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Abstract A series of persistently extreme hot days, which broke the historical record for length, was experienced by
Yunnan province from April to June 2019 and induced a severe local drought. Based on the daily in-situ surface air
temperature in China, JRA-55 reanalysis datasets, and outputs from the Community Earth System Model Large Ensemble
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(CESM-LE) Project, we investigate the general circulation regime related to the hot weather in Yunnan and discuss the
possible causes of these persistently hot days in 2019. Our results indicate that lower- and upper-level strong anticyclonic
circulation anomalies directly result in the local hot weather, which induces adiabatic warming in a descending motion
and enhances solar radiation heating at the surface. The anticyclonic anomaly is a node of high and mid-latitude eastward-
propagating wave trains originating from the North Atlantic. The 2019 April-June mean temperature and associated
anticyclonic anomalies were the highest recorded since 1961. The anthropogenic contribution to the magnitude of this
2019 temperature anomaly was approximately 37.51% and the occurrence probability of extreme-high-temperature events
analogous to or higher than those of 2019 is 56.32%, with an important impact of internal variability. The negative phase
of the Arctic Oscillation (AO) and warm phase of El Nifio and the Southern Oscillation (ENSO) are important external
forcing factors responsible for the persistent anticyclonic anomalies over Yunnan from April to June 2019. The negative
phase of the AO causes a southward shift of the positive geopotential height anomalies over the Arctic at the longitudes of
Eastern Europe, and favors a high-latitude wave train and an anticyclonic anomaly over Yunnan. The warm phase of
ENSO enhances the western North Pacific anticyclone and favors its westward shift, which leads to the persistence of the
anomalous anticyclonic circulation over Yunnan. Under the recent global warming conditions, the negative phase of the
AO and the warm phase of ENSO jointly reinforce the intensity and duration of the anomalous anticyclonic circulation
over Yunnan, which result in frequent and persistent occurrences of the record-breaking extremely high temperatures and
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the severe drought event in 2019.
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Fig. 1 (a) Stations with a daily maximum surface air temperature (SAT) from April to June 2019 that broke historical records (red dots) and exceeded

the threshold of extreme temperature (blue dots) over China. The threshold of extreme temperature is defined as the 95th percentile of the daily
maximum SATs for the base period. Shadings indicate altitude (units: m). (b) April-June mean daily maximum SAT anomalies (units: °C) for 2019. (c)
Daily maximum SAT averaged for Yunnan from April 1 to June 30. The red curve corresponds to 2019, gray curves show results for 1961-2018, and

black curve is the daily climatology
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Fig.2 (a) Mean frequency of hot days (color dots; units: d a ') over
Yunnan during 1961-2019. Shadings indicate altitude (units: m), the
black circle, square, and triangle denote the Kunming, Yuanjiang, and
Yuanyang stations, respectively. (b) Pentad frequency of accumulated
occurrence of regionally extreme hot days during 1961-2019 in
Yunnan. Red and blue lines indicate the pentad climatology of daily

maximum SAT and precipitation averaged in Yunnan
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Fig. 3 Anomalies of daily mean SAT (units: °C) for regionally extreme hot days in Yunnnan derived from (a, b) stations and (c, d) JRASS reanalysis

data. (a, ¢) Composite anomalies for 306 regionally extreme hot days from April to June duringl961-2018; (b, d) composite anomalies for 39

regionally extreme hot days from April to June 2019. Solid circles in (a, b) and white dots in (c, d) indicate significance at the 0.01level
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Fig. 4 Atmospheric circulation structure for regionally extreme hot days in Yunnan: (a, ¢, ¢) Composite anomalies for 306 regionally extreme hot

days from April to June 1961-2018; (b, d, f) composite anomalies for 39 regionally extreme hot days from April to June 2019. (a, b) 200-hPa

geopotential height (shading, units: gpm) and horizontal wind (vector, units: m s '); (¢, d) 500-hPa geopotential height (shading, units: gpm) and

horizontal wind (vector, units: m sfl); (e, f) sea level pressure (shading, units: hPa) and 850-hPa horizontal wind (vector, units: m sfl). Vectors are

shown in black when significant at the 0.01 level in at least one direction
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Fig. 5 Vertical cross-section of anomalous winds for regionally extreme hot days in Yunnan: (a, ¢c) Composite anomalies for 306 regionally extreme

hot days from April to June 1961-2018; (b, d) composite anomalies for 39 regionally extreme hot days from April to June 2019. (a, b) Composite

anomalies ofzonal wind and vertical velocity averaged along 21°N-30°N. (c, d) Composite anomalies of meridional wind and vertical velocity

averaged along 97°E—107°E. Shaded area is vertical velocity (units: 102 Pas ), vectors are shown in black when significant at the 0.01 level in at least

one direction, green lines in (a—d) indicate the latitude and longitude of Yunnan
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when significant at the 0.01 level
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Fig. 7 (a) April-June climatological distribution of the vertical integration of moisture flux during 1961-2018. (b) Composite anomalies of the
vertical integration of moisture flux and moisture content for 306 regionally extreme hot days from April to June during 1961-2018 period.
(c) Composite anomalies of the vertical integration of moisture flux and moisture content for 39 regionally extreme hot days from April to June 2019.
Units of the vertical integration of atmospheric column moisture flux (vector) and moisture (shading) are kg m's" and kg m_z, respectively. In (b) and
(c), shading is stippled with white dots when significant at the 0.01 level and vectors are shown in black when significant at the 0.01 level in at least

one direction
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Fig. 11

(a) Time series of anomalies of April-June mean daily maximum SAT (7imax) and hot days averaged over Yunnan, normalized anomalies AO

index, and Niflo 3.4 index. Black lines denote the linear trends of 7. and hot days. (b) Scatterplot of normalized anomalies of April-June mean Nifio

3.4 index and AO index, blue dot indicates that for 2019. Blue stars in (a) and (b) indicate years with April-June mean daily maximum SAT values

warmer than norm 0.5 standard deviation
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