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ABSTRACT

Both the laser ceilometer and the ground-based mi-
crowav e radiometer (equipped with infrared cloud ra-
diometer) provide essentially point measurements of
the cloud base height continuously. By using a so-
phisticated algorithm, it is possible to detemine the
total cloud amount based on the continuous record of
cloud base height. In the present study, the opera-
tional algorithm of Royal Netherlands Meteorological
Institute (KNMI) is considered and the total cloud
amount so detemined is compared with co-located
actual obserwations by human observers. The laser
ceilometer, having some difficulties in detecting the
thin cirrus clouds, could underestinate the cloud
amount when extensive cirrus clouds cover the obser-
vation area. On the contrary, the microwav e radiome-
ter may be more sensitive to high clouds, though it
may not be able to distinguish between v ery thin cirrus
and totally clear sky. This paper demonstrates that, by
choosing a suitable thresholdfor the cloud base height
determined by the radiometer, the total cloud amount
estimated by the radiometer is more consistent with
human obser ations compared with the cloud amount
provided by the laser ceilometer. This opens up a
potential application of using the microwav e radiome-
ter in automatic observation of the total cloud amount.

1. INTRODUCTION

Cloud amount is one of the weather elements to be
reported in the synoptic weather obser ations. Auto-
matic determination of cloud amount has been tried
out using the continuous cloud base height measure-
ments from laser ceilometers at some airports in the
world [1]. At the Hong Kong International Airpon
(HKIA), similar laser ceilometers have also been de-
ployed by the Hong Kong Obseratory (HKO), e.g.
there is a ceilometer model LHX06 from Vaisala (for-
merly Impulsphysik) inside the meteorological garden
(Figure 1) located near the centre of the airport. This
ceilometer is mainly used for the detection of low to
medium clouds which are important to aviation opera-
tion. Ceilometers of the latter model LD-40 are also
set up at the runway ends. However, even with the
upgrade of signal processors and fiters, these
ceilometers do not seem to be sensitive enough in the
detection of thin cirrus clouds. As such, the total cloud
amount provided by the ceilometers could be smaller
than those reported by the human weather obserwers,
which are stationed at the Airport Meteorological Cf-
fice located close to the meteorological garden.

Since May 2008, a microwave radiometer has also
been set up at HKIA (Figure 1). The primary purpose
of this radiometer is the measurement of temperature
and humidity prdfiles of the atmosphere up tc about 10
km above ground. This instrument is equipped with an

infrared cloud radiometer to measure the temperature
at the cloud base. Together with the temperature pro-
fie, it is possible to estimate the cloud base height,
which is updated frequently (every fewseconds). The
continuous availability of cloud base height from the
radiometer may be useful in the detemination of cloud
amount using an algorithm similar to that adopted for
the ceilometer data. To the knowledge of the author,
this is the first time that the ground-based microwav e
radiometer is used to estimate the cloud amount using
such an approach.

Figure 1 The meteorological garden at HKIA.

Compared to a laser ceilometer, a microwave radi-
ometer may be more sensitiv e to the thin cirrus clouds.
Howev er, it may also have limitation in the detection of
high clouds due to the background sky (the “back-
ground” effect leading to under-estimation of bright-
ness temperature retrieval, [2]). As such, different
thresholds of the cloud base height given by the radi-
ometer is tried out to optimize the provision of total
cloud amount from this instrument.

2. EQUIPMENT AND ALGORITHN

The ceilometer at the eastern end of the south runway
of HKIA (location “R1E") is used in the present study
because it has been equipped with the latest version
of signal pracessor and filter for this ceilometer model.
It is a LD-40 ceilometer with double lenses. It meas-
ures cloud base height between 5 m and 13,000 m
with a resolution of about 7.6 m (25 feet). Cloud base
data are updated every 15 seconds.

The ground-based microwave radiometer uses 14
frequency channels in the region of 20 to 60 GHz to
measure themody namic profiles of the troposphere.
The infrared radiometer gives cloud base height up to
10 km abov e ground with a resolution of 1 m. Cloud
base data are updated every few seconds.
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Details of the cloud amount algorthm could be found
in [1]. Only the main features of the algorithm are de-
scribed here. It uses the cloud base height data of the
three cloud layers C1, C2 and C3 (from the lowest to
the highest) from the laser ceilometer. In case of the
microwav e radiometer, only C1 would be available.
The cloud amount is detemined at the end of each
hour in order to compare directly with the synoptic
weather observations. The cloud base height data in
the last 10 minutes of the hour are given double
weight in the detemination of cloud amournt.

The time series of cloud base height data is consid-
ered in determining the total cloud amount by taking
the correspondence between the temporal continuity
in the occurrence of the clouds and the spatial distribu-
tion of the clouds. The number of entries correspond-
ing to each octa region is then detemined by taking
into account the weight of the entries. Note that 0 and
8 octa correspond to no cloud hit and nothing but
cloud hits, respectively. The lowest cloud hit C1 is the
cloud base and the total weight of cloud hits of C1
determines the total cloud cover. As such, the algo-
rithm outputs the following: the total cloud amournt, the
amount of the first layer of clouds, and the height of
the first lay er of clouds.

The study period of this paper spans over one whole
year, namely, June 2008 to May 2009. The perfom-
ance statistics of the algorithm as applied to ceilome-
ter and microwave radiometer (in comparison tc
human observations) is considered for the whole y ear.
Future study would look at seasonal variation of the
performance statistics.

3. COMPARISON BETWEEN CEILOMETER AND
HUMAN OB SERVATIONS

The comparison between ceilometer data and human
observations is given in Table 1. In all comparisons,
band 2 would be considered, namely, the difference in
cloud amount within 2 okta of clouds or cloud base
height within 2 height categories (following the catego-
ries in [1]).

For total cloud amount, band 2 is achieved at 66%
only. The miss cases (26%) are many more than
those of false cases (8%). This is consistent with our
understanding that the laser ceilometer may miss the
high and thin cirrus clouds due to the weak signal of
the laser return.

For the first cloud lay er, the cloud amount is within 2
bands for 69% of the cases and the cloud base height
is within 2 height categories for 72%. There are mary
more cases in which the cloud base height given by
the ceilometer is much higher than that reported by the
human observers. This may be due to (a) limited
sampling of the laser ceilometer, which is essentially a
spot overhead, and (b) occurrence of lowclouds at the
mountains nearby HKIA, which do not drift and come
ov er the ceilometer's measuringv olume.

4. COMPARISON BETWEEN RADIOMETER AND
HUMAN OB SERVATIONS

First of all, an “optimum” threshold for cloud base

height is determinedfor the cloud data output from the

microwav e radiometer. This is the threshold above

which the cloud base data would be ignored, i.e.

clouds with heights exceeding the threshold are not
considered to be present. Such an approach is to
address the under-estimation of brightness tempera-
ture of the clouds due to “background” effect. By con-
sidering the band 2 percentages of the total cloud
cover from the microwave radiometer in comparison
with that obtained by human observations, it turns out
that a height threshold of 7,500 — 8,000 m would have
the best performance (Figure 2). It also turns out that,
if no threshold is adopted, namely, a height threshold
of 10 km (the maximum cloud base height from the
radiometer) is adopted, the band 2 percentage drops
to about 60% in comparison with 76% for the optimum
height threshold values.
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Figure 2 Band 2 percentage of total cloud cov er fromr
the radiometer as afunction of height threshold.

Using a height threshold of 7,500 m, the performance
of cloud cover and cloud base height data (in compari-
son with human obser ations) is givenin Table 2. The
total cloud cover has a band 2 percentage of 76%,
which is 10% higher than that achieved by the laser
ceilometer. In particular, the miss percentage drops
from 26%f or ceilometer to 15% for radiometer. This is
consistent with our expectation that the radiometer is
more sensitive in measuring the high cirrus clouds.
The cloud cover for the first lay er of clouds is within
band 2 of human obser ations for 73% of the cases,
which is 4% higher than that achieved by the ceilome-
ter. On the other hand, the base height for the first
lay er of clouds has a band 2 percentage very similar to
that from the ceilometer, i.e. about 71-72%. This may
be expected in view of the limited sampling space of
the radiometer and ceilometer (air column above the
instrument vs. 360 degrees space obsernved by hu-
man) and the low clouds that are formed nearby the
mountains and nat observ able by the instruments.

5. CONCLUSIONS

The present study uses the cloud base height data
provided by the microwave radiometer and the
ceilometer to estimate the cloud cover based on an
operational algorithm of KNMI. It turns out that the
radiometer achieves better measurement of total cloud
cover and the cloud cover for the first cloud layer in
comparison with the ceilometer. This may be due to
higher sensitively of the infrared radiometer of the mi-
crowav e radiometer in the observation of clouds, in
comparison to the ceilometer (especially inthe obser-
vation of high cirrus clouds). More research would be
carried out to study the perfomance of the microwav e
radiometer in cloud observation in different seasons in
an attempt to achieve automation of synoptic and
METAR reports.
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Table 1 Perfomance statistics of R1E laser ceilometers in comparison with human observations (SYNOP): (a) total
cloud cover, (b) cloud cov erfor thefirst lay er of clouds, and (c) base height of the first layer of clouds.
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Table 2 Similar to Table 1, butfor perf ormance statistics of the microwav e radiometer.




