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Abstract

The automation of synoptic and aviation weather observations is a global trend.  In planning the transition from manual observations by human observers to the use of instrumented readings, either as an aid to or as a replacement of manual observations, the representativeness of instrumented readings vis-à-vis those of human observers and the assurance of continuity of the climatological records are two major challenges that need to be addressed.  These challenges were dealt with in the introduction of instruments for visibility observations at the Hong Kong International Airport (HKIA) in the past several years.

HKIA is located in a coastal environment with complex terrain in the vicinity.  Apart from being an aeronautical meteorological station for issuing METARs in support of civil aviation, the airport meteorological office at HKIA also serves as the SYNOP station in Hong Kong.  A dense network of six forward scatterers was installed along the two runways in HKIA in 2002 and the readings have been operationally used for both METAR and SYNOP reporting since late 2004.

A study of the data in the past several years showed that the readings from these six sensors could sometimes be affected by localized events (e.g. fog patches).  As it is necessary to report a representative visibility value for SYNOP under such conditions on the basis of the six instrumented readings and the human observed value, the optimal procedure was not straightforward and studies were required.  Moreover, the transition from manual observations to instrumented readings requires the assurance of continuity in the climatological data.  In this regard, a suitable forward scatterer determined by statistical analysis was found to be fit for the purpose.

This paper discusses the studies conducted in Hong Kong to develop guidelines for the combined use of manual observations and instrumented readings for SYNOP visibility reporting, and to establish the continuity of the climatological trend of visibility.
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1.
INTRODUCTION

There is an international trend to use instrumented readings in meteorological reporting.  Automation of weather observations is more straightforward for those meteorological elements that have relatively small spatial variability, such as air temperature and pressure.  On the other hand, instrumented measurements of elements which are integrals over a certain path/volume of the atmosphere, such as visibility, could have representativeness issues that need to be sorted out through in-depth studies.  Moreover, with the transition from manual observation to instrumented readings, the continuity of climatological records has to be assured by parallel collection of data for at least two years following the guidelines of World Meteorological Organization (WMO, 2007).

The challenges of representativeness of instrumented observations and continuity assurance for climatological records are exemplified in the introduction of forward scatter sensors for visibility observations at the Hong Kong International Airport (HKIA) in the past several years.  As it is necessary to determine a representative visibility value for reporting on the basis of the instrumented readings and the human observed value, the procedure is not straightforward because the sensor data could be affected by localized low-visibility phenomena.  Moreover, studies would be required to establish the climatological continuity.  These issues would be discussed in this paper.
2.
VISIBILITY OBSERVATIONS IN HONG KONG


Visibility observations for SYNOP reporting in Hong Kong were originally made at the Hong Kong Observatory (HKO) Headquarters at the city centre.  In 2000, the synoptic station in Hong Kong was moved to HKIA, which has a better view of the surrounding areas.  HKO’s office at HKIA is located at the control tower of the airport (location in Figure 1) and it is also an aeronautical meteorological station for issuing METAR messages in support of civil aviation.

To enhance visibility observations at HKIA, a dense network of six forward scatter sensors (locations in Figure 1) was installed along the two runways of the airport in 2002.  The sensor (model FD-12P of Vaisala) uses infrared light beam (peak wavelength of 875 nm) to measure visibility over the range of 10 m to 50 km with the declared accuracy in the order of 10-20% following the latest accuracy requirements of WMO (2006) and the International Civil Aviation Organization (ICAO, 2007).  Before installation, a study was conducted at HKIA to compare the performance of a number of different models of forward scatter sensors prevailing at the market at that time in order to select the most suitable sensor for the climatic conditions of Hong Kong.  The six sensors are evenly distributed on the airfield to observe the visibility in various directions.

The weather observers at HKIA at first used the forward scatter sensor data as reference in the reporting of visibility for SYNOP and METAR.  In 2004, ICAO introduced Amendment 73 to Annex 3 (ICAO, 2004), which allowed automatic observations based on instruments to be used as the basis in reporting visibility.  The prevailing visibility was also adopted for aeronautical meteorological reporting in this Amendment.  Following ICAO guidelines which were later incorporated into the Manual on Automatic Meteorological Observing Systems at Aerodromes (ICAO, 2006), if an airport is equipped with a number of visibility sensors, the median value of the sensor readings could be used in the reporting of prevailing visibility.  As such, starting from November 2004, the median of the aeronautical visibility values computed from the 10-minute mean meteorological optical ranges (MORs) measured by the six forward scatter sensors along the runways is considered by the weather observer in the issuance of METAR.

To keep in line with the practice of METAR, the sensor readings are also used for visibility reporting in SYNOP at the same time.  There were no guidelines from WMO on the way of using the MORs from a number of visibility sensors together with the human observed values for synoptic reporting purpose.  A study was then conducted to establish the necessary guidelines for use in SYNOP reporting, taking into account the representativeness of the visibility observations.
3.
REPRESENTATIVENESS OF VISIBILITY OBSERVATIONS AT HKIA


HKIA is located in a coastal environmental with complex terrain in the vicinity (Figure 1).  To its south is the mountainous Lantau Island with peaks rising to about 1000 m AMSL and mountain gaps as low as 400 m in between.  In a stable boundary layer, the low visibility weather brought by the moist maritime airstream from the south may be blocked in some directions by the hills in its spreading into the airport area, but manage to flow over the mountain gaps to affect other places near the airport.  Moreover, localized convergence of the winds may create some patchy areas of lower visibility in the vicinity of HKIA.


The spatial variation of visibility could be visualized by using the backscattered power data from the surveillance scans of the LIght Detection And Ranging (LIDAR) systems at HKIA.  With a wavelength of 2 microns, the LIDARs are primarily used for wind measurements in the alerting of low-level windshear and turbulence at the airport.  Their technical specifications are given in Shun and Chan (2008).  By combining with the data from the forward scatter sensors on the airfield, they could also give a visibility map in the vicinity of HKIA under various low visibility weather conditions.  Technical details of the generation of visibility maps are described in Chan et al. (2007).

Two examples of spatial variability of visibility around HKIA in 2004 to 2005 are shown in Figures 2(a) and 2(b).  They have been studied in detail in Chan et al. (2007) and only a summary of the major results are given here.  For the case in Figure 2(a), two bands of mist originating from the gaps on Lantau Island and spreading to the northwest following the prevailing east to southeasterly winds are clearly depicted in the visibility map.  This case occurred in a stable weather condition typically found in spring-time over southern China.  The mist spread in from the areas south (upstream) of Lantau Island.  The mountains and valleys modified the airflow, leading to different extents of the intrusion of the mist into the airport region.  For the case in Figure 2(b), northwesterly wind associated with a weak surge of winter monsoon extended southwards into HKIA, bringing along haze and causing the visibility over the northern part of the airport to deteriorate.  Meanwhile, the background easterly wind continued to affect the southern part of the airport, where the visibility remained higher.  The two airstreams converged at the northeastern corner of HKIA, where the visibility dropped to as low as 2500 m only.

A more recent case as discussed in HKO (2008) is shown in Figure 2(c).  On 31 May 2008, visibility over HKIA began with a relatively low value in the region of 3000 m.  At that time, HKIA was largely under the influence of light northwesterly winds which were climatologically quite frequently associated with hazy conditions.  Around noon time, a moderate southerly maritime airstream began to move into the airport bringing significant local improvements to the visibility.  The demarcation between the haze and the clear maritime air was sharp, and was consistent with the wind observations inside and around HKIA.

It could be seen from the above case studies that there could be great spatial variability of visibility in the vicinity of HKIA under certain weather conditions.  Taking the minimum of all the available visibility data (instrumented and human observed values) for synoptic reporting may be biased towards the localized regions of low visibility weather.  The synergistic usage of all the data sources in the reporting of visibility is discussed in the following Section.
4.
GUIDELINES TO OBTAIN REPRESENTATIVE VISIBILITY

The basic principle is to adopt different approaches which could be the most appropriate to report the visibility under each different visibility condition, namely, homogenous visibility condition and inhomogeneous visibility condition (e.g. under the influence of rain/fog/mist/haze in certain directions only).  Following the spirit in ICAO’s Manual on Runway Visual Range Observing and Reporting Practices (ICAO, 2005), homogeneity could be determined from the ratio of (a) the standard deviation of the 10-minute mean MORs from the 6 forward scatter sensors to (b) the average MOR (e.g. median of the 6 MOR values).  If the ratio is less than 0.1, the visibility condition is considered homogeneous.  Based on the MOR data in the past few years at HKIA, the homogeneous condition (considering the 6 forward scatter sensor data only) is fulfilled about 61% of the time.

The guidelines of SYNOP visibility reporting adopted in the day-to-day operation at HKIA since January 2008 are summarized as follows:

(a)
Calculate the standard deviation of the 10-minute mean MOR readings from the 6 forward scatter sensors and the human observed visibility, and divide it by the median of these 7 values.  The visibility is homogeneous when the ratio is less than 0.1.

(b)
If the visibility is homogeneous, the minimum of the 10-minute mean MOR readings from the 6 forward scatter sensors and the human-observed visibility is reported as the SYNOP visibility.

(c)
If the visibility is inhomogeneous, the weather observer should refer to the following data in the observed direction with the lowest visibility:

(i)
10-minute mean MOR readings from the forward scatter sensors that are closest to/within the directions of the lowest visibility.  If the sensors are inside the low visibility weather (e.g. fog), their MOR values may serve as the lower bound of the SYNOP visibility;

(ii)
distances to the available landmarks, observed at the ground level where necessary, in the directions of the lowest visibility.  If the landmarks could just be seen, the corresponding distances may serve as the upper bounds of the SYNOP visibility.

The weather observer should determine the SYNOP visibility by assessing the transparency of the atmosphere in the directions of the lowest visibility based on the above data.


For ease of application by the weather observer, the above guidelines are presented as a flowchart in Figure 3.
5.
ASSURANCE OF CLIMATOLOGICAL CONTINUITY


Between the manual and instrumented observations of visibility, there are fundamental differences, viz. (a) in the sampling volume (atmospheric conditions integrated over long paths in all directions for manual observation vs. a limited sampling volume of 0.1 litre for the forward scatter sensor in use at HKIA) and (b) the averaging period (nearly instantaneous observation by the weather observer vs. 10-minute mean from the sensor).  The readings derived from the two methods would inevitably differ from time to time.  It is thus important to conduct a statistical comparison through parallel runs.  Following the guidelines of WMO (2007), for the transition from manual observations to instrumental readings, the continuity of climatological records has to be assured by parallel collection of data for at least two years.  The data of parallel run compared in this paper cover the period January 2003 to December 2004.

Among the six forward scatter sensors at HKIA, the one near the middle of the south runway (R1C, location in Figure 1) is situated near the middle of the airfield and close to the control tower of HKIA where the visibility observations by human observers are made.  Following the WMO standard of visibility measurements (WMO, 2006), 10-minute mean values of the meteorological optical range (MOR) provided by the forward scatter sensor R1C were analyzed.

The analysis method used by the Royal Netherlands Meteorological Institute (KNMI) in the transition from human observations to forward scatter data for visibility climatology applications was adopted in this study (KNMI, 2003).  The following analyses have been performed:

(a)
contingency matrix of the observed (by the human observer) and the measured (by the forward scatter sensor) visibility readings in various visibility classes;

(b)
box plot of the ratio of the measured to the observed visibility in these visibility classes.

The results are shown in Figure 4.

In the contingency matrix, about 76.2% of the data lie on the diagonal, i.e. the observed and the measured visibilities are in the same visibility class.  The proportion of data within one visibility class is 99.6%.

In the box plot, the mean and the median of the ratio are 1.13 and 1.07 respectively, with a standard deviation of 0.42.  The 50% ratio limits are 0.91 and 1.24, and the 90% ratio limits are 0.74 and 1.75.  The mean and the median ratios in the “<10 km” category are 1.09 and 1.05 respectively.

The above results are generally comparable with those reported in KNMI (2003).  It is considered that the measured and the observed visibility values at HKIA have good overall statistical agreement.  It supports the transition from human observations up to 2004 to R1C MOR data starting from 2005, for the purpose of constructing a continuous climatology of visibility at HKIA.
6.
Time Series of Reduced Visibility

The climatology of visibility could be expressed in terms of the percentage of time with reduced visibility (PRV).  The threshold of reduced visibility in haze is taken to be 8 km (Cheng and Koo, 1986).  The PRV is derived from the hourly visibility readings (observed by the human observer or measured by the forward scatterer sensor) excluding weather conditions when fog, mist or precipitation is reported or when the relative humidity (RH) is 95% or above, following Chang and Koo (1986).
The time series of PRV at HKIA constructed based on the manual observations in 2004 and before and that based on the 10-minute mean MOR readings from R1C forward scatter sensor in 2004 and later is shown in Figure 5.  In the year of overlap, that is, 2004, the PRV values based on manual observations and R1C MOR data are within 3%.

Figure 5 also shows the time series of the annual PRV based on human-observed visibility at HKO Headquarters.  Broadly speaking, the trend of annual PRV at HKIA is generally consistent with that at HKO Headquarters.  In a couple of years, different trends were apparent between HKIA and HKO, which could be attributed to regional differences.
Figure 5 also reveals that the annual PRV at HKIA is generally higher than that at HKO Headquarters over the years.  The more frequent occurrence of haze at HKIA in comparison to the urban areas is consistent with the findings of past studies on the meteorological conditions of the airport site in the early 1980s (Lam, 1981a and 1981b).  This regional difference in turn could be a result of the local sea breeze circulation pattern.  For example, under the influence of the west to northwesterly sea breeze wind over the western part of Hong Kong, it is common to have lower visibility at HKIA than that at the Victoria Harbour.
7.
QUALITY ASSURANCE OF VISIBILITY SENSOR DATA
The MOR from a forward scatter sensor would need to be quality assured in order to be used for establishing the visibility climatology at HKIA.  It would be preferable to carry out the quality control automatically, and an algorithm for this purpose has been developed by HKO.

Following Zahumenský (2006), in the quality control of a 10-minute mean value of a certain weather element reported by an automatic weather station, the 10 pieces of 1-minute mean values would be considered.  Each piece of 1-minute mean value could be compared with the previous and the following ones by the following equation:






|Vi-1 – Vi | + |Vi – Vi+1| ≤ 4·σV




  (1)

where Vi is the current value, Vi-1 is the previous value, Vi+1 is the next value, and σV is the standard deviation of the parameter calculated in the last 10-minute period.  The 1-minute mean MOR value at moment i would be considered for removal if it fails to meet the criterion in Equation (1).

The forward scatter sensor may give a “spike” in the visibility value due to temporary blockage of the light beam by a passing object, such as a bird.  The “spike” could be removed by considering the following conditions:
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[(Vi-1 – Vi) / Vi ] · [(Vi – Vi+1) / Vi ] < 0,              (2)
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and both |Vi-1 – Vi | / Vi and |Vi – Vi+1| / Vi ≧ a selected threshold,
  (3)

where Vi is the current 10-minute mean MOR.  The threshold is determined such that the amount of automatically discarded 1-minute mean visibility values is similar to that determined by manual quality-control process.

Fluctuating values of 1-minute mean MOR would not be removed if there is rain or low-visibility weather at the measuring time as determined by the rain intensity and the 10-minute mean MOR reported by the forward scatter sensor.  If the rain intensity is greater than zero or the 10-minute mean MOR is less than 5000 m, the 1-minute mean MOR at the corresponding time would not be discarded in the automatic quality-control procedure.

The complete quality-control algorithm for 1-minute mean MOR taking the above steps into account is summarized in Figure 6.  It is found from a study of MOR data of two years that, if the threshold in Equation (3) above is taken to be 0.6, the amount of discarded 1-minute mean MOR value would become about 0.1%, which is comparable with the result of manual quality-control procedure.  This threshold may not be universal and would need to be fine-tuned for a specific station considering the visibility climatology at that place. 
8.
CONCLUSIONS


This paper uses visibility observation at HKIA as an example to demonstrate two important issues in the transition from manual observation to the use of instrumented readings, namely, representativeness of the observation and assurance of climatological continuity in the transition.

For the former issue, instrumented data are found to have limitations in representing the meteorological condition, especially for those weather elements with large spatial variations.  As such, guidelines would need to be developed to combine the human observation and the data from a dense network of instruments in order to determine representative values.

For the latter issue, it turns out that a single forward scatter sensor at an appropriate location may serve the purpose of establishing the climatology of a meteorological station.  Climatological continuity is assured using statistical analysis such as box plot and contingency matrix. Due to the importance of instrumented data for climatological application, an automatic data quality-control algorithm has been developed for the measurements from the forward scatter sensor.

It is hoped that the discussions in this paper would be helpful for other meteorological services in the transition from manual observation to the use of instrumented data.
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Figure 1
Geographical setup of HKIA (height contour: 100 m) and locations of the meteorological instruments considered in this study.  Red dots are the locations of the forward scatter sensors.


Figure 2

Examples of LIDAR-based visibility maps at HKIA showing the spatial variation of visibility (based on surveillance scans of the LIDAR at an elevation angle of 1 degree from the horizon) 
Note: The colour scale of visibility is in km.  The forward scatter sensor readings are shown in the lower right of the figure, whereas the relative humidity measured at HKIA is given at the top.
(a) 









(b)

          6:51 a.m., 1 April 2004




 10:26 p.m., 8 January 2005
(c)
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Figure 3
Flowchart of the visibility observation guideline

Figure 4
Contingency matrix (upper) and box plot (lower) based on the observed and the measured visibility values in the period Jan 2003 to Dec 2004
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Figure 5
Time series of annual percentage of reduced visibility at HKIA and HKO Headquarters
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Figure 6
Flowchart of automatic quality-control algorithm of the sensor’s MOR data
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