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Abstract: Terrain-induced airflow disturbances are the major cause of low-level windshear at HKIA. Previous studies
of the disturbances mainly focus on the effect of Lantau Island in east to southeasterly winds. The present study is the
first account of the impact of Lantau Island on the airflow in the southwest monsoon, which affects at times the south
China coast in the summer. Three typical types of terrain-disrupted airflow in the southwest monsoon are analyzed,
namely, reversed flow, wind streaks and small-scale waves. They are studied in depth using LIDAR observations and
numerical simulations. It is shown that the background southwesterly flow with specific wind and thermodynamic
structures could be disrupted by the complicated Lantau terrain, resulting in low-level windshear.
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1. INTRODUCTION
To the south of HKIA lies the mountainous Lantau Island with peaks rising to about 1 km AMSL and
valleys as low as 300 m in between. Terrain-disrupted airflow could occur over the airport area when winds
from the east to southwest climb over Lantau Island. Studies in the past mainly focused on the prevailing
east to southeasterly winds in the spring and during tropical cyclone situations. Located in the subtropical
area, Hong Kong experiences the southwest monsoon at times in the summer. The present paper is the first
summary of terrain-disrupted winds at HKIA during the southwest monsoonal flow. It is shown that there is
a wide spectrum of airflow disruption features in this kind of situation. Three typical cases of terraininduced disturbances at increasing speed of the background southwesterly winds would be discussed in this
paper, namely, mountain wake with reversed flow, terrain-induced jets (wind streaks) and small-scale
mountain waves.
Observations of a Doppler LIDAR at HKIA are used to document the cases and the airflow is analyzed in
more detail using numerical simulation results. The Regional Atmospheric Modelling System (RAMS)
version 4.4 is employed in the present study. The model setup is similar to that adopted in the simulation of
low-level windshear at HKIA (Szeto and Chan 2006). Three nested model runs are performed, with a
horizontal resolution of 4 km, 800 m and 200 m. The last model domain just covers HKIA, the sea areas
around and the whole Lantau Island. Forecasting mode of the simulation is carried out, and the boundary
conditions are taken from the day-to-day forecasting results of the Operational Regional Spectral Model
(ORSM) of the Hong Kong Observatory.
2. MOUNTAIN WAKE
It is rather common to observe the presence of a mountain wake with reversed flow to the northwest of
Lantau Island during the prevalence of east of southeasterly winds in spring time under a stable boundary
layer. A typical example revealed by the LIDAR is shown in Figure 1. On the other hand, mountain wake is
not normally found in the southwest monsoon. It does occur at times when the background southwesterly
wind is not strong. Figure 2 shows an example revealed by the LIDAR at 14 UTC, 1 September 2006 (HKT
= UTC + 8 hours), in which the wake appeared to the northeast of Lantau Island. Three aircraft on that night
reported the encountering of significant windshear with a headwind gain of 15 knots after flying through the
wake to land at the eastern end of the north runway.
The mountain wake with reversed flow in this case is captured very well in the forecasting mode
simulation of RAMS as initialized at 00 UTC, 1 September (Figure 3(a)), though the magnitude of shear
across the wake is smaller than the actual observations. On the eastern side of the airport, there appeared to
be anticyclonic flow with a size of several kilometres in the wake of Lantau Island. Higher up the boundary
layer (e.g. 500 m AMSL, not shown), the airflow still exhibits anticyclonicity to the east of HKIA in the
simulation result, but reversed flow no longer exists. It seems like the mountain wake is only confined to the
lower part of the boundary layer.

Mountain wake is not always forecast during the prevalence of moderate southwesterly wind. Based on
the present simulation results, it appears that the wake could appear in the following conditions:
(a) a relatively stable layer, though rather shallow, within the boundary layer: for the case on 1 September
2006, a stable layer is found between 200 and 300 m AMSL in the simulation result (Figure 3(b)) in
areas upstream of Lantau Island (location shown in Figure 3(a)), and mountain wake occurs below this
layer. In reality, there is a stable layer inside the boundary layer from the radiosonde measurement,
though it occurs at higher altitudes, namely, between 500 and 800 m AMSL in the upper-air ascent data
at 00 UTC, 2 September 2006 (not shown).
(b) mesoscale diffluent flow in the vicinity of Hong Kong: in the nighttime of 1-2 September, both actual
observations and forecast mesoscale wind field (not shown) indicate that southerly flow appears over the
Pearl River Estuary to the west of Hong Kong while southwesterly wind exists south of the territory.
3. TERRAIN-INDUCED JETS
In strong southwest monsoon, it is common to see the persistence of several jets in the airport area. Highspeed jets and low-speed streaks were also reported before, downstream of the mountain gaps and peaks
respectively of Lantau, based on weather radar observations during the passage of tropical cyclones (Shun et
al 2003). Figure 4(a) shows an example at 03 UTC, 12 April 2006. This image of the LIDAR radial velocity
depicts that there are at least three jets inside and around HKIA, namely, one downstream of Nei Lak Shan in
the middle of the airport right across the location of the LIDAR, one downstream of Lin Fa Shan affecting
about 2 nautical miles to the east of the north runway, and another one at the northwestern part of Lantau
Island near Tai O. When the aircraft lands at the north runway from the east, it would fly through at least
two jets emerging from Lantau Island and may experience significant wind shear. There were 27 pilot
reports of windshear encounter in the daytime on that day.
As observed by Shun et at (2003), it is now commonly believed that mountain wake occurs downstream
of the peaks. The appearance of jets downstream of the peaks therefore appears puzzling and requires more
in-depth analysis. This is conducted using numerical simulations. The simulated wind field (initialized at 12
UTC, 11 April) is presented in Figure 4(b), which is generally consistent with the LIDAR observations. To
depict the jets more clearly, the magnitude of the horizontal wind component for the same dataset is plotted
in Figure 4(c). It vividly illustrates how the jets come about. Instead of emerging solely from behind the
mountains, the jets actually originate partly from the accelerated flow coming out from the gaps to the west
of the mountains and partly from the winds climbing down the mountains. As shown in the simulation result,
the accelerated flows from the gaps are “deflected” to the east after leaving the gaps and thus appear
downstream of the mountain.
4. MOUNTAIN WAVE
Under even stronger southwesterly wind, individual jets become not so apparent after the winds climb
over Lantau Island. Instead, the airflow becomes more turbulent, especially over the area to the east of
HKIA. In this area, blobs of stronger southwesterly wind or reversed flow are observed in the LIDAR radial
velocity images. They have a spatial scale of several hundred metres to a couple of kilometres. An example
is shown in Figure 5(a), at about 14:31 UTC, 16 July 2006. In this case, the southwest monsoon had a
maximum wind speed of about 15 m/s. There were 27 pilot reports of windshear encounter by aircraft
landing at the north runway from the east at night.
To understand these blobs of airlfow, RAMS run is performed with a higher resolution, using an
additional fourth nested grid with a horizontal resolution of 50 m and the use of Deardorff scheme for large
eddy simulation. The simulated LIDAR radial velocity obtained from this forecasting run (initialized at 12
UTC, 16 July) is given in Figure 5(b). The airflow blobs are reproduced well in the simulation. According
to the model result, they are found to be associated with small-scale waves emerging from the mountains of
Lantau Island.
5. CONCLUSIONS
A summary of terrain-disrupted airflow around HKIA in southwest monsoon is summarized in this paper.
Three kinds of wind disturbances, namely, mountain wake, terrain-induced jets and small-scale mountain

waves are documented based on LIDAR observations and analyzed further using numerical simulation
results. During the prevalence of moderate southwesterly wind, mountain wake with reversed flow appears
to the northeast of Lantau Island under the conditions of a stable boundary layer and diffluent low-level flow
in Hong Kong. In strong southwest monsoon, it is common to see the occurrence of several jets coming out
Lantau Island. Though appearing to emerge from the mountains, they are found to be related to accelerated
gap flow as well as downslope wind from the hills. For even stronger background winds, individual jets
become not so apparent but instead smalle-scale mountain waves emanate from Lantau terrain. The results
in this paper could serve as conceptual models for understanding microscale flow around HKIA under
southwest monsoon in day-to-day windshear alerting.
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Figure 1: Radial velocity image from horizontal scan of the
LIDAR at 18 UTC, 2 March 2007, illustrating the mountain
wake commonly observed to the northwest of Lantau Island
in east to southeasterly wind in the spring.

Figure 2: Radial velocity image from horizontal scan of
the LIDAR at 14 UTC, 1 September 2006, illustrating the
mountain wake to the northeast of Lantau Island during
the prevalence of southwesterly flow in the summer.
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Figure 3: The model simulated radial velocity field of the LIDAR at 15:30 UTC, 1 September 2006 (a), showing the
mountain wake with anticyclonic flow to the northeast of Lantau Island. (b) is the model simulated temperature profile
at the southwestern corner of the model domain, marked by a star in (a).
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Figure 4: Radial velocity image in the horizontal scan of the LIDAR at 03 UTC, 12 April 2006 (a). Jets are indicated
in red ellipses. Model simulated radial velocity and magnitude of horizontal wind are shown in (b) and (c) respectively.
In (c), gap flow is indicated by red arrows and downslope winds from the mountains are marked by green arrows.
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Figure 5: Radial velocity image of 1-degree conical scan of the LIDAR at 14:31 UTC, 16 July 2006 (a). The model
simulated radial velocity is shown in (b).

