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Abstract; Surface temperature normally decreases after sunset, but a great many night sudden intense war-
ming events were observed in winter in Beijing and the surrounding area, and the intense rise in tempera-
ture could be higher than 10 ‘C per hour. Such sudden warming events are aften followed by rapid tempera-
ture dropping, which would cause great difficulty in forecasting. This paper detailedly analyzes a rare in-
tense night warming event with the increase range of 12 C « h™', which was caused by a cold front passing
through Beijing and surrounding area over the night of 26 November 2010. Compared with the statistical
climatological results, the heating intensity and affected area this time are extreme rarely seen. The analy-

sis is based on the data of automatic weather stations, conventional surface stations and rawinsonde,
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meteorological observation tower, stationary meteorological satellite, and wind profiler, as well as the re-
analysis data of NCEP. The results show that, during the event, there was significant cold advection in
the lower troposphere, and significantly strong downward motion in the middle and lower troposphere il-
lustrated by diagnosed vertical velocity and the data from the satellite and the wind profiler. The temporal
evolution of both the meteorological tower observations and soundings in Beijing indicates that strong tur-
bulence existed in the boundary layer. Therefore, this rare warming event was caused by the significant
surface potential temperature differences between the plateau and the plain, the strong downward adiabatic
warming and the intense turbulent mixing with strong boundary layer jet. The estimation shows that the

turbulent mechanical mixing associated with the low-level jet could cause about 8 C increase in tempera-

ture. Finally, the conceptual model of this event is presented.

Key words: night sudden warming, strong downward motion, intense turbulence, cold front, foehn
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Fig.1 Nocturnal warming and meteorograms in
Beijing and surrounding area for the night of
26 November 2010 to the early morning of
the next day (a) temperature increase =8 C « h™'
(cross signs: locations of typical stations for time series of
temperatures in Fig. 1b, shaded area: topography);
(b) hourly temperature time series at typical stations;
(o) hourly variation of surface temperature,

dewpoint and wind at Haidian Station
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Fig. 2 Synoptic charts on 26 November 2010

(a) surface synoptic chart at 23:00 BT (black solid line: sea surface pressure; cold fronts, unit: hPa:

every 3 h surface fronts with labeled time; blue lines: every 6 h 850 hPa troughs with labeled time; square:

Zhangjiakou Sounding Station) ; (b) surface synoptic chart at 20:00 BT (black line: sea surface pressure, unit: hPa;

shaded area: surface potential temperature; thick black lines: 275 K potential temperature) ;

(¢) upper-level circulation chart at 20:00 BT (black solid line: geopotential height, unit: dagpm;

black dotted line; 700 hPa temperature, unit; C; arrow with black thick line; 500 hPa jet stream axis;
troughs at different levels, black thick line: 500 hPa, brown thick line: 700 hPa, blue thick line: 850 hPa,

green thick line; 925 hPa; black cold front; surface front at 20:00 BT; red thick line; vertical cross section)

(the red pentacle: the Beijing Observatory)
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Fig. 3 Vertical cross-sections of vertical velocity, potential temperature, and wind from 26 to 27 November 2010
(a) 20:00 BT 26 and (b) 02:00 BT 27 vertical cross-section along the red thick line shown in Fig. 2c¢ (dashed lines:
potential temperature, unit; K, shaded area: descending motion, wind barb: horizontal wind at different levels, black
asterisk: Beijing Observatory); (c) time-height section of Beijing Observatory from 08.:00 BT 26 to 14.00 BT 27;
(d) wind and vertical velocity from 08:00 BT 26 to 08:00 BT 27 from Yanqing wind profiler (54406)
(contour; vertical velocity, unit; Pa+ s '; wind barb: horizontal wind; brown thick line: trough)
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Fig.4 FY-2E satellite infrared image and brightness temperature at 22:30 BT 26 (a) and 02:00 BT 27 (b) November 2010
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Fig. 5

T-logp of Zhangjiakou and Beijing sounding at 08:00 BT 26 (a), 20:00 BT 26 (b)

and Beijing sounding at 08:00 BT 27 (c¢) (thick line on the right: temperature; dashed line on the left; dew point) ;
(d) vertical profile of observation time-height of iron tower from 21:00 BT 26 to 00:00 BT 27 November 2010

(black fine solid line: relative humidity with interval of 10% ; shaded area: temperature with 1°C interval; blue/green/red thick

solid lines: friction velocity calculated based on the ultrasonic anemometer observations at heights of 47 m/140 m/280 m, unit: m+ s ')
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sudden warming event in Beijing
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