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Abstract Local strong winds could be hazardous to the street structures and pedestrians, which
affects the outdoor activities and traffic safety. The formation of local strong winds is associated with
both mesoscale weather and underlying surfaces, particularly over the urban areas where a large
number of tall buildings exist. The building-resolving simulation of strong winds over a large city
domain at given atmospheric conditions has been challenging, because of the limitations in numerical
models and computational resource. Here we investigate a typical event of strong winds induced by
cold surge in Guangzhou city using an advanced local weather prediction system, in which a
mesoscale model is downscaled to a Computational Fluid Dynamics (CFD) model with Large-Eddy
Simulation. Both CFD simulations and observations suggest that, during cold surge, mean wind speed
and high-frequency disturbances are enhanced significantly in the city particularly at the top of urban
canopy. There are also evident differences between the old and new districts with different buildings
characteristics. A large area of strong winds and disturbances are seen above the old district with
densely low buildings and its downstream open areas. Over the new district with tall buildings,
although the regional mean wind speed is reduced, local strong winds occur to the main streets parallel
to wind direct. In particular, high-rise buildings can induce obvious veridical circulation that can lead
to a downward movement of wind disturbances and cause near-surface strong winds. Such eddies of
the building-induced strong winds can propagate downstream with a considerable distance of up to
several kilometers. They can be reinforced when they are passing other high-rise buildings such as
Canton Tower. Local strong winds also occur to the flanks of tall buildings aligned along the Pearl
River which is perpendicular to ambient wind direction. The blocking effect of those buildings results
in an along-river air flow which then outflows the gap without buildings and leads to local strong
winds. These findings have important implications for understanding the fine-scale structures and

formation of local winds in the city, which helps to improve the prediction of urban winds.
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Fig. 1 Domain setting for the coupled mesoscale-CFD models and the buildings in Guangzhou city.
(a) Four simulation domains of the WRF model; (b) The most inner domain D4 of WRF model and
the CFD domain; (c) The topography (shaded, unit: m) and buildings (blocks in gray) in the CFD

domain; (d) 3D view of the buildings in the city center (unit: m)
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Table 1 Domain setting for WRF model
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Fig. 2 Spatial patterns of surface winds (vector, unit: m/s) and pressure (contours, unit: hPa) before
(left column) and after (right column) the invasion of cold surge into Guangzhou. (a, ¢c) FNL analysis;

(c, d) WRF simulation
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Fig. 3 Temporal variations of surface wind speed in Guangzhou during 29 December 2012. Black
line denotes the observation from Canton Tower at 127 m AGL, red line denotes the WRF model
simulation with the arrival hour adjusted to the observation. The blue rectangles denote three periods

of CFD simulation before, during and after the invasion of cold surge
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Table 2 Parameters of the CFD model

Model Parameters

Descriptions

Basic equations
Coordinate
Discretization approach
Grid system
Spatial resolution
Time integration scheme
Advection Scheme
Equation solver
Surface geometries treatment

Turbulence scheme

Non-hydrostatic/compressible
Three-dimensional Cartesian
Finite-volume method
Staggered
Adaptive/uniform
Implicit
3 upwind scheme (QUICK)
SIMPLER algorithm
Blocking-off method

Large eddy simulation (LES)
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Fig. 4 Temporal variations of the smoothed wind speed and disturbances (unit: m/s) observed at
Fujin Road and Canton Tower. Black lines denote the 50-minute running mean; blue bars denote the
instantaneous deviation from mean wind speed. Red lines denote the standard deviation of wind speed

disturbance. (a, b) Fujin Road site at 28 m and 94 m AGL; (c, d) Canton Tower site at 127 m and 532
m AGL

5 14-17 WSS BANT P E shuk R X3a I sh I sh 2. (a. b) 25445 28 m Al
127 m @& AR BT Cev d) 28R M 127 m A 532 m =y A8 R A8

Fig. 5 Power spectrum of the observed wind speed disturbances during 14:00-17:00. (a, b) Fujin
Road site at 28 m and 94 m AGL; (c, d) Canton Tower site at 127 m and 532 m AGL
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BJEIEF] 10,1 m/s (B 60). FEATANRZATFINER Z )G, #EANTTIX T 5 X374
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Fig. 6 Same as in Fig. 4c, but for the wind speed of CFD simulations from the Canton Tower at 127

m AGL for the periods (a) before, (b) during, and (c) after the invasion of cold surge as shown in Fig.
3

7 [AES, HRRASNR B CFD B X7 1 D) % 1

Fig. 7 Same as in Fig. 5, but for the power spectrum of CFD-simulated wind disturbances during the

invasion of cold surge

3.2 MESRREVEHEKTE T

BT # ) 5r He2 1) CFD BULRES , TATIETEAN T SRl VA = SNIR I T XA
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Fig. 8 Spatial patterns of surface wind speed (left column, unit: m/s) and standard deviation (right
column, unit: m/s) averaged during the CFD simulation of 10-40 minutes (a, b) before, (c, d) during,
and (e, f) after the invasion of cold surge. Blocks in gray denote the buildings
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Fig. 9 Buildings in the Guangzhou downtown and the vertical structures of wind speed simulated by
CFD model. (a) Buildings and analysis domains, with red rectangle for the built-up area to the north of
Pearl River and green rectangles for the areas of local strong winds at the Huacheng square to Canton
Tower and at the southern bank of Pearl River. (b) Building density in the built-up area to the north of

Pearl River. (c, d) Mean wind speed and standard deviation at the northern bank of Pearl River
(Y=520); (e, f) same as in (c, d), but for the southern bank of Pearl River (Y=450)
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Fig. 10 Temporal variations of wind speed (shaded, unit: m/s) during the cold surge invasion

simulated by CFD model (left column) at the Huacheng square to Canton Tower and (right column) at

the southern bank of Pearl River. The domains are marked by the green rectangles in Fig. 9a. Dashed

arrows in (a, ¢) marks a disturbance of strong wind for plotting Fig. 12, while those in (b, d) for

plotting Fig. 14
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Fig. 11 Spatial patterns and temporal variations of winds and pressure during the cold surge invasion
simulated by CFD model (left column) near the International Financial Center (IFC) towers of
Huacheng square. (a, b) Mean wind speed (vector, unit: m/s), pressure disturbance (contours, unit: Pa)
and vertical motion (shaded, unit: m/s), with black blocks for buildings. (c) Near-surface wind speeds
at the upstream (black line) and downstream (red line) of IFC towers and their difference. (d)
Upper-level wind (black line, unit: m/s), pressure (red line, unit: Pa) and intensity of sinking motion
(blue bars, unit: m/s) at the windward side of IFC eastern tower. Red triangles in (c, d) denote seven

times of local maxima of wind disturbances
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Fig. 12 Vertical structures and temporal variations of a wind disturbance passing the IFC towers of
Huacheng square (X=820). Shaded for horizontal wind speed (unit: m/s); contours for sinking motion
stronger than -0.4 m/s. Dashed lines denote the axis of strong wind and blue arrows mark the center of

sinking motion associated with the wind disturbance. Red triangles denote the location of IFC towers
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Fig. 13 Near-surface wind (vector, unit: m/s) and pressure disturbance (contour, unit: Pa) associated
with the wind disturbances passing the (left column) western and (right column) eastern sides of
Canton Tower. Red arrows denote the centers of wind disturbance and black blocks denote the

buildings
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Fig. 14 Horizontal winds (vector, unit: m/s), pressure disturbance (contour, unit: Pa) and vertical
motion (shaded, unit: m/s) associated with a wind disturbance passing the southern bank of Pearl

River. Blocks in black denote the buildings with gray contours for low buildings. Red arrows denote

the flows near the northern gate of Sun Yat-sen University
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Fig. 1 Domain setting for the coupled mesoscale-CFD models and the buildings in Guangzhou city.

(a) Four simulation domains of the WRF model; (b) The most inner domain D4 of WRF model and
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the CFD domain; (c) The topography (shaded, unit: m) and buildings (blocks in gray) in the CFD

domain; (d) 3D view of the buildings in the city center (unit: m)
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Fig. 2 Spatial patterns of surface winds (vector, unit: m/s) and pressure (contours, unit: hPa) before
(left column) and after (right column) the invasion of cold surge into Guangzhou. (a, ¢c) FNL analysis;

(c, d) WRF simulation
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Fig. 3 Temporal variations of surface wind speed in Guangzhou during 29 December 2012. Black
line denotes the observation from Canton Tower at 127 m AGL, red line denotes the WRF model

simulation with the arrival hour adjusted to the observation. The blue rectangles denote three periods

of CFD simulation before, during and after the invasion of cold surge
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Fig. 4 Temporal variations of the smoothed wind speed and disturbances (unit: m/s) observed at
Fujin Road and Canton Tower. Black lines denote the 50-minute running mean; blue bars denote the
instantaneous deviation from mean wind speed. Red lines denote the standard deviation of wind speed

disturbance. (a, b) Fujin Road site at 28 m and 94 m AGL; (c, d) Canton Tower site at 127 m and 532
m AGL
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(a) Fujin Road, 28 m AGL (b) Fujin Road, 94 m AGL
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Fig. 5 Power spectrum of the observed wind speed disturbances during 14:00-17:00. (a, b) Fujin
Road site at 28 m and 94 m AGL; (¢, d) Canton Tower site at 127 m and 532 m AGL
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Fig. 6 Same as in Fig. 4c, but for the wind speed of CFD simulations from the Canton Tower at 127

m AGL for the periods (a) before, (b) during, and (c) after the invasion of cold surge as shown in Fig.
3
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Fig. 7 Same as in Fig. 5, but for the power spectrum of CFD-simulated wind disturbances during the

invasion of cold surge
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(a) Before invasion, wind speed
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Fig. 8 Spatial patterns of surface wind speed (left column, unit: m/s) and standard deviation (right

column, unit: m/s) averaged during the CFD simulation of 10-40 minutes (a, b) before, (c, d) during,
and (e, f) after the invasion of cold surge. Blocks in gray denote the buildings
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(b) Building density
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Fig. 9 Buildings in the Guangzhou downtown and the vertical structures of wind speed simulated by
CFD model. (a) Buildings and analysis domains, with red rectangle for the built-up area to the north of
Pearl River and green rectangles for the areas of local strong winds at the Huacheng square to Canton
Tower and at the southern bank of Pearl River. (b) Building density in the built-up area to the north of

Pearl River. (¢, d) Mean wind speed and standard deviation at the northern bank of Pearl River
(Y=520); (e, f) same as in (¢, d), but for the southern bank of Pearl River (Y=450)
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Fig. 10 Temporal variations of wind speed (shaded, unit: m/s) during the cold surge invasion
simulated by CFD model (left column) at the Huacheng square to Canton Tower and (right column) at
the southern bank of Pearl River. The domains are marked by the green rectangles in Fig. 9a. Dashed
arrows in (a, ¢) marks a disturbance of strong wind for plotting Fig. 12, while those in (b, d) for

plotting Fig. 14
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(a) Huacheng square, 20 m AGL (b) Huacheng square, 325 m AGL
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Fig. 11 Spatial patterns and temporal variations of winds and pressure during the cold surge invasion
simulated by CFD model (left column) near the International Financial Center (IFC) towers of
Huacheng square. (a, b) Mean wind speed (vector, unit: m/s), pressure disturbance (contours, unit: Pa)
and vertical motion (shaded, unit: m/s), with black blocks for buildings. (c) Near-surface wind speeds
at the upstream (black line) and downstream (red line) of IFC towers and their difference. (d)
Upper-level wind (black line, unit: m/s), pressure (red line, unit: Pa) and intensity of sinking motion
(blue bars, unit: m/s) at the windward side of IFC eastern tower. Red triangles in (c, d) denote seven
times of local maxima of wind disturbances
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Fig. 12 Vertical structures and temporal variations of a wind disturbance passing the IFC towers of
Huacheng square (X=820). Shaded for horizontal wind speed (unit: m/s); contours for sinking motion

stronger than -0.4 m/s. Dashed lines denote the axis of strong wind and blue arrows mark the center of
sinking motion associated with the wind disturbance. Red triangles denote the location of IFC towers
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(f) Z=20m, T = 32 minute

=
2

= 440

Y (10 m
cgmuammg

Y (10 m)

Y (10 m)

Y (10 m)

7

Y (10 m)
'o-rumamo:a

790 800 810 820 830 840 850 790 800 810 820 830 840 850
X (10 m) X (10 m)

K13 sdsh o mlesd M (R0 BEIAT CHE1D AR i s Gk, B
m/s) AR % (262, BAL: Pa). LGS SKARERIZPEEI T, “X-27 70 BIbRE = AL
IR, KOO

Fig. 13 Near-surface wind (vector, unit: m/s) and pressure disturbance (contour, unit: Pa) associated

with the wind disturbances passing the (left column) western and (right column) eastern sides of

Canton Tower. Red arrows denote the centers of wind disturbance and black blocks denote the
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Fig. 14 Horizontal winds (vector, unit: m/s), pressure disturbance (contour, unit: Pa) and vertical
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River. Blocks in black denote the buildings with gray contours for low buildings. Red arrows denote
the flows near the northern gate of Sun Yat-sen University
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