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Abstract In this study, regional differences in precipitation between the northern and southern Tibetan Plateau (hereafter TP) are
analyzed based on the China gauge-based monthly gridded data (CNO0S5.1) and the precipitation dataset provided by the Global
Precipitation Climatic Center (GPCC) for the period 1979 to 2015. Responses of interannual variation in precipitation to the Arctic
Oscillation (AO) anomalies are explored using the methods of regression analysis and composite analysis etc. The results indicate
that there exists a close relationship between winter precipitation over the northern and southern TP and the AO. However,
interannual variations of precipitation in the northern and southern TP and their response mechanisms to AO anomalies are different.
Besides, the main synoptic systems that influence winter precipitation in the two regions are also different. The variation of winter
precipitation in the northern TP is mainly related to the East Asian winter monsoon, which weakens (strengthens) with southeasterly
(northwesterly) anomalies in the troposphere when the AO is in positive (negative) phase. The southeasterly (northwesterly)
anomalies are favorable (unfavorable) for water vapor transport from the western Pacific to the northern TP, leading to increases
(decreases) in precipitation there. In contrast, winter precipitation anomalies in the southern TP are mainly caused by the southern
branch trough. When the AO is in positive (negative) phase, the southern branch trough reinforces (weakens), which is (is not)
conducive to the transport of warm and moist water vapor from the Bay of Bengal to the TP and the convergence (divergence) in the
lower troposphere. Meanwhile, the ascending (descending) motion enhances, resulting in increased (decreased) precipitation in the
southern TP. In summary, the response mechanisms of winter precipitation in the northern and southern TP to the AO anomalies are
different in that the AO mainly affects winter precipitation in the northern (southern) TP by affecting the East Asian winter monsoon
(southern branch trough). Note that compared to positive AO anomalies, the impact of negative AO anomalies is more significant.
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Fig. 1 Distributions of correlation coefficients between AOI and winter precipitation based on CN05.1 dataset (a) and

GPCC dataset (b) from 1979 to 2015 (contour: correlation coefficient; gray shaded areas indicate the correlation coefficients

passing the 95% confidence level ¢ test; the black thick line represents the 2500 m topography height;
black thick solid box: North Tibetan Plateau, black dashed box: South Tibetan Plateau, the same hereafter)
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Fig. 3 Interannual variation curves of AOI, NPI and SPI in winters from 1979 to 2015 (a, the values in brackets are the
correlation coefficientsof AOI with NPI and SPI, respectively) and the scatter distribution of NPI and SPI

(b, the solid (hollow) point is the scatter distribution of NPT and SPI in the NPI positive (negative) phase,

and the solid (dashed) line is the linear fittings corresponding to the scatter)
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Fig. 4 Regression patterns of winter wind field at 600 hPa (a) and 200 hPa (b) against the NPI sequence, and that at
700 hPa (c) and 200 hPa (d) against the SPI series (unit: m/s, gray shaded areas indicate the zonal wind

regression coefficient passing the 95% confidence level 7 test)
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Fig. 5 Pressure-latitude cross-sections of the NPI sequence regressed onto winter (a) zonal wind (contour, unit: m/s) and (b)
meridional wind (contour, unit: m/s) with the meridional circulation (vector, unit: m/s, vertical speed multiplied by =500, only the
values passing the 95% confidence level ¢ test are plotted) over the TP (along 100°E ) (Gray shaded areas indicate the values passing the

95% confidence level ¢ test; black shaded areas indicate the terrain of the TP, The same hereafter)
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Fig. 7 Regression patterns of water vapor transport flux (vector, unit: 10 kg/(m-s-hPa), only the values passing the 95%

confidence level ¢ test being plotted) and water vapor flux divergence (shaded, unit: 10 kg/(m?-s-hPa)) at 600 hPa against
the NPI sequence (a), (b) is the same as (a), but for the regression at 700 hPa against the SPI series

(The dotted areas indicate the values passing the 95% confidence level 7 test)
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Fig. 8 Pressure-latitude cross-sections of composite differences of (a) zonal wind (unit: m/s) and (b) meridional wind

(unit: m/s) with the meridional circulation (vector, unit: m/s, vertical speed multiplied by —500, only the values passing the 95%

confidence level 7 test are plotted) along 100°E in winters of positive and negative AO anomalies, respectively

(Gray shaded areas indicate the values passing the 95% confidence level ¢ test)
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Fig. 9 Pressure-latitude cross-sections of multi-year average (a, b) and composite difference (c, d) of the pseudo-

equivalent potential temperature (a, c; unit: K) with the meridional circulation (vector, unit: m/s, vertical speed

multiplied by —500, only the values passing the 95% confidence level ¢ test being plotted) and specific humidity

(b, d; unit: g/kg) along the 100°E in years of positive and negative AO anomalies, respectively

(Gray shaded areas indicate the values passing the 95% confidence level ¢ test)
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Fig. 10 Composite anomalies of 700 hPa vector wind (vector, unit: m/s) and percentage precipitation anomaly

(shaded, unit: %) in winter in positive (a) and negative (b) AO years

(dotted areas indicate precipitation passing the 95% confidence level t test)
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