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Abrupt Decrease of Yunnan Summer Rainfall in the

Early 21st Century and Its Possible Reasons
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Abstract: Based on the observation data from 125 stations in Yunnan Province, the reanalysis data from
National Centers for Environmental Prediction/National Center for Atmospheric Research and the monthly
extended reconstructed sea surface temperature data from the National Oceanic and Atmospheric Adminis-
tration in 1960—2013, the variation of the Yunnan rainfall and its related atmospheric circulation were an-
alyzed. Major results are as follows: Yunnan rainfall experienced an abrupt decrease in 2002, which is
mainly attributed to the notable reduction of Yunnan summer rainfall. Further analyses verified that the
prominent decrease in Yunnan summer rainfall seems to be related to the intensified easterly of lower trop-
osphere and strengthened westerly of upper troposphere over tropical Indian Ocean. Besides, the increas-
ing temperature of the Asia continent in middle and high latitudes also play an important role in the abrupt
decrease of Yunnan summer rainfall.
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Fig. 1 Anomaly series and sliding movement #-test analysis of

the annual rainfall (a,b; unit; mm), the rainfall days over heavy rain (c,d; unit: d),

the rainfall days (e,f{; unit: d), and the non-rainfall days (g,h; unit: d)

during 1960—2013 from 125 stations in Yunnan Province

(Black solid lines denote anomaly series, black solid lines with circle denote sliding

movement /-test series, and heavy lines denote the 0. 01 level of significance)
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Fig. 2 Anomaly series and sliding movement z-check analysis of the spring rainfall (a,b),

the summer rainfall (¢,d), the autumn rainfall (e,f), and the winter rainfall (g,h) during

1960—2013 from 125 stations in Yunnan Province (unit; mm)

(Black solid lines denote anomaly series, black solid lines with circle denote sliding

movement /-check series, and heavy lines denote the 0. 01 level of significance)
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Fig. 3 The differences of the summer winds at 850 hPa (a,b,c), 700 hPa (d,e.f), 200 hPa (g,h,1)
between the two periods (a,d,g) 1960—2001, (b,e,h) 2002—2013 and the climatology,

as well as (c,f,1) the differences between the two periods (unit; m « s~ ')

(The black bold arrows denote the 0. 05 level of significance, the grey shadings

indicate the domain of the Tibetan Plateau, “A” denotes anticyclone, “C” denotes cyclone)
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Fig. 5 Anomaly series (a) and sliding movement z-check
analysis (b) of the areal mean 850 hPa zonal wind over
tropical Indian Ocean (0°—10°N; 50°—80°E)
(unit: m « s~ !, black solid lines denote anomaly series.,
black solid lines with circle denote sliding movement
t-test series, and heavy lines

denote the 0. 01 level of significance in Fig. 5b)
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(The black bold arrows denote the 0. 05 level of significance;

the grey shadings indicate the domain of the Tibetan Plateau)
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Fig. 8 (a) Regression coefficients of the summer
air temperature at 850 hPa against the Yunnan
summer precipitation index
(Areas covered by the black bold dotted lines
denote the 0. 05 level of significance; the grey
shadings indicate the domain of the Tibetan Plateau) ;
(b) anomaly series and (c) sliding movement ¢-check
analysis of the 850 hPa air temperature differences
between A and B (as shown in Fig. 8a) (unit: C)
(Black solid lines denote anomaly series,
black solid lines with circle denote sliding movement
t-test series, and red solid lines

denote the 0. 01 level of significance)
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Fig. 11 (a) Regression coefficients of the summer
local Walker circulation over tropical Indian Ocean
(composed by the zonal wind and vertical
velocity averaged in 5°S—10°N) against the
Yunnan summer precipitation index for 1960—2013
(The red shaded area is the ascending area, and
the blue shaded area is the descending area).

The differences of the summer local Walker
circulation over tropical Indian Ocean between
the two periods (b) 1960—2001, (¢) 2002—2013
and the climatology
(The black bold arrows denote the 0. 05 level of

significance; unit of the zonal wind is m » s~!;

unit of the vertical velocity is 1072 Pa+ s 1)
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