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Abstract

To reveal the formation mechanism of heavy snowfall in the southern Qinghai-Xizang Plateau in late
winter and early spring and improve forecast accuracy, this study takes the regional heavy snowfall
event in southern Shigatse from March 2 to 4, 2024 as the research object. Using ERA5 reanalysis
data (spatial resolution 0.25°x0.25°; temporal resolution 1 h), surface and sounding observation
data (observation times at 08:00 and 20:00), combined with forecast products from four numerical
models including GERMAN, ECMWF, CMA-GFS and CMA-TYM, a systematic analysis was carried out
from four dimensions: circulation background, water vapor transport, dynamic and thermal mech-
anisms, and model forecast performance. The results show that: (1) This heavy snowfall was trig-
gered by the synergistic effect of the eastward movement of the 500 hPa southern branch trough
and the low-level southwest jet, under the favorable background of the “two troughs and one ridge”
meridional circulation in the middle and high latitudes, which provided conditions for the conver-
gence of cold and warm air masses. (2) Water vapor from the Arabian Sea and the Bay of Bengal was
continuously transported to the snowfall area via the southwest jet, with the whole-layer relative
humidity between 700 hPa and 250 hPa maintaining above 85%, combined with the strong diver-
gence field on the right rear side of the 200 hPa upper-level jet, a vertical circulation of “upper di-
vergence and lower convergence” was formed, inducing strong upward motion. (3) Sounding data
showed significant warm advection with wind turning clockwise with height; the establishment and
destruction of the inversion layer regulated the accumulation of unstable energy, which affected the
variation of snowfall intensity. (4) The special terrain of Nyalam and Gyirong has a significant pro-
moting effect on water vapor convergence and upward motion, and is an important factor for the
concentration of heavy snowfall areas. (5) All models had good consistency in forecasting the snow-
fall area, among which the GERMAN model had the closest prediction to the observed precipitation
magnitude, the ECMWF model overestimated the precipitation, and the CMA-GFS and CMA-TYM
models underestimated it. The research results can provide theoretical support and technical ref-
erence for the forecast and early warning of similar heavy snowfall events in the southern Qinghai-
Xizang Plateau.
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Figure 1. Precipitation observed from March 2 to 4, 2024
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Figure 2. 500 hPa circulation field from March 2 to 3
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Figure 3. 200 hPa circulation field from March 2 to 3
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Figure 4. Single-Station numerical model cross-sections of Gyirongand Nyalam (wind + temperature + relative
humidity + vertical velocity)
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Figure 5. Sounding data from March 2 to 3
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Table 1. Verification of snowfall area and magnitude forecast by each model
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Figure 6. Numerical model precipitation forecast with a 3-day lead time
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Figure 7. Short-range numerical model precipitation forecast
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