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ABSTRACT
This study investigated the flow characteristics altered by Jang Bogo Antarctic Research Station using computational
fluid dynamics (CFD) modeling. The topography and buildings around Jang Bogo Station were constructed with computeraided-design data in the CFD model domain. We simulated 16 cases with different inflow directions, and compared the flow
characteristics with and without Jang Bogo Station for each inflow direction. The wind data recorded by the site’s automatic
weather station (AWS) were used for comparison. Wind rose analysis showed that the wind speed and direction after the
construction of Jang Bogo Station were quite different from those before construction. We also investigated how virtual wind
fences would modify the flow patterns, changing the distance of the fence from the station as well as the porosity of the
fence. For westerly inflows, when the AWS was downwind of Jang Bogo Station, the decrease in wind speed was maximized
(−81% for west-northwesterly). The wind speed reduction was also greater as the distance of the fence was closer to Jang
Bogo Station. With the same distance, the fence with medium porosity (25%–33%) maximized the wind speed reduction.
These results suggest that the location and material of the wind fence should be selected carefully, or AWS data should be
interpreted cautiously, for particular prevailing wind directions.
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1. Introduction
Jang Bogo Antarctic Research Station (hereafter, JB Station) is located near Terra Nova Bay, Northern Victoria Land,
Antarctica. Low-pressure systems are common in this region due to the influences of the Ross Sea and Transantarctic Mountains. At JB Station, westerly winds dominate, and
daily mean wind speeds range from 0.5 m s−1 to 38.6 m s−1 .
Because the station is located at the bottom of a mountain
slope, strong winds sweeping down the slope (i.e., katabatic
winds) are common (Ma, 1992; Nylen et al., 2004; Yu et al.,
2007). The maximum wind speed recorded at Terra Nova
Bay is 45 m s−1 (Bromwich, 1989), and similarly strong
winds could pose a risk to researchers at the station. A survey of visitors to the Antarctic King Sejong Station revealed
that one of the most threatening elements at the station was
∗
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the rapid change in wind speed and direction (Weber et al.,
2016). Therefore, it is necessary to establish a plan to protect
residents from wind and ensure a secure living environment
at the station.
By reducing wind speed, windbreaks (i.e., wind fences)
are effective at reducing the risks caused by strong winds.
Most studies on the efficacy of windbreaks have been performed using wind tunnel experiments (Judd et al., 1996;
Lee and Kim, 1999; You and Kim, 2009), and have shown
that wind speed reductions depend primarily on the shape
and porosity of the windbreak (Dong et al., 2007). In addition, Zhang et al. (2010) and Cheng et al. (2016) demonstrated that windbreaks can reduce dust-scattering by weakening near-surface wind speeds. Cheng et al. (2016) reported
that windproof walls could reduce wind speeds by up to 80%
in the downwind region. However, most studies have focused
on the effects of wind fences installed on flat surfaces, and
there are few studies concerning wind fences constructed on
inclined planes, such as mountain slopes.
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Computational fluid dynamics (CFD) modeling is a useful tool for evaluating the effects of windbreaks on wind
speeds in relatively small areas, such as at JB Station. Several
recent studies have evaluated the observation environments
around weather stations using CFD models (e.g., Tominaga
et al., 2004; Stathopoulos, 2006).
In the present study, we selected a 1-km2 area around JB
Station as the model domain to quantify the effects of the construction of JB Station on the area around the site’s automatic
weather system (AWS) by comparing data collected before
and after the construction of JB Station. In addition, we performed numerical experiments to investigate the effects on
wind behavior of installing wind fences around JB Station,
and assessed the effects of various wind fence porosities and
distances from the station. The goal of this study was to determine the optimal porosity and location of the wind fence
to reduce wind speeds around JB Station, while minimally
impacting wind patterns around the AWS.

2. Methods
2.1. Numerical model
We used the same CFD model in this study as that described in Kim and Baik (2010) — a model that has been extensively validated against wind-tunnel measurement results
(Kim, 2007; Kim and Baik, 2010). The model considers a
three-dimensional, non-hydrostatic, non-rotating, and incompressible airflow. For the turbulence parameterization, it uses
the k–ε turbulence closure scheme based on renormalization group (RNG) theory. Reynolds-averaged Navier–Stokes
equations are solved numerically in a staggered grid system using the Semi-Implicit Method for the Pressure-Linked
Equation algorithm and finite volume method. To consider
the turbulence effects near solid wall boundaries, the model
uses wall functions for the momentum, turbulence kinetic energy (TKE), and TKE dissipation rate equations suggested by
Versteeg and Malalasekera (1995).
2.2. Experimental setup
We used a 1-km2 area around JB Station near Terra
Nova Bay, Northern Victoria Land, Antarctica (74◦ 37.40 S,
164◦ 13.70 E) as the target area (Fig. 1). The sea is located to
the south and east of the station, and 500–700-m high mountains are to the north and west of the station. JB Station was
constructed on a slope facing the sea. The red dot in Fig. 1 indicates the location of the AWS to the east of JB Station. The
main building, with a height of 15 m, is the tallest building at
the station.
The grid system is similar to the Arakawa C-grid system;
except, at the boundaries of the numerical domain, each velocity component (U, V, W) is defined at the center of each
face of a control volume, and scalar quantities such as TKE
and its dissipation rate are defined at the center of the control
volume. At the boundaries, both the velocity components
and scalar quantities are defined at the boundary edges of the
grid cells. For details about the grid system and numerical


Fig. 1. Satellite image of the area around JB Station (from
Google Earth, www.earth.google.com).

method, see Baik et al. (2003). The model used numerical
domain sizes of 1000 m, 1000 m and 250 m for the x-, yand z-axes, respectively. A uniform grid system was used
and the grid intervals for the x-, y- and z-axes were 5 m, 5 m
and 2.5 m, respectively. The grid intervals used in this study
were relatively coarse compared to those in simulating flows
for a single street canyon and/or a single obstacle. Given
the much larger numerical domain for this application, we
needed to use larger grid sizes due to the limitation of computation. Many previous studies focusing on neighborhoodscale flows in urban areas (horizontal domain size of ∼ 1 km)
have used similar or larger grid sizes (∼ 10 m) (Baik et al.,
2009; Gousseau et al., 2011; Gowardhan et al., 2011; Hertwig et al., 2012). Thus, the grid intervals in this study were
regarded as optimal for resolving both the surrounding mountainous topography and the buildings at JB station.
Using the building construction algorithm suggested in
Baik et al. (2009), and geographic information system tools,
we constructed three-dimensional configurations representative of the surface boundary conditions before and after the
construction of JB Station (hereafter referred to as JB-before
and JB-after cases, respectively) for the CFD model (Figs. 2a
and b). Referring to the Cost Action 732 guideline that the
horizontal resolution in street canyons should be 6 2 m and
the vertical domain size should be larger than six times the
building height (Eichhorn, 2004), we conducted additional
simulations for an idealized street canyon to determine the
grid-interval dependency. The results indicated little difference with grid interval (not shown).
To investigate the effects of the construction of JB Station on the surface wind environment, numerical simulations
were performed for 16 inflow directions (northerly to northnorthwesterly at intervals of 22.5◦ ) for both the JB-before
and JB-after cases. In addition, we examined the effects
of installing wind fences to the north and west of JB Station
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we are currently developing a method that implicitly represents the wind-fence effects by adding additional drag terms
to the governing equation set.
The wind-fence analysis was performed assuming westerly inflows, based on the predominance of strong katabatic
winds at the station. The lengths of the wind fences to the
west and north were each 200 m and the length of the wind
fence connecting the two wind fences was 64 m. To obtain
results sufficiently adjusted by external forcing (e.g., topography and buildings), we integrated the CFD model up to 3600
s with 0.5-s intervals. In our experience, this configuration is
satisfactory in neighborhood-scale simulations.
Based on observations at the Antarctic (Mitsuhashi,
1982), we assumed log profiles at the inflow boundaries.
Also, to consider winds blowing from the mountain slopes,
the vertical profiles of the inflows were described as follows:
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where u∗ , κ, z0 , θ and α denote friction velocity, the von
Kármán constant (0.4), roughness length (0.05), wind direction, and mountain slope (−6◦ ), respectively. For the TKE
and TKE dissipation rates, we used the vertical profiles suggested in Castro and Apsley (1997):


Fig. 2. Computational configurations (a) before and (b) after the
construction of JB Station, and (c) after the construction of wind
fences. Boxes in (d) indicate the wind-fence shapes with different porosities considered in this study.
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Here, δ is the boundary layer depth (1000 m) and Cµ is
the empirical constant for the RNG κ − ε turbulence closure
scheme (0.0845) (Yakhot et al., 1992). Zero gradient conditions are applied at the outflow boundaries. At the solid wall
boundaries, the same boundary conditions as those in Kim
and Baik (2010) are applied.

3. Results and discussion
(Fig. 2c). Wind fences with porosities of 0%, 25%, 33%,
50%, 67% and 75%, and distances from the nearest building of 2H, 4H, 6H and 8H (where the wind fence height,
H, was 10 m) were considered. Wind fences were explicitly reproduced by heaping up the fences, as in constructing buildings and topography. We assumed that wind fences
were vertical-pole in type because this made it easy to allocate porosity systematically (Fig. 2c). We acknowledge that
assumed wind-fence shapes are idealized and that there is numerical limitation involved in not taking the real wind-fence
shapes into account in the CFD model. To address this issue,

3.1. Analysis of observed surface winds
We examined the hourly average wind data from the AWS
near JB Station over about four years (8 February 2010 to 15
February 2015), excluding the period when JB Station was
under construction (1 November 2011 to 31 December 2012).
To investigate the effects of the presence of JB Station on
the AWS observations, we analyzed wind roses for JB-before
(8 February 2010 to 31 October 2012) and JB-after (1 January 2013 to 15 February 2015) cases (Fig. 3). The main
wind direction differed minimally between the JB-before
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Fig. 3. Wind roses (a) before and (b) after the construction of JB Station.

and JB-after cases. The occurrence frequencies of westerly, west-northwesterly, northerly, and north-northwesterly
inflows in the JB-before cases were 21.7%, 13.9%, 12.7%
and 12.0%, respectively. In the JB-after cases, westerly
(18.9%), north-northeasterly (14.4%), northerly (11.2%), and
west-northwesterly (10.4%) flows were the most prevalent
wind directions at the AWS. After the construction of JB Station, the annual mean wind speed decreased by ∼ 1.5 m s−1
(4.7 m s−1 to 3.2 m s−1 ), while wind speed in summer (December, January and February) and winter (June, July and
August) decreased by 1.4 m s−1 (4.6 m s−1 to 3.2 m s−1 ) and
2.1 m s−1 (5.1 m s−1 to 3.0 m s−1 ), respectively.
Figure 4 shows the annual mean wind speed for each wind
direction in the JB-before and JB-after cases. Westerly flows
were the strongest among the 16 wind directions, decreasing by ∼ 35% (8.1 m s−1 to 5.3 m s−1 ) in the JB-after case.
West-northwesterly and west-southwesterly flows were relatively strong, and decreased by ∼ 35% (6.9 m s−1 to 4.5
m s−1 ) and 27% (6.0 m s−1 to 4.4 m s−1 ), respectively, in
the JB-after case. Easterly flows had a mean wind speed of
∼ 2.0 m s−1 . Relatively strong winds were predominantly
westerly, due to the strong katabatic winds from the cold
slope of the mountain to the west. The maximum observed
wind speed was 35.9 m s−1 in a northwesterly direction. The
hourly average wind speed analysis identified 136 extremely
strong wind events (> 20 m s−1 ), which were mainly westerly.
Even considering climatological variations in wind speed in
Antarctica, the analysis of the wind data from the AWS revealed that the construction of JB Station markedly affected
the surrounding wind environment, and induced a meaningful
decrease in near-surface wind speeds. Therefore, the AWS
should be moved to a more suitable location to observe surface winds and maintain the climatological continuity of data
unaffected by artificial changes to the geographical features
around JB Station.


Fig. 4. Wind speeds observed at the AWS before and after the
construction of JB Station.

3.2. Analysis of the flow characteristics in the JB-before
and JB-after cases
To analyze the flow changes induced by the construction of JB Station, numerical simulations were performed for
the 16 inflow directions in the JB-before and JB-after cases.
In addition, detailed flow characteristics were described for
the three inflow directions (westerly, north-northeasterly, and
northerly) with strong katabatic winds and relatively high frequency occurrences in the wind rose analysis.
3.2.1. Wind speed changes at the surface at the station and
at the height of the AWS
We analyzed the effects of the construction of JB Station
on near-surface (z = 1.25 m) airflow at the station and wind
speed and direction at the AWS (z = 5 m). Several changes
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in wind speed were observed at the AWS after the construction of the station (Fig. 5a). Of the westerly winds, westerly,
west-southwesterly, west-northwesterly and northwesterly
wind speeds at the AWS markedly decreased. The maximum
decrease (81.4%) was simulated in the west-southwesterly
flow. Conversely, easterly wind speeds changed minimally,
with a maximum decrease of 7.2% in the easterly flow. This
was likely because the AWS is located east of JB Station, and
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is downwind of the station only for westerly inflows (not
shown). These results are consistent with observations (Fig.
4) at JB Station (JB-before and JB-after cases).


Fig. 5. (a) Percentage wind-speed changes simulated after the
construction of JB station, at the AWS (z = 5 m) and at the station itself (z = 1.25 m) (rectangle in Fig. 1). (b) Comparison of
wind directions at the AWS (z = 5 m) before and after construction of JB station. In (a), the percentage wind-speed changes
at JB Station are averaged over the area indicated by the red
rectangle in Fig. 1.


Fig. 6. Horizontal wind vectors and fields of the vertical wind
component near the surface (z = 1.25 m) (a) before and (b) after
the construction of JB Station, and (c) the difference in horizontal wind speed before and after the construction in the westerly
case. The wind fields in (b) and (c) are taken from the area in
the red-dashed rectangle in (a).
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Wind speeds increased slightly after the construction of
the station for five inflow directions: north-northwesterly
(3.8%), northerly (0.4%), north-northeasterly (0.4%),
southerly (2.1%), and south-southwesterly (5.0%). These
increases initially occurred between the station buildings,
due to channeling effects (Wang and Takle, 1996; Kim and
Kim, 2009), which then enhanced the flows at the AWS.
For the other inflow directions, the average surface wind

speed around JB Station decreased by 22.9%. From the
average wind speeds in the JB-before and JB-after cases,
west-northwesterly (−36.9%) and westerly (−34.3%) winds
showed particularly substantial reductions in wind speed.
These reductions were less prominent for northeasterly
(−15.3%) and southerly (−16.9%) winds (Fig. 5a). Wind direction was not notably affected (average change: 4.2◦ ) (Fig.
5b).


Fig. 7. As in Fig. 6 but for the north-northeasterly case.

Fig. 8. As in Fig. 6 but for the northerly case.
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3.2.2. Westerly winds (270◦ )
The terrain had many overall effects on westerly flows.
In the valley located to the west of JB Station, air flowed
down and up the west and east slopes of the valley, respectively, and downward flows appeared along the east slope of
the valley (Fig. 6a). Flows around JB Station had horizontal wind speeds of 3.5 m s−1 to 4.0 m s−1 , and wind speed
decreased to the east of JB Station along the coast, although
wind speeds were restored farther off the coast. In the JBafter case, the flows around JB Station were more complex
due to flow distortions caused by the buildings (Fig. 6b). In
the JB-before case, westerly winds flowed to the AWS unobstructed. However, the AWS is located to the east of JB
Station, and flows were diverted by the buildings in the JBafter case, which were simulated as changes in wind direction
at the AWS (Figs. 6a and b). Moreover, variations in wind
speed around JB Station appeared between the JB-before and
JB-after cases. On the east side of the buildings, wind speed
mainly decreased due to secondary circulations, such as a recirculation zone; however, wind speed between buildings increased slightly due to channeling effects (Fig. 6c). In the JBafter case, the average near-surface (z = 1.25 m) wind speed
at JB Station decreased by 34.3% compared to the JB-before
case, while wind speed at the AWS (z = 5.0 m) decreased by
53.3%. The sudden reduction in wind speed between the two
cases indicates that the AWS is located within the recirculation zone.
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3.2.3. North-northeasterly winds (22.5◦ )
At JB Station, air flows from the ocean are weakened
rapidly upon reaching land due to friction, and air flows up
the slope on the east side of JB Station. Meanwhile, air
flows down the eastern slope and up the northwestern slope
of the valley located to the west of JB Station (Fig. 7a). In
the JB-after case, the north-northeasterly inflows were distorted by the presence of the buildings (Fig. 7b). In contrast to
the westerly winds, much smaller changes occurred in northnortheasterly wind speed (0.02 m s−1 ) and direction (2.8◦ )
after the construction of the station, due to the upwind location of the AWS relative to the station. The average nearsurface (z = 1.25 m) wind speed decreased by 24.6% compared with the JB-before case. However, wind speeds to the
west of the station increased because the flows were blocked
by the maintenance building and intercepted by flows from
the northwest direction (Fig. 7c).
3.2.4. Northerly winds (0◦ )
Northerly winds were predominantly downward flows
that formed along the downhill slope, although upward flows
appeared occasionally along the uphill slope near the station.
Flows weakened rapidly near the southern coastline by the
station (Fig. 8a). In the JB-after case, the flows were northeasterly to the east of the station and northwesterly to the
west of the station, which converged downwind of the buildings (Fig. 8b). Wind speeds increased slightly in between


Fig. 9. Wind vectors and percentage changes in horizontal wind speed near the surface (z = 1.25 m) after the construction of
the wind fences for different porosities and distances from JB station in the westerly case. The porosities of the wind fences are
0% [(a) and (d)], 50% [(b) and (e)], and 75% [(c) and (f)], and the distances from JB station are 2H [(a) to (c)] and 8H [(d) to
(f)].
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the upper-atmosphere observatory and the main building, as
well as the maintenance and main buildings, due to channeling effects (Fig. 8c). The average near-surface (z = 1.25
m) wind speeds decreased by 17.3% compared with the JBbefore case, while the wind speeds at the AWS (z = 5.0 m)
increased by 0.4%. Moreover, wind speeds increased to the
southwest of the main building compared with the JB-before
case, as the northwesterly flows were blocked by the mainte-

nance building.
3.2.5. Effects of wind fences on the wind environment
around JB Station
Strong katabatic winds are relatively common at JB Station, and our analysis confirmed that the construction of the
station has increased wind speeds in some directions around
the station. Since wind is the biggest threat to the crews at this


Fig. 10. Wind vectors and percentage changes in horizontal wind speed in the vertical plane
of y = 622.5 m for different porosities and distances from JB station in the westerly case. The
porosities of the wind fences are 0% [(a) and (d)], 50% [(b) and (e)], and 75% [(c) and (f)], and
the distances from the JB station are 2H [(a) to (c)] and 8H [(d) to (f)].
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Polar station, installation of wind fences may reduce damage
to crews and facilities caused by strong winds. Therefore,
we investigated the effects of wind fences with various construction parameters on wind speeds at JB Station and at the
AWS. For the analysis, wind fences were positioned on the
west and north sides of JB Station to target the strongest and
most frequent westerly and northerly winds, based on AWS
data analysis. We analyzed the effects of fence porosity (0%,
25%, 33%, 50%, 67% and 75%) and distance between the
fences and JB Station (2H, 4H, 6H and 8H, where H is the
height of the wind fences). Westerly winds were used as the
inflow direction, as they are the most frequent and strongest
winds at the station.
Figure 9 shows the surface wind vector field after the construction of the wind fences and the difference between the
period after and before construction of the wind fences. Various wind-fence porosities (25%, 33%, 50%, 67% and 75%)
were compared with the pre-wind-fence conditions, and the
wind fences appeared to reduce wind speed without substantially changing wind direction (Figs. 9b, c, e and f). Lower
wind-fence porosities were associated with larger reductions
in wind speed in the area between the wind fences and the station, but increases in wind speed were simulated to the east
of the station (Figs. 9 and 10). Reductions in wind speeds
were significantly larger for the wind fences with a porosity
of 0% than those with porosities of 25%, 33%, 50%, 67%
and 75% in the windward direction of the fence compared
with the conditions before the installation of the wind fence.
However, this resulted in the formation of a recirculation area
between the wind fences and the main building, which had a
flow direction opposite to that of the inflow. In addition, the
wind fence inhibited the increases in wind speeds observed in
the JB-after case; however, strong winds occurred to the east
of the station (Figs. 10a and d).
In the cases with distance to the station of 2H, wind
fences with porosities of 0%, 25%, 33%, 50%, 67% and
75% decreased the average near-surface (z = 1.25 m) wind
speeds by 15.3%, 17.6%, 17.4%, 16.0%, 10.6% and 7.7%,
respectively. As the distance to the station became larger,
the average near-surface wind speeds decreased (Fig. 11a).
For the fixed distance to the station, the efficiency of wind
fences for wind-speed reduction was maximized at porosities of 25% (2H) or 33% (4H–8H). Wind-speed changes at
the AWS (z = 5.0 m) with distance and porosity showed a
non-monotonic variation (Fig. 11b). The installation of wind
fences with distance of 2H and porosities of 0%, 25%, 33%,
50%, 67% and 75%, decreased (changed) the wind speeds
(directions) by 7.6% (3.5◦ ), 5.8% (2.8◦ ), 5.9% (3.1◦ ), 8.5%
(3.2◦ ), 7.5% (2.6◦ ) and 4.7% (2.2◦ ), respectively (Fig. 11b).
In the case of a distance of 4H, the wind-speed variation to
porosities was similar to that in the cases of 2H. However, in
the cases with distance of 8H, wind fences with porosities of
0%, 25%, 33% and 50% increased the wind speeds by about
6.9%, 7.1%, 4.4% and 1.9%, respectively; whereas, wind
fences with porosities of 67% and 75% decreased the wind
speed by about 2.3% and 1.5%, respectively. Wind direction
at the AWS (z =5.0 m) was changed by about 1.3◦ , 0.5◦ , 0.7◦ ,

VOLUME 34


Fig. 11. Percentage changes in horizontal wind speed with
wind-fence porosity and distance from JB station for (a) at the
station itself (z = 1.25 m) and (b) at the AWS (z = 5.0 m).

1.0◦ , 1.2◦ and 0.9◦ by the installation of wind fences, with
respective porosities of 0%, 25%, 33%, 50%, 67% and 75%.
A previous study (Martin, 1995) reported that a reduction of
wind speed by vertical wind fences on flat terrain was maximized for porosities of 40%–60%. However, in this study,
the lower porosities (25%–33%), apart from the no-porosity
cases, resulted in a larger decrease in wind speed around JB
Station. This discrepancy was caused by the fact that wind
fences were installed on a slightly inclined slope in this study.
Analysis of the rates of change in near-surface wind speeds
around JB Station showed that the maximum rates of change
(increase or decrease) in wind speeds decreased monotonically as wind-fence porosity and distance to JB Station increased (Fig. 12).

4. Summary and conclusions
In this study, we analyzed the wind environment at JB
Station in Terra Nova Bay, Antarctic, including the effects of
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Fig. 12. Box plots for the percentage changes in near-surface (z = 1.25 m) wind speeds around JB Station in the cases
with a distance to JB station of (a) 2H, (b) 4H, (c) 6H, and (d) 8H. The upper and lower black circles indicate the
outliers; the bars above and below the boxes indicate the upper and lower extremes, respectively; and the upper, middle
and lower segments of boxes indicate the upper quartiles, medians and lower quartiles, respectively.

the construction of JB Station on wind flow and AWS observations, and the effects of installing wind fences on wind
behavior around JB Station. To investigate the effects of
the construction of the station on wind at the AWS, we analyzed wind roses for the periods before (8 February 2010 to
31 October 2012) and after (1 January 2013 to 15 February
2015) construction of the station. To investigate the effects
of JB Station on surface wind, numerical simulations were
performed for 16 inflow directions (from northerly to northnorthwesterly, at intervals of 22.5◦ ) for both the JB-before
and JB-after cases. In the after-JB case, changes in wind
speed and wind direction were observed around JB Station
and at the AWS. Westerly inflows along the mountain slopes
had the highest wind speeds and occurrence frequencies, and
the station had the greatest effects on westerly inflows, as the
AWS is located to the east of JB Station. According to these
results, the current location of the AWS near JB Station is
unsuitable for research on katabatic winds. Moreover, if the
AWS is transferred to the east or north side of JB Station,

more accurate AWS data are expected due to smaller effects
of the station.
Furthermore, we investigated the effects of installing
wind fences on wind speed around JB Station. We assessed
distances between the wind fences and the station of 2H, 4H,
6H and 8H, and wind fence porosities of 0%, 25%, 33%,
50%, 67% and 75%. Based on the results of the numerical simulation, reductions in near-surface (z = 1.25 m) wind
speeds increased as the distance between the station and the
wind fences decreased (except when porosity = 0%), and
wind speed reduction was greatest at porosities of 25%–33%.
However, wind fences with a porosity of 0% inhibited the
increased flows around the buildings, but increased flows to
the east of the station, which greatly affected winds at the
AWS. Considering the numerical experiments from this study
and results from previous studies, installing wind fences with
porosities of 25%–33% would offer the best performance in
promoting safety and reducing structural damage at JB Station.
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