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Analysis of the Causes of Sudden Decrease in
Precipitation in Southwestern Yunnan during
May to June in the 2010s

Abstract: The period of May to June marks a critical transition from the dry season to the rainy season in Yunnan,
where the amount of precipitation during this time significantly impacts local agricultural production and the
ecological environment. Furthermore, it serves as an important indicator of the early or late onset of the rainy
season. This study examines the variability characteristics of precipitation in Yunnan during May to June, utilizing
observational precipitation data from 1971 to 2022 along with concurrent NCEP/NCAR reanalysis data. Our
analysis reveals a significant decreasing trend in the cumulative precipitation in southwest Yunnan from May to
June, with a climate change point occurring in 2009, followed by a marked reduction after 2010. Further
investigation indicates that the warm anomaly sea surface temperature (SST) in the tropical western Indian Ocean
weakens the divergence at 200hPa and convergence at 700hPa over the northern Indo-China Peninsula and
Yunnan, hindering vertical atmospheric uplift and precipitation. Additionally, it causes a positive anomaly in the
500hPa height field over Central Asia and the Bay of Bengal, weakening the cold air from mid-to-high latitudes
and the southwest airflow ahead of the southern branch trough, thereby inhibiting the formation of precipitation
weather processes in southwest Yunnan. Concurrently, an anomalous anticyclonic circulation emerges from the
South China Sea to the Indo-China Peninsula in the lower atmosphere, resulting in anomalous northwest winds in
Yunnan and a weakened moisture transport from the southwest winds, further contributing to the decrease in

precipitation in southwest Yunnan from May to June. The continuous increase in the SST of the tropical western



Indian Ocean and its abrupt warming in the late 2010s are identified as the key drivers for the abrupt decrease in
precipitation in southwest Yunnan.
Keywords:Southwest Yunnan; precipitation in May and June; sea surface temperature in the western tropical

Indian Ocean; atmospheric circulation; water vapor transport
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Fig.1 The topography of Yunnan province and Selected Meteorological Observation Sites (The area enclosed by
the solid black line represents southwest Yunnan)
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Figure 3: Interannual variation of cumulative precipitation anomalies (a) and Mann-Kendall (MK) test results (b)

in southwest Yunnan from May to June, 1971-2022 [Precipitation unit: mm]
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Figure 4: Correlation coefficients between precipitation in southwest Yunnan from May to June during 1971-2022
and divergence at 200hPa, as well as geopotential height at 500hPa (a-b), and correlation coefficient vectors with

wind fields at 700hPa and 850hPa (c-d). The dotted areas and red wind vectors represent correlations that have



passed the 95% confidence level test. The solid black line in (a) represents the characteristic line of the South
Asian High at 200hPa, indicating its climatological mean position, while the solid black line in (b) represents the
climatological 500hPa contour line. Values represent average geopotential height in dagpm.
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Figure 5: Average Divergence Fields at 200hPa and Average Geopotential Height Fields at 500hPa from
1997-2009 (a, c) and 2010-2022 (b, d), along with the Difference in Average Divergence Fields at 200hPa (e) and
the Difference in Average Geopotential Height Fields at 500hPa (f) between 2010-2022 and 1997-2009. The dotted
areas in the figure represent regions that have passed the significance test for interdecadal differences at a 95%

confidence level. [Units: Geopotential Height in dagpm, Divergence in 10-/s]
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Figure 6: Average wind fields at 700hPa and 850hPa from 1971 to 2022 (a-b), and the difference in average wind

fields at 700hPa and 850hPa between the periods of 2010-2022 and 1997-2009 (c-d) [units: m/s].
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Figure 7: Correlation coefficient R between precipitation in southwest Yunnan during May-June (a) and the
average sea surface temperature (SST) in the key region (b) with the SST in the Indian Ocean and Pacific Ocean
from 1971 to 2022. The dotted regions in the figure indicate areas where the correlation is statistically significant
at the 95% confidence level. The black dashed box in (a) outlines the key region (50°E~95°E, 20°S~20°N) and
R<-0.5, while the black solid box in (b) outlines the area where R > 0.8.
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Figure 8: Correlation Coefficient Distribution of Sea Surface Temperature with 200hPa Divergence and 500hPa
Geopotential Height in the Key Region (50°E-95°E, 20°S-20°N) during May to June from 1971 to 2022 (a-b),
along with Correlation Coefficient Vectors of the Average Wind Fields at 700hPa and 850hPa (c-d). The black
solid line in (a) represents the multi-year average 200hPa characteristic line of the South Asian High (SAH),



indicating its climatological mean position. The black solid line in (b) depicts the climatological 500hPa contour,
with values representing the average geopotential height in dagpm units.
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Figure 9: Five-Year Moving Average of Standardized Time Series of Sea Surface Temperature in the Key Region
of the Tropical Western Indian Ocean (50°E-95°E, 20°S-20°N) and Precipitation in Southwestern Yunnan from
May to June (a), along with the Mann-Kendall (MK) Climate Change Detection Test (b)
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