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Abstract Based on monthly precipitation datasets of the Global Precipitation Climatology Centre (GPCC) and the
Global Precipitation Climatology Project (GPCP) and daily ERA-Interim reanalysis data, characteristics of winter
precipitation over the western side of Tibetan Plateau (TP) from 1979 to 2012 and the impact factors of interannual
precipitation variability in this region are investigated in the present study. Results indicate that winter precipitation over
the TP mainly occurs over the western side and the principal spatial pattern is uniform. The moisture source for
precipitation is largely from upstream areas and enters the TP from the western boundary. However, the interannual
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variability of winter precipitation over the western side of TP is mainly explained by the dynamic component of the

moisture transport, which is featured by a southwesterly circulation anomaly over the western side of TP. Besides, the

interannual variability of winter precipitation over the western side of TP is more related to SST (sea surface temperature)
in the equatorial oceans than to the North Atlantic Oscillation (NAO) and the Arctic Oscillation (AO) over upstream
regions. The anomalous SST over the central and eastern tropical Pacific Ocean can affect the atmospheric circulation,

triggering anticyclonic anomaly over the northern Indian Ocean and southwesterly anomaly over the west side of TP,

which further enhance the dynamic process of moisture transport. Besides, under the influence of the tropical easterly

anomalies, warm ocean water is transported to the western Indian Ocean and accumulates there. The anomaly of the

equatorial SST also regulates the meridional location of the westerly jet, which further affects wintertime moisture

transport and interannual variability of precipitation over the western side of TP.

Keywords Tibetan Plateau, Winter precipitation, Moisture transport, Sea surface temperature anomaly
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Fig. 1 Climatological winter precipitation (units: mm d ') over the Tibetan Plateau (TP) based on (a) GPCC (Global Precipitation Climatology Centre) data

and (b) GPCP (Global Precipitation Climatology Project) data during 1979-2012. The black lines represent 2500-m topography height, the same below
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Fig. 2 (a) Spatial pattern of the first EOF mode of the winter precipitation over the western side of TP (28°—45°N, 60°—80°E), (b) normalized time series (red

line) of regionally averaged winter precipitation over the western side of TP and corresponding PC1 (principle component of EOF1) to Fig. 2a based on the
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Fig.3 (a) Vertically integrated moisture transport fluxes (vectors, units: kg m ™' s™') and their divergence (shadings, units: kg m > s "), (b) moisture budget over

the western side of TP (28°-45°N, 60°-80°E) (black arrows: moisture transport fluxes; red bold arrows: directions of moisture transport at each boundary;

s, (c) time series of the precipitation index (black) and moisture fluxes at the four boundaries over the
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western side of TP (28°-45°N, 60°-80°E) (red: south boundary; orange: east boundary; blue: west boundary; cyan: north boundary; values in brackets:

correlation coefficients of the precipitation index and moisture transport at each boundary) in winter averaged over 1979-2012
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precipitation based on (a, b) GPCC, (¢, d) GPCP datasets. Dotted areas indicate values passing the 95% confidence level
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Fig. 7 Interannual correlation coefficients between the winter precipitation index based on (a) GPCC, (b) GPCP datasets and winter SST over the western side

of TP during 1979-2012. Rectangles represent areas of high correlation coefficients, dotted areas indicate values passing the 95% confidence level
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Fig. 8 Interannual correlation between winter SST index in the central and eastern tropical Pacific Ocean and winter wind fields at (a) 200 hPa and (b) 850

hPa during 1979-2012. Shaded areas indicate values passing the 95% confidence level
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Fig. 9 Pressure—latitude cross sections of (a) climatological zonal wind (contours, units: m s ') and zonal wind differences (color shadings, units: m s')

between high and low winter SST years over the central and eastern tropical Pacific Ocean, (b) differences in specific humidity (units: g kg™') between high

and low winter SST years over the central and eastern tropical Pacific Ocean averaged over 55°—65°E during the winters of 1979-2012. Black shadings

indicate terrain, dotted areas indicate differences passing the 95% confidence level
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