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Supplementary Figure 1

Model assessment
Previous studies have validated the ability of GPCP, CMAP, and NCEP can capture the spatial and temporal variations of precipitation in East Asia and Europe, respectively1,2. Supplementary Fig. 1a-d present a comparison of the distribution of precipitation between these three data and that simulated by CAM5.1. The result shows that southern and southeastern Asia and central Africa experience heavy precipitation during summer (June-August), while precipitation over NWC is generally less and mainly concentrated in the western part. Precipitation is higher in the eastern and western parts of the Tibetan Plateau and lower in the central part3, and our simulations reasonably captures these characteristics. We also evaluate the model results for Eurasia at 850hPa using reanalysis water vapor and wind field data from ERA5 (Supplementary Fig.1e-f). The southern part of Asia is dominated by a strong southwesterly monsoon at 850hPa in summer, with water vapor content column up to 55 kg m-2. The Eurasian continent is dominated by a weak northwesterly wind at 850hPa, with a decreasing trend of water vapor content column from west to east, ranging from 20-30 kg m-2. In general, the spatial distribution of water vapor content simulated by the CAM5.1 is close to that of ERA5 data, so the model provides a reasonable simulation of the magnitude and distribution of water vapor content and the horizontal wind field over Eurasia.
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Supplementary FIG. 1. Comparison of CMAP, GPCP and NECP precipitation data (mm d-1, a-c), ERA5 water vapor column content (kg m-2) and 850hpa horizontal wind field (m s-1, e) and CAM5.1 simulated precipitation, water vapor column content and 850hpa horizontal wind field (d; f) for the summer period of 1982-2021
Supplementary Figure 2

Causes of differences in precipitation-conversion efficiency
Supplementary Fig. 2 provides further insight into the distribution of water vapor and precipitation over NWC. The water vapor transported from NA and EUP is primarily concentrated in the western part of the NWC, while the precipitation conversion efficiency in the northwest of the above area is low. This phenomenon occurs due to the influence of westerly flow around the plateau and the formation of anticyclones on the northern side of the plateau, which generate sinking air currents at around 200-850hPa. These sinking air currents inhibit precipitation production, despite the presence of a substantial amount of water vapor. In contrast, the water vapor amount transported from the STP and SEC is concentrated in the southeast of the NWC. The water vapor transported by the southwest airflow to the water vapor convergence area is conducive to the formation of precipitation, and the easterly water vapor transport is affected by the topography, forcing the warm and humid air to rise, which is conducive to the rapid formation of precipitation by the available water vapor. Therefore, the precipitation conversion efficiency is high here. 
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Supplementary FIG. 2. Horizontal divergence (s-1) and horizontal wind field (m-1) at 200hPa and 850hPa in the NWC during the summer of 1982-2021 (Horizontal flux dispersion and horizontal wind fields are averaged over 1982-2021)
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