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Abstract To investigate the structure and evolution of urban breeze circulation in a mountain city, we used the Weather
Research and Forecasting model (V3.9) to simulate the typical urban breeze circulation from August 17 to 18, 2016 in
Chongqing. We also analyzed the turbulent kinetic energy and turbulent fluxes during this period. The results show that
the rural wind begins at 1500 BT (Beijing time) and increases as the heat island strengthens. The circulation reaches its
maximum at 1800 BT and subsides at 0200 BT the next day. At 1800 BT, the horizontal scale of the rural wind circulation
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is about 1.5-2 times that of the urban area, with a vertical scale of about 1.3 km, a horizontal wind speed of about 2—4 m sfl,

1

and a maximum rate of increase of about 0.5 m s . Due to the influence of the topography, rivers, and background wind,

the circulation is weak and has an asymmetrical structure. We also found the turbulent kinetic energy in urban areas to be

obviously larger than that in nonurban areas, which means that urban areas experience stronger transports of heat and

water vapor by turbulence. With respect to the relationship between turbulent fluxes and urban breeze circulation, we

found that the circulation of urban breezes transports water vapor from the suburbs to the city via turbulent motion, with

the turbulence supplying momentum for dissipation of the urban breeze circulation.

Keywords Complex terrain, Urban heat island circulation, Mountain—valley breeze, River—land breeze, Turbulent

kinetic energy, Turbulent flux
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Fig. 1 (a) Infrared cloud image obtained by the Himawari-8 satellite, (b) wind field (vectors, units: m sﬁl) and geopotential height field (contours,

units: dagpm) at 500 hPa from NCEP FNL 1°X 1° analysis data at 0800 BT (Beijing time) 17 August, 2016
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Fig. 2 2 m-height temperature (shaded, units: °C) and 10 m-height
wind field (vectors, units: m s ') observed at Chongqing automatic
stations at 1800 BT 17 August, 2016. The area surrounded by gray lines
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106.37°E); (c) land use categories in D4
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Table 3 Statistics for simulated and observed 2 m-height
temperatures from 0800 BT 17 August to 0800 BT 19

Table 2 Information of the surface meteorological August, 2016

observation station ‘ 2 m S E/C
w4 uis i 253 R /m i Oobs Osim MB  RMSE RMSEw  r
WEFHL 57516 29.58°N 106.46°E 259 WL 337 256 -0.54 1.13 1.02 0.98
Tk 57513 29.73°N  106.62°E 465 Bl 352 286 -192 220 1.07 0.96
Bl 57514 29.58°N  106.22°E 332 gl 3.07 263 228 240 0.76 0.98
e 57518 29.33°N  106.50°E 506 ] 2.99 27 —081 1.43 1.20 0.92
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Table 4 Statistics for simulated and observed 10 m-height wind speeds and wind directions from 0800 BT 17 August to 0800

BT 19 August, 2016

10 mX#/m s ' 10 mJX\[H]
Bt ows  Oam  MB  RMSE RMSEyr  r Tabs Tiim MB  RMSE RMSEgr -
VIR 075  0.82 1.14 1.54 1.04 0.12 110.6° 116.43°  —58.5° 81.83° 130.96° 0.32°
Bl 1.45 1 -0.23 1.41 1.4 0.38 118.68°  79.43°  —41.33°  87.48°  128.17° 0.2°
Tk 133 082  —037 1.36 1.31 0.32 44.73° 35.61° -11.16°  53.11° 51.93° 0.16°
) 137 076 141 2.04 1.48 0.1 70.36° 82.48° 18.98°  74.97° 88.33° 0.33°
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Fig. 4 Observed and simulated 2-m temperature (left column, units: °C) and 10-m wind (right column, units; m s ') at four weather stations in
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