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ABSTRACT

Visibility maps have been generated in real timéhatHong Kong International Airport (HKIA) based the
backscattered power data from Doppler Light DetectAnd Ranging (LIDAR) systems and the visibility
readings from the forward scatter sensors at tip@@i The climatology of visibility at HKIA is gtied in this
paper by considering the mean visibility maps fifiedent seasons and different years. The visybisitfound to
be the lowest in winter and the highest in sumniEnere appears to lower visibility areas to thetmdinrough
west of HKIA, which may be related to the haze Iglduabout by the north to westerly winds in norliea
monsoon weather in the winter and the sea breeze.

Performance of the visibility map is also studigdcbnsidering the visibility maps based on the fandvscatter
sensors at the eastern and central parts of HKIA uging the sensors at the western part of theoritp

provide independent measurements for verificatiorppse. Based on box plots, the visibility mapes faund

to have generally satisfactory quality, especidiyvisibility of 1500 m or above.

In the past studies, the LIDAR-based visibility mepmostly used to study haze and mist weathes It
performance in a fog case in 2005 is studied imptiesent paper.
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INTRODUCTION

The Doppler LIDARs at HKIA are mainly used for mtmring windshear and turbulence to be counterethby
landing/departing aircraft. The backscattered podata from the LIDARs are also found to be usdfuthe

monitoring of low visibility weather. They have dre used with the visibility readings from the siita of

forward scatter sensor along the two runways of Alldcations in Figure 1) to generate visibility psain real

time, which could reach a maximum range of aboukrhOfrom the LIDAR location. Technical details thie

generation of such visibility maps could be foundCihan et al. (2007).

In the present paper, only the LIDAR at Air Trafiontrol Complex near the centre of HKIA is consatk viz.
before its relocation to the south runway of thpaiit.

VISIBILITY CLIMATOLOGY

In studying the visibility climatology of HKIA, theisibility maps are generated from the LIDAR aridtlze 6
units of forward scatter sensors at the airporhlyGhe 1-degree conical scans are consideredsmtper. In
each season, the visibility data at each rangeagateazimuth angle of the LIDAR are averaged ukignonic
mean.

The climatological maps in different seasons andryare shown in Figure 2. For autumn 2005 (batwee
September and November, Figure 2(a)), the visjbiitrather uniform in the airport area and itsugais mainly
about 7 km. The visibility is slightly higher withabout 1 km from the LIDAR which may be relatedthe
optics of the LIDAR (Hannon, private communicatiorpimilar artefacts of higher visibility near théDAR
also show up in the visibility maps in other pesaf time.



In the winter (Figure 2(b), between December 200 Bebruary 2006), the visibility is lower betwezand 6

km from the LIDAR to the north through west of HKIAThis may be related to the haze brought from the
northern and western parts of Pearl River Estugrihb northeast monsoon and the westerly sea bregze
visibility is higher at distances of more than 6 kmay, which may be due to the less polluted ajhdi up in

the boundary layer of the atmosphere. At a digtaf® km from the LIDAR, the laser beam is arod®s® m
above mean sea level.

In the spring (Figure 2(c), between March and M@@e), the lower visibility region to the north andrthwest
of HKIA continues to exist. The visibility is ragh high (about 9 — 10 km) at distances of 6 km afsam the

LIDAR. This may be related to the small amountLtdAR data available at such distances as a redute

low cloud base and the occurrence of fog/mist wegaiththe spring. In the summer (Figure 2(d), lBetwwJune
and August 2006), the visibility is generally verigh (above 10 km) in the airport area. Note thatcolour
scale of visibility in Figure 2(d) is different fnothose in Figures 2(a) to (c).

The visibility climatology of the following year iglso considered. Two representative climatoldgitaps are
shown in Figures 2(e) (September to November 26a6)(f) (December 2006 to February 2007). Oncénaga
the visibility is generally uniform and around 7 kmthe autumn, and there exists an area of lovaility to
the north through west of the airport in the springhe visibility patterns are very similar to tleosf the
previous year.

Though there are a couple of artifacts in the iigibclimatological maps, namely, higher visibylithe first
couple of km from the LIDAR due to optics of thestrument and the visibility of about 9 km at fangas in
the spring-time map due to limited availability DfDAR data, such maps depict interesting featureshe
seasonal and spatial variation of the visibilitpward HKIA, which could not be obtained from otheatal
sources, e.g. point measurements from visibilitysses and aerosol optical depth (AOD) maps of @vars
resolution from satellites.

PERFORMANCE OF VISIBILITY MAP

Independent visibility data would be required todst the performance of visibility maps. For thigpose, the
maps are generated based on the four forward seatteors at the eastern and centre parts of HKIA and
the two sensors at the western part of HKIA aral useprovide independent visibility readings forifieation
purpose. The performance is examined using baxdgblthe ratio of LIDAR-estimated visibility valuest the
locations of the latter two sensors and the aceabor readings. This ratio is compared with {erationally
desirable accuracy of meteorological optical raageaiven in ICAO (2007). The resulting box ploetvizeen
December 2004 and January 2008 are shown in FiQedsand (b). It could be seen that the LIDARdmhs
visibility estimates are of generally satisfactomyality, particularly for visibility of 1500 m orbmve. In this
range of visibility, the 25 to 75 percentiles oé ttatio generally lie within the accuracy requir@meFor lower
visibility, it appears that the LIDAR-estimated ibidity tends to be higher than the forward scastensor value.
This may be related to the higher altitude of timel beam at the sensor location (about 100 m ajpoumd).
In view of the different sampling volumes of theDAR (100 m long) and the forward scatter sensove(sd
tens of centimeters), the comparison result fotweevisibility datasets is considered to be good.

OBSERVATIONSIN A FOG CASE

In Chan et al. (2007), observations of the vidipithaps in haze and mist cases have been considdradns
out that the map is also useful in the monitorifghe dispersion of fog. One such case occurretiénearly
morning of 8 February 2005. Fog with a visibilag low as 300 m was reported at 7 a.m. on thabgahe
weather observer at HKIA. Visibility map at thahé (Figure 4(a)) showed that the visibility wassihp below
1 km in the airport area. Due to rapid attenuatibthe laser beam in the suspending water in ithe.BDAR
data were generally not available at the westerhqieHKIA. A picture taken by the weather obseret that
time showed that fog was affecting the region (Fégd(b)). After sunrise, fog dispersed gradualhg ahe
visibility given by the weather observer rose t&ng in the following hour. Visibility map showedgsiificant
improvement of visibility over HKIA (Figure 4(c)jhough the visibility remained at about 3 km at destern
part of the airport. The occurrence of shallowtrimighat area was confirmed by a photo (Figur@)(tt could
be seen from the present case that, though somAR.Iifata may not be available when HKIA is well viith
dense fog, the LIDAR-based visibility map is atdieaseful in the monitoring of the dispersion of thg.



CONCLUSIONS

This paper describes an algorithm to generateiliigimap using the backscattered power data froboapler
LIDAR and the visibility measurements from a lindtaumber of forward scatter sensors within the caye of
the LIDAR. The visibility maps so obtained are rfiduto reveal many interesting features of the variaof
visibility in the vicinity of HKIA. They could beapplied to different kinds of low visibility weathesuch as
mist and haze. Compared to in situ visibility measents, for instance, from forward scatter sexsthe
LIDAR-based visibility maps greatly extend the ntoning area and would be useful in the short-term
forecasting of low visibility conditions for aviath and other applications. Of course, due to ragtieinuation

of the laser beam in very humid air, the visibiliyap will have limited application value in fog anéavy rain.

The LIDAR-based visibility maps are used to estdblihe seasonal and spatial variation of visibilitythe

vicinity of HKIA. They are of good quality by corapng with independent forward scatter sensor repdi
based on box plots. Despite rapid attenuatioraséd beam in suspending water in the air, the roapkl at

least be useful in the monitoring of dispersiomefise fog, as shown in a case study in the prpaget.
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Figure 1 Locations of the LIDARb{ue) and forwart
scatter sensors (red) at HKIA.
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Figure 2 The (harmonic) average visibility mapslifferent seasons.



Dates: 2004/12/01 - 2008/01/31 Target: 1st LIDAR 1degree Scan Dates: 2004/12/01 - 2008/01/31 Target: 1st LIDAR 1degree Scan
Reference: Forward Scatter -R2W  Total No. of Cases: 257,258 Reference: Forward Scatter - R1W  Total No. of Cases: 255,183
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Figure 3 Box plots for visibility (LIDAR over forard scatterer) for western ends of the two runways.
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(a) visibility map at about 6:56 a.m. (b) photo taken to north-northwesaladut 7 a.m.

(c) visibility map at about 8:10 a.m. (d) photo taken to the northwesttadid 8 a.m.

Figure 4 LIDAR-based visibility maps (a) and (odaphotos taken at the airport meteorological effiear the
cenre of HKIA (b) and (d) for the fog event in tm@rning of 8 February 2005.



