance of the simulated values. 
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Text.S2 Correlations between the OGB-PP results and the BC-MOS results 

Theoretically, when the OGB-PP and the BC-MOS are both based on the same 

circulation, the downscaled daily precipitation should have similar variations. The CCs were 

calculated between the outputs of OGB-PP and that of BC-MOS, based on the annual total 

summer precipitation (Fig.11). Most of the CC values are larger than 0.4 across China, but the 

spatial patterns based on different GCM simulations are different. Based on all the three GCM 

simulations, the stations in northern China got comparatively large R values, and some 

stations on the Qinghai Plateau and southwest China got comparatively small R values.  
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Fig. S1 Stochastic two-model scheme (in ensemble mean) versus the deterministic one-model 

scheme. Annual series of summer rainy days (left panel: a, c, e, g, i) and summer total 

precipitation (right panel: b, d, f, h, j), simulated based on the training datasets (ERAI). The 

output of GLMs are always has an underestimation of annual precipitation, the simulation can 

be inflated by a factor for all stations to make a clear comparison on the interannual 

variations.  
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Fig.S2 CCs between the OGB-PP simulated precipitation (driven by ERAI, 1979-2016) and 

the observed on an annual (the summer total precipitation) basis. (a) calculated between the 

stochastic ensemble mean and the observation; (b) calculated between the deterministic 

output and the observation. (c) the CCs of one ensemble stochastic simulation versus the CCs 

of the deterministic output, and each dot represents a pair of CCs for a site. (d) similar to (c), 

except the CCs were obtained from another ensemble stochastic simulation. The reason why 

two cases (two stochastic simulations) are presented here is that for each site, a different CC 

is produced in each time of ensemble stochastic simulation, thus two simulation cases can 

give more convincing effect of comparison.  
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Fig.S3 Quantile-quantile plots, the simulated daily precipitation (by the OGB-PP downscaling 

models driven by ERAI predictors, 1979-2016) versus the observed ones 

 

 

 

Fig.S4 Pearson’s CCs between the downscaled annual summer precipitation from the OGB-

PP (based on the QM correction on predictors only) and the BC-MOS (based on the QM 

only).  
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Fig.S5 Relative change (Rq95, unit: %) of the daily precipitation at 95% quantile of 2060-2099 

relative to 1960-1999, downscaled from RCP4.5 simulations. The MOS/LT is not listed here 

considering that the linear correction will produce the same percentage change as the original 

precipitation.  
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Fig.S6 Similar to Fig.S5, but for the change of the longest length of dry spells (Cdds, unit: 

day).  
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Fig.S7 Trends in PP predictors (annual summer mean sea level pressure, relative humidity 

and temperature difference, all bias corrected by LT) from three GCMs and two sites 

(Yangjiang and Beijing) 
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