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Abstract Nocturnal Warming is a frequent weather phenomenon in Hebei Winter Olympic Games
area, and its accurate simulation and forecast is very important for the construction of the
competition area and the guarantee of the competition. By introducing the higher resolution terrain
data, the mesoscale regional numerical model WRFv4.1.5 was used to reproduce the nocturnal
warming process, and the meteorological characteristics and causes of the process were explored.
The results show that: the process is affected by the northeast cold vortex, the cold advection is
significant at the middle and upper levels, the wind shear is strong at the high and low levels, and
there are obvious advection differences. At the same time, the variation characteristics of
meteorological elements near the surface are obvious, including the decrease of relative humidity,
the increase of wind speed, the decrease of sea level pressure, the enhancement of surface heat
flux and long wave radiation, etc. In addition, the strong wind shear and advection difference
between the upper and lower levels are easy to produce vertical mixing. The isentropic surface
fluctuation is obvious, and the turbulence is strengthened, which further strengthens the turbulent
vertical mixing movement, enhances the moving heat flux transport, and produces the abnormal
increase of night temperature.

Keywords: Nocturnal warming, Winter Olympic Games area, High resolution numerical
simulation, Vertical mixing
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Fig.1 Topographic comparison map of Chongli Winter Olympic Games area in Hebei Province: (a)
model default elevation data; (b) aster third edition elevation data, unit: m.
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Fig.2 Geographical distribution and automatic stations of temperature increase in Winter Olympic
Games area from 0800 BT 8 February to 0800 BT 9 February 2020:(a)cumulative
temperature increase amplitude and location distribution of measured stations; (b)hourly
variation curve of temperature at measured stations
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Fig.3 (a)500hPa (c)700hPa (e)850 hPa (g)1000 hPa at 1400 BT 8 February 2020 and (b)500hPa
(d)700hPa (f)850 hPa (h)1000 hPa at 2000 BT 8 February 2020 weather situation map, the blue
line is the geopotential height, unit: 10! gpm; the red line is the temperature, unit: °C; the arrow is
the wind field, unit: m/s; the orange thick line is the trough line.The dot area is the jet flow area,

unit: m/s, (a) and (b) is 200 hPa upper level jet, (c) and (d) is 700 hPa lower level jet.
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Fig.4 Sounding curve of Zhangjiakou station at 2000 BT 8 February 2020
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Fig.6 (a) shows the absolute deviation of simulated 24h average temperature of 15 stations in the
competition area (from 0800 BT 8 February to 0800 BT 9 February 2020), and (b, ¢, d) shows the

hourly comparison of simulated and measured temperature of Dongliang NO.1, Yundingshandi
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February 2020.
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Fig.7 The difference field of near surface meteorological elements between 0100 BT and 0200 BT
9 February 2020(a)2m temperature, unit:°C, (b)2m relative humidity, unit: %, (c) sea level
pressure(coloring), unit: hPa,(d)10m wind speed (coloring), unit: m/s; surface 10m wind field(c)at
0100 9 February 2020(arrow),(d)at 0200 BT 9 February 2020(arrow). The black dot is the
automatic station, and the black box is the scope of Winter Olympic Games area.
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Fig.8 In Winter Olympic Games area (black box in Figure 7), the regional average (a) horizontal
wind field and vertical velocity evolution with time (wind plume: horizontal wind field, unit: m/s,
color filling: vertical velocity, unit: m/s), (b) temperature advection time height profile, unit:
10-3°C/s, (c) vertical movement time height profile, unit: 10-2°C/s.
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Fig.9 The curve of surface energy and radiation with time in the abnormal warming area of Winter
Olympic Games area:(al) the blue line is the latent heat flux; the red line is the sensible heat
flux;(a2) the blue line is the long wave radiation to the ground; the red line is the short wave
radiation to the ground, unit: w/m2, And (b1) the sensible heat flux, (b2)the latent heat flux and
(b3)the long wave radiation difference between 0100 BT and 0200 BT 9 February 2020 in Winter
Olympic Games area, w/m?2.
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Fig.10 Vertical profiles of different meteorological elements at Dongliang No.1 station: (a) air
temperature, unit: °C; (b)dew point temperature, unit: °C;(c) potential temperature, unit: K; (d)
specific humidity, unit: g / kg.
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area.
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