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Impacts of Tibetan Plateau winter and spring snow depth anomalies on

summer precipitation in Yunnan and possible mechanism

ZHOU Binbin', WANG Youxiang®, CHEN Hong?, LIN Zhaohui’, ZHANG He? Wu Chenglai?,
Jiang Yan', CHEN Kai', ZHANG Congtong®
1 Yunnan Electric Dispatching and Control Center, Kunming 650011
2 International Center for Climate and Environment Sciences (ICCES), Institute of Atmospheric

Physics (IAP), Chinese Academy of Sciences, Beijing 100029

Abstract Based on snow depth dataset over China and CNO5 gridded precipitation
data over China, the relationship between Tibet Plateau (TP) snow depth and the
summer precipitation in the Yunnan Province are investigated by using Singular
Vector Decomposition (SVD) and correlation analysis. The results show that the
positive snow depth anomalies in the central and western TP during winter and spring
can enhance summer precipitation in Yunnan, especially in the Jinsha River basin and
the southwest of Yunnan, and the correlations between TP snow depth and Yunnan
summer precipitation may be independent of the influence of ENSO on summer
precipitation in Yunnan. The possible impact mechanism has been investigated
through the diagnostic analyses using ERAS reanalysis datasets, it is suggested that
heavier snow depth in the key region of the TP lead to the lower surface air
temperature in the central and western parts of the TP and nearby areas in spring,
which is conducive to the late onset of the South Asian summer monsoon, hence
weaker South Asian summer monsoon and the associated monsoon depression, along
with the abnormal westerly wind to the south of the TP. Furthermore, colder surface
temperature associated with heavier snow depth in the TP can also initiate the wave
train at 200 hPa, which propagate from the western part of the TP through Mongolia
to Northeast Asia along the westerly jet stream, and an anomalous cyclonic circulation
can be found in Northeast Asia, which is conducive to the southward movement of the
cold air in the middle and high latitudes, leading to more rainfall in Yunnan.

Meanwhile, wave train at the 850 hPa can also be found, which spread from the
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southwest side of the plateau to the South China Sea, leading to an anomalous
anticyclone circulation in South China Sea. The anomalous low level shear over
Yunnan is developed from the westerly wind on the south side of the plateau and the
southwesterly wind on the northwest side of the South China Sea anticyclone, which
is favorable for more precipitation in Yunnan. Meanwhile, cold air flows southward to
Yunnan and converges with warm and humid air, which also contributes to enhanced

summer precipitation in Yunnan.

Keywords Plateau Snow Cover, Winter and Spring Snow depth, Summer Rainfall,

Tibetan Plateau, Yunnan Precipitation
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(c) Time series of snow depth and rainfall
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Fig.1 Heterogeneous correlation of the first singular value decomposition (SVD)

mode between the Tibetan Plateau (TP) snow depth and summer precipitation in

Yunnan and the corresponding time series: (@) DJF TP snow depth, (b) summer

precipitation in Yunnan, (c) the corresponding time series of snow depth (red line) and
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rainfall (blue line). Regions above 95% confidence level are dotted in Fig (a) and (b).
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Fig.2 Heterogeneous correlation of the TP snow depth (left panel) and summer

precipitation in Yunnan (right panel) for the SVD first mode. (a,b) for JFM TP snow
depth and summer precipitation, (c,d) for FMA snow depth and summer precipitation.

Regions above 95% confidence level are dotted.
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Fig.3 Temporal correlation coefficients (TCCs) between summer precipitation in

Yunnan and snow depth index in DJF (a), and in FMA (b). TCCs with black dots are
statistically significant above 90% confidence level.
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Fig.4 TCCs between summer precipitation in Yunnan and (a) DJF, and (b)FMA snow
depth index after remove the effect of ENSO. TCCs with black dots are statistically

significant above 90% confidence level.
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Fig.5 Regression pattern of 700 hPa wind (vectors; unit: m s™*) and 500hPa

geopotential height (shaded, unit: 10gpm) in summer with respect to FMA snow depth
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index. Green dots denote where the regression coefficients exceed the 90%

confidence level based on Student’s t test.
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Fig.6 Regression pattern of vertically integrated water vapor flux (vectors; unit:

kg.m*s?) and divergence (shaded, unit: 10®° kg m?s) in summer with respect to FMA
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snow depth index. Green dots denote where the regression coefficients of water vapor
flux divergence exceed the 90% confidence level based on Student’s t test.
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Fig.7 Regression pattern of spring (a) near surface temperature and (b) 500hPa air
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temperature (unit: K) with respect to FMA snow depth index. Black dots denote

where the regression coefficients exceed the 90% confidence level.
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Fig.8 Regression pattern of summer (a) near surface temperature and (b) 500hPa

air temperature (unit: K) with respect to FMA snow depth index. Black dots denote
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where the regression coefficients exceed the 90% confidence level.

(a) TCC between SDindex_FMA and MAY snow depth (b) TCC between SDindex_FMA and JUN snow depth
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Fig.9 TCC between FMA snow depth index and snow depth in (a) May, (b) Jun, (c)

July and (d) August. TCCs with black dots are statistically significant above 90%

confidence level
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(a) Reg. JJA huv at 200hPa & SDindex_FMA
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Fig.10 Regression pattern of summer wind (vectors; unit: m s™) and geopotential
height (shaded, unit: m) at 200hPa (a) and 850hPa (b) with respect to FMA snow
depth index. Green dots denote where the regression coefficients for geopotential
height exceed the 90% confidence level based on Student’s t test.
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