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Editorial
The first paper by W.Y. Fung and K.S. Lam of the Hong Kong Polytechnic University
and S.W. Chan and K.H. Tam of the Hong Kong Observatory is about the observations of
CO2 concentration in Hong Kong.
The second paper by T. Kung, W.H. Leung and H.K. Yeung of the Hong Kong
Observatory talks about two extreme weather events in Hong Kong.
The third paper by Edwin S.T. Lai of the Hong Kong Observatory is a verification
study of wind forecasts by models during the Olympic windsurfing events in Athens (2004)
and Qingdao (2008).
The Hong Kong Meteorological Society co-organized with the Hong Kong Science
Museum to give a Popular Science Lecture Series in October 2010. Four professionals
who are fashion designer, nutrition, architect and engineers were invited to talk about the
impact of climate change on clothes, food, living, transportation and their adaptation and
mitigation measures. The synopses of the talks are included in this issue.
In December 2010, The Hong Kong Meteorological Society paid a visit to Shenzhen
Meteorological Bureau to celebrate Shenzhen 30th anniversary as China’s first special
economic zone. A brief description of this memorable visit is also included in this issue.

About the cover
The cover is a photograph showing sea fog near Kau Yi Chau taken on 15 March 2010
by Dr. W. L. Chang.
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A Preliminary Analysis of Atmospheric Carbon Dioxide
Concentrations in Hong Kong
Fung W.Y.1, Chan S.W.2, Tam K.H.2, Lam K.S. 1
1
Department of Civil & Environmental Engineering, The Hong Kong Polytechnic
University
2
Hong Kong Observatory

Abstract
To help provide CO2 observations in the
Pearl River Delta region, the Hong Kong
Observatory began observing atmospheric
CO2 concentrations at urban King’s Park
Meteorological Station in 2009. Analysis of
the observations made between November
2009 and October 2010 gives a preliminary
indication that the 12-month average CO2
concentration in Hong Kong is about
397 ppm, slightly higher than the global
average value. It also suggests that winter
months in Hong Kong see the highest
concentrations, and summer the lowest.
This analysis also shows very tentatively
that in Hong Kong anthropogenic activities
account for about 2.4%.

1. Introduction
Carbon dioxide (CO2) is emitted
directly by man through respiration, by
vehicles and by industrial activities. It
is absorbed naturally by plants during
the photosynthesis process. The World
Meteorological Organization (WMO)
has reported that in the past 10 years, the
global atmospheric CO2 concentration
has been increasing by about 1.9 ppm per
year. Many countries now monitor the
atmospheric concentration of CO2 [1]. All
have found this concentration to be rising
rapidly and continuously [2].

On account of the rapid increase in
industrial activity and population in the
past 30 years, the Pearl River Delta can
be expected to have become a significant
source of CO2 emission. However,
according to World Meteorological
Organization, there is inadequate
greenhouse gas data from China’s east
coast (Fig. 1) [3, 4, 5, 6, 7, 8]. To establish
a database for the study of trends and
its relationship with climate change in
this region, Hong Kong Observatory
(HKO) began observing atmospheric CO2
concentration from May 2009 at urban
King’s Park Meteorological Station (King’s
Park for short) and from October 2010 at
a rural station at Hok Tsui. The Hok Tsui
station is a collaboration between Hong
Kong Observatory and the Department of
Civil and Environmental Engineering, The
Hong Kong Polytechnic University.
This paper analyzes CO2 concentrations
observed at King’s Park in the 12 month
period between November 2009 and
October 2010 to obtain an initial insight
into its characteristics such as diurnal and
seasonal variations as well as average
values. Furthermore, King’s Park’s
observations are compared with rural
atmospheric CO2 observations made at Hok
Tsui as well as mobile survey conducted in
2010 which covered both urban and rural
areas. The influences of wind direction and
sunshine on CO2 concentrations were also
briefly looked at.
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2. Methods of Measurement
Both King’s Park and Hok Tsui stations
use the non-dispersive infrared CO2
analyzer (model LI-820) manufactured
by the company LI-COR Biosciences to
measure the CO2 concentration.
In this analyzer, ambient air is drawn
into the instrument’s sampling chamber
by a pump through Teflon tubing and
a particulate filter. The sample flow
rate is about 0.5 L/min. An infrared
radiation source inside the analyzer emits
broadband infrared radiation (1-20 μm)
which passes through the measurement
chamber and radiation filters (3.95 μm
and 4.26 μm) until it reaches the sensor.
CO2 molecules that was drawn into the
measurement chamber absorbs infrared
radiation at certain wavelengths; hence
from the intensity of the infrared radiation
detected by the sensor, one can deduce the
ambient CO2 concentration by determining
the zero and span signal regularly. The
length of the measurement chamber of
the LI-820 analyzer is 14 cm, the range
of measurement is 0-2000 ppm and the
precision is 2.5% [9].
Before making observations, the
instruments were calibrated using National
Institute of Standards and Technology
(NIST) traceable gas standards. In October,
2010, a primary CO2 gas standard supplied
by the United States National Oceanic
and Atmospheric Administration (NOAA)
was acquired. Since then, the observatory
calibrates the two LI-820 analyzers using
primary standard. The LI-820 analyzers
are calibrated once every 2 weeks. Both
analyzers show a precision of less than 2
ppm (about 0.5%) within 2 weeks time.
Since atmospheric moisture hasn’t been
removed from the sample air, the present
measurement system can only achieve an
accuracy of 10 ppm (< 2.5%) relative to
4

NOAA standard [10].
2.1 Observations at King’s Park
Meteorological Station
King’s Park Meteorological Station
(22°19’N, 11410’E) is situated on the top
of a knoll in Kowloon (Fig. 2) at an altitude
is about 65 m above sea level. The site is
quite spacious and green, filled with trees
and lawn (Fig.3). Outside the perimeter
of hill, it is totally surrounded by high
rise buildings. The site can be regarded as
representative of outdoor environment of
urban Hong Kong.
In addition, the station is equipped with
rich diversity of apparatus for monitoring
weather and climate, and so it provides
strong support for meteorological analysis.
The CO2 analyzer is installed on the lawn
of the Kings Park Station. The air inlet is
installed inside a Stevenson Screen (Fig.
4). The air inlet is about 1.5 m above the
ground, which roughly equals to the height
of a person. The LI-820 analyzer and data
transmission device are installed under the
Stevenson Screen.
2.2

Observations at Hok Tsui Station

Hok Tsui station is situated at Hok Tsui
Peninsular at the south eastern coast of
Hong Kong Island (22°12’N, 11415’E)
some 20 km from the urban centre of Hong
Kong. . The altitude of the station is about
60m above sea level. The station stands on
the top of a cliff and faces a vast open sea;
there is no major road and settlement within
3 km around the station. It therefore should
be much less influenced by the urban CO2
sources and the concentration measured
here can be regarded as representative of
the background conditions of Pearl River
Delta region most of the time (Fig. 5).
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The CO2 analyzer is installed in an
aluminum cabin whereas the air inlet is
installed on a metal mast that is about 3 m
above the ground (Fig.6).

3.

Results

3.1 CO2 concentrations at King’s Park
3.1.1 Seasonal variation and annual
average

2.3 Mobile surveys
In order to develop a better
understanding of outdoor CO2
concentration and its distribution
characteristics in Hong Kong, the
Observatory and Polytechnic University
jointly conducted an outdoor mobile survey
on 4th November, 2010 from 12.00 noon to
3.00 pm. A light goods vehicle equipped
with a portable CO2 analyzer (TSI, model
8762) and Global Positioning System
(GPS) was used for this purpose.
The resolution of the CO2 sensor is 1
ppm. The sampling rate was 5 seconds,
and the actual position and time of the light
goods vehicle was recorded by GPS every
second. Figure 7 shows the route of the
mobile survey. The mobile survey started
and ended at King’s Park Meteorological
Station, and it covered most area of
Kowloon as well as the rural area of
northeastern part of the New Territories. On
the outbound route, the light goods vehicle
passed through Tate’s Cairn Tunnel to reach
the New Territories; it passed though Lion
Rock Tunnel when it returned to Kowloon.
Before the survey, the CO2 sensor was
calibrated at King’s Park Station using
standard gas. The calibration points of CO2
were 0 and 603 ppm.

Figure 8 shows the monthly average
atmospheric CO2 concentration at King’s
Park between November 2009 and October,
2010. The overall average of these 12
months is 397 ppm. It is about 10 ppm
higher than the 2009 global annual average
value of 386.8 ppm [2]. Also, it was 8
ppm higher than the 2009 annual average
of 389 ppm observed by the Guangdong
Meteorological Bureau in Guangdong [11].
Figure 8 further shows that the highest
concentration, 408 ppm, was observed in
the winter month of January and spring
month of April while the lowest, 384 ppm,
is observed in the summer month of July.
The seasonal averaged CO2 concentrations
for spring, summer, autumn and winter
were 403±2.0 ppm, 389±1.3 ppm, 392±1.6
ppm and 405±1.8 ppm respectively.
The pattern of higher concentrations
in winter/spring and lower concentrations
in summer is in line with the results
found elsewhere. Monthly average CO2
concentrations at Mauna Loa are the
maximum value of 393 ppm in May
2010 and the minimum value of 387 ppm
in September. The corresponding CO2
concentrations at Guangdong are 428
ppm in April 2010 and 351 ppm in August
respectively. It is due to the decrease in
total vegetation cover in the northern
hemisphere between early winter and early
spring which results in the building up of
CO2 concentration in the atmosphere [10,
12, 13].
In summer, the southwest monsoon
prevails over the Pearl River Delta region
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and southern China. It brings in clean
maritime air from the South China Sea.
In winter, Hong Kong comes under the
influence of the northeast monsoon. The
winter monsoon entrains emissions when it
passes over the highly industrialized Pearl
River Delta areas north of Hong Kong
and is likely to be a contributory factor
to the higher concentrations observed in
that season in addition to the effects of
decreased vegetation.
3.1.2 Diurnal variation
The diurnal variation of hourly CO2
concentrations at King’s Park between
November 2009 and October 2010 is
shown in Figure 9. This Figure shows that
CO2 concentration manifests two peaks,
a smaller peak at 8 am and a larger peak
at 8 pm. The lowering of CO2 in daytime
is attributed to photosynthesis of plants,
which absorbs CO2 and CO2 concentration
reached minimum value near noon. It is
worth noting that the CO2 concentration
at 8 am is lower than that at 8 pm. This
may be related to daytime human activities
causing the build-up of CO2 concentration
at evening [14, 15]. This point will be
further discussed in sub-section 3.2.2
below.
The diurnal variation of CO2
concentration in different seasons is shown
in Figure 10. It can be seen that the time
at which the hourly CO2 concentration
reaches a maximum in the morning changes
with the season – the morning peak comes
earliest in summer, followed by spring,
autumn and lastly winter.
The hardly discernible summer
peak value occurs at about 5 am, while
winter peak value occurs at about 9 am.
Referring to the observatory almanac, this
phenomenon is most probably related to the
time of dawn. As the sun rises, plants begin
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to carry out photosynthesis and absorb
CO2. Moreover, convection also starts and
mixes as well as carries CO2 upwards away
from the ground. Both factors reduce the
CO2 near the ground surface after sunrise.
In Hong Kong, the time of dawn in
summer is roughly between 5:30 am and
6 am. On the other hand, the time of dawn
in winter is later which occurs roughly
between 6:30 am and 7 am. Not only that,
convection is generally weaker in winter
due to lower temperature so that the CO2
accumulated near the ground takes longer
to be convected away. Thus the beginning
of afternoon dip occurs later in winter
season.
3.2 Comparison of CO2 concentrations at
King’s Park and Hok Tsui
3.2.1 1-Minute averages and daily
standard deviations
Figure 11 shows the 1-minute average
CO2 concentration time series of both
King’s Park and Hok Tsui from 23rd
October, 2010 to 22nd November, 2010.
During this period, the CO2 concentrations
in King’s Park were mostly higher than
that in Hok Tsui. The average CO2
concentration at King’s Park was 401 ppm
while that in Hok Tsui was 391 ppm. There
is a difference of 10 ppm. The p-value is
significant at the 5% level.
CO2 concentration at King’s Park
also seems to have a greater variation
compared to that in Hok Tsui. The daily
standard deviation calculated from the
hour average is shown in Figure 12. The
larger variation in King’s Park is believed
to be caused by various human activities in
urban area, which brings larger fluctuation
to the atmospheric CO2 concentration in
urban area. On the contrary, Hok Tsui air
monitoring station is located in rural area,
where CO2 concentration is mostly affected
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by variation of background atmospheric
CO2 concentration or meteorological
factors.
3.2.2 Diurnal variation
Figure 13 shows the diurnal variations
of CO2 concentration in King’s Park and
Hok Tsui respectively over a period of 23rd
October, 2010 to 22nd November, 2010. We
have discussed the reason for the fact CO2
concentration in King’s Park had lower
morning peak value than nighttime peak
value in sub-section 3.1.2. In contrast the
nighttime peak value in Hok Tsui is lower
than the morning peak value. That this
is mostly attributable to the lack of CO2
emission sources in rural areas has been
pointed out by many other investigators [5,
16, 17, 18]. The above results suggest that
the Hok Tsui monitoring station is one of
the appropriate places for measuring the
background atmospheric CO2 concentration
in Hong Kong.
3.2.3 Contribution from urban activities
It has been shown in sub-section 3.2.1
that the CO2 concentration at King’s Park is
higher than that in Hok Tsui by about 2.4%.
Thus, taking the CO2 concentration at Hok
Tsui as background concentration, it can
be very tentatively estimated that in Hong
Kong, the CO2 concentration attributable
to human activities in the urban area to be
roughly 2.4%. It is interesting to compare
this figure with other cities. However, after
some literature search, it appears that there
is no data readily available for comparison.
Most of the CO2 concentration observed in
WMO stations has little diurnal change as
these stations are very remote from urban
settlement.

3.3 Comparison of CO2 concentrations
at King’s Park and mobile survey
measurements
Figure 14 shows the variations of
1-minute average CO2 concentration along
the route of the outdoor CO2 mobile survey
carried out on 4th November, 2010. As
the GPS cannot read location data inside
tunnels, the data in the 2 tunnels has not
been shown in Figure 14. Under normal
conditions, the average CO2 concentration
in urban area is 486±58 ppm while that in
rural area is 443±29 ppm. From a statistical
perspective (better than 5% of significant
level), the CO2 concentration in urban area
is significantly higher than that in rural
area.
Based on the data from the mobile
survey on outdoor CO2 concentration,
the CO2 concentration of King’s Park
meteorological station is lower than busy
roads. On the roads, mobile vehicles
and people are the major sources of
anthropogenic CO2 emissions. Before and
after the end of the mobile survey, the CO2
concentration measured in King’s Park
meteorological station were both about
400 ppm, which were almost the minimum
values measured in this mobile survey, and
were similar to the results shown in section
3.1.
From the above analysis, it appears that
even though King’s Park meteorological
station is situated inside the urban core, the
air near King’s Park meteorological station
is not directly affected by pedestrians and
vehicles. This may be due to its altitude
and King’s Park station enjoys an open
environment as well.
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4.

Influence of Wind and
Sunshine

Figure 15 shows relationship between
King’s Park’s CO2 concentrations and
wind direction. It can be seen that during
the days when winds are from the north or
blowing offshore, the CO2 concentrations
are relatively higher compared with days
when winds are blowing from the south or
onshore (see [10] for details.)
The cases of 12th November 2010 and
16th November 2010 are next presented
to provide an illustrative contrast of the
influence of changing wind directions
on CO2 concentrations in Hong Kong;
and the cases 27th October 2010 and 5th
November 2010 the influence of different
sky conditions.
Figure 16 shows the time series of CO2
concentrations at King’s Park and Hok
Tsui on 12th November, 2010. It was sunny
and dry on that day. It can be seen that
when northeast monsoon weakened and
the winds veered to easterly in the morning
(9 am – 12 am), the CO2 concentration
immediately begin to decrease.
On 16th November, 2010 (Figure 17) it
was likewise sunny albeit hazy. However,
on this day the northeast monsoon
strengthened and the winds backed
from easterly to northeasterly. The CO2
concentration in the earlier morning (4
am – 8 am) swiftly increased as the wind
direction changed.
Figure 18 shows the time series of
CO2 concentrations at King’s Park and
Hok Tsui on 27th October, 2010. On that
day Hong Kong was predominantly under
the influence of the northeast monsoon,
the weather was sunny and dry and
winds moderate to fresh in strength. With
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plenty of sunlight, plants carried out
photosynthesis during the day and absorbed
large mounts of CO2. As a result CO2
concentrations at both King’s Park and Hok
Tsui reach their respective minimum values
near noon.
In contrast, on 5th November, 2010
(Figure 19) when Hong Kong was also
under the influence of a moderate to fresh
northeast monsoon, but the weather was
cloudy and rainy. Since the plants had little
photosynthesis, the CO2 concentration rose
instead.

5.

Conclusions

Preliminary analysis of atmospheric
CO2 observations made between November
2009 and October 2010 at urban King’
Park Meteorological Station shows that
the concentration averaged over these
12 months is 397 ppm against the 2009
global average value of 386.8 ppm. It also
indicates that in Hong Kong the highest
seasonal average is in winter when the
offshore northeast monsoon prevails, and
the lowest in summer when the onshore
summer monsoon mostly prevails. In
addition, a comparison of King’s Park’s
observations with those made at rural Hok
Tsui Station in Hong Kong provides the
very tentative estimate that roughly 2.4%
of King’s Park’s CO2 came from human
activities.
Given the very limited data and
cases the above findings are considered
exploratory pending verification as more
data becomes available. Trend analysis and
CO2 related climate change studies in Hong
Kong and the region are work presently
envisaged by the Hong Kong Observatory
in the long term when sufficient
observations are made.
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Other possible future work includes
using more accurate instruments as well as
methodology, install device that removes
moisture from sample air.
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Figure 1:

Global carbon dioxide monitoring network under the Global Atmosphere Watch program of
the World Meteorological Organization (The red circle mark: Hong Kong’s King Park station
was established in 2009) [Source: WMO Greenhouse Gas Bulletin 2009, WMO]

King’s Park urban
meteorological station

Hok Tsui rural
monitoring station

Figure 2:

Locations of King’s Park station of the Observatory and Hok Tsui station of
The HonKong Polytechnic University
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Panoramic view of North to northwest to South to southeast

Panoramic view of East to northeast to West to southwest

Panoramic View of West to southwest to North to northeast
Figure 3:

Panoramic View of King’s Park meteorological station. This station is situated on the top of a
knoll in Kowloon district, the altitude is about 65m above sea level. The site is quite spacious
and green, filled with trees and lawn. Outside the perimeter of hill, it is totally surrounded by
high rise buildings. The site quite represents outdoor environment of urban Hong Kong.

Infrared CO2 analyzer
(model LI-820)

Figure 4:

12

Infrared CO2 analyzer (model LI-820), which is set up on the lawn of the Kings Park Station.
The air inlet is installed inside a Stevenson Screen.
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Panoramic view of North to northeast to South to southeast

Panoramic view of South to southeast to West to southwest

Panoramic view of West to southwest to North to northeast
Figure 5.

Panoramic View of rural Hok Tsui station. This station is located at the south eastern coast
of Hong Kong Island. The altitude of the station is about 60m above sea level. The station
stands on the top of a cliff and faces a vast open sea. It is a site that can quite represent rural
area.

Air inlet

Figure 6:

The CO2 analyzer at Hok Tusi station (left) and the outside air inlet installed on a metal mast
that, which is about 3m above the ground (right).
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Sample inlet of a portable CO2 analyzer (TSI IAQ-Calc, model 8762)

Figure 7:

14

The route of the mobile survey conducted on 4th November, 2010 (bottom) and the CO2
analyzer installed on the top roof of a mobile vehicle (top).
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(Sep,2009 to Oct, 2010)

Figure 8:

Monthly average atmospheric CO2 concentration measured in King’s Park from November,
2009 to October, 2010).
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Figure 9:

Overall diurnal variation of average CO2 concentration in King’s Park (from November
2009 to October 2010).

(Sep,2009 to Oct, 2010)

Figure 10: Diurnal variation of CO2 concentration in different seasons, which is measured in King’s
Park station (from November 2009 to October 2010). [Spring: March to May of 2010;
Summer: July to August of 2010; Fall: November of 2009 and September to October of
2010; Winter: December of 2009 to February of 2010]
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Hok Tsui HT
King’s Park KP
Diff (KP-HT)

Hok Tsui HT
King’s Park KP
Diff (KP-HT)

Figure 11: One-minute average of CO2 concentrations in King’s Park and Hok Tsui
(23rd October 2010 to 22nd November 2010).
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Figure 12: Daily standard deviation of hourly CO2 concentrations in King’s Park and Hok Tsui (23rd
October 2010 to 22nd November 2010).

(23rd Oct,2010 to 22nd Nov, 2010)

Figure 13: Diurnal variations of CO2 concentrations in King’s Park and Hok Tsui (23rd October 2010 to
22nd November 2010).

18

HK MetS Bulletin Vol .20 2010

Figure 14: Variations of minute average CO2 concentration along the route of the outdoor CO2 mobile
survey from the noon to 3 pm on 4th November 2010 (top) and the corresponding CO2
concentration in King’s Park (bottom).
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Figure 15: Relationship between the CO2 concentrations and the prevailing winds in King’s Park (top)
and Waglan Island (bottom) . Data from November 2009 to October 2010.
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Figure 16: Time series of CO2 concentration at King’s Park and Hok Tsui on 12th November, 2010. The
northeast monsoon weakened and winds turned easterly.

Figure 17: Time series of CO2 concentrations at King’s Park and Hok Tsui on 16th November, 2010. The
northeast monsoon strengthened and winds backed from east to northeast. east
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Figure 18: Time series of CO2 concentration at King’s Park and Hok Tsui on 27th October, 2010 under
sunny and dry conditions. Winds were moderate to fresh from the north to northeast.

Figure 19: Time series of CO2 concentration at King’s Park and Hok Tsui on 5th November, 2010 when
the weather was cloudy and rainy. Winds were moderate to fresh from north to northeast.
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Mesoscale Analysis of Two Extreme Weather Events in Hong Kong
T. Kung, Leung W.H., Yeung H.K.
Hong Kong Observatory
Based on the Chinese version originally presented at the 25th Guangdong, Hong Kong
and Macao Meteorological and Technology Seminar, Hong Kong, 26th to 28th January,
2011

Abstract
On 7 February 2010, 94.1mm rainfall
fell in Hong Kong, the highest daily rainfall
ever recorded in that month since records
began 1884. Also, severe thunderstorms
occurred on 9 September that year, with
13,000 lightning strikes occurring in the
one hour between midnight and 0100H, the
highest number since 2005 when collection
of lightning statistics began in Hong Kong.
Using data from automatic weather
stations, Doppler radars, wind profilers,
this paper analyzes the mesoscale
aspects of the heavy rain on 7 February
and the thunderstorms on 9 September.
The potential of using lightning data
in thunderstorm nowcasting is also
investigated.

1.

Introduction

In Hong Kong, winter is usually the
dry season and summer the wet with
rainfall brought about by surface troughs or
convergence zones and tropical cyclones.
However, on 7 February 2010, 94.1mm
rainfall was recorded at the Hong Kong
Observatory. This is the highest rainfall
received in a single day in February since
observations began at that station 1884.
Furthermore, between 1300H and 1500H a
total of 46.1mm rainfall fell, representing
the highest 2-hour rainfall in that month.

In the 6 hours following 2100H on 8
September 2010, more than 25,000 cloudto-ground lightning strikes were counted in
Hong Kong. In addition, between midnight
and 0100H on 9 September, more than
13,000 lightning strikes were recorded,
the highest number of lightning strikes per
hour ever recorded since 2005.
Both are extreme weather events in
Hong Kong. Such events are most often
characterized by smallness in scale,
severity in intensity, swiftness in movement
and randomness in their locations of
development. While operational global
numerical models have demonstrated
considerable skill in forecasting the
development and locations of convergence
zones and the likely areas and intensity
of precipitation, because of the spatial
and temporal resolution as well as data
assimilation schemes they usually employ,
mesoscale features may not be well
captured.
The usefulness of mesoscale analysis
in diagnosing and nowcasting small-scale
severe storms had been reported by e.g.,
[1,2]. Using data from automated weather
stations, Doppler radars, wind profilers,
lightning detection network, as well as
satellite imageries, this paper analyses the
mesoscale aspects of these two extreme
events with a view to eliciting features
which together with numerical guidance
might allow the more timely and precise
forecasting of such extreme phenomena.
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2.

Heavy rain on 7 February
2010

2.1 Synoptic background
On 7 February, a trough or convergence
line over southern Guangdong can be
analyzed on the surface pressure chart (Fig.
1a). By the afternoon, the high pressure cell
behind the trough intensified sufficiently
to push the trough across the South China
coast in the form of a weak cold surge.
This cold surge brought over 50 mm of rain
to the Pearl River Estuary and its vicinity.
2.2 Mesoscale analysis
In relationship to the synoptic scale
trough or convergence line, analysis of
winds reported by automated weather
stations in Guangdong and Hong Kong
shows a mesoscale trough or convergence
line in the immediate vicinity of the Pearl
River Estuary and Hong Kong at 0800H
on 7 February (Fig. 1b). It can be seen
that winds were northerly to the north of
the convergence line, and easterly to its
south and along the South China coast. By
about 1400H, winds along the South China
coast had backed to northerly, indicating
this convergence line had crossed the south
China coast and Hong Kong (Fig. 1c).
This mesoscale convergence line can also
be discerned on the radar-generated radial
velocity chart (Fig. 1d).
On radar, by about noon on 7 February,
a northeast-southwest oriented band of
intense echoes could be seen to have
formed to the west of Hong Kong (Fig.
2). The individual cells within this band
can be noted to be very small, none being
more than 100 km in width. As the surface
convergence line traversed across the
South China coast at about 1400H, so did
the band of echoes in tandem. The 46.1
mm of rainfall recorded in the 2 hours
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from 1300H to 1500H was already close
to the monthly normal total rainfall of
54.4 mm for February (see http://www.
weather.gov.hk/cis/normal/1981_2010/
normals_e.htm#table2). No lightning or
thunderstorm was reported in connection
with this band of echoes.
At about 1400H, near the time of the
heaviest rain in Hong Kong, the wind
profiler in Sham Shui Po indicated that
the presence of a deep westerly wave with
its height extending to above 6 km (Fig.
3a). This upper level wave is likely to be
related to the westerly wave which could
be analyzed on the 7 February 0000UTC
(0800H local time) 500 hPa streamline
chart (Fig. 3b). Uplifting motion ahead
of this trough probably induced the
unseasonal heavy rain.
2.3. Implications for forecasting
Numerical guidance, such as that from
the European Centre for Medium-range
Weather Forecast Model (ECMWF),
available on morning of 6 February showed
an area of heavy rain associated with a
weak surface trough south of 25N on
the evening of 7 February (Fig. 4a). The
corresponding 500 hPa prognostic chart
also indicated that by the same evening a
westerly trough would be located just to
the west of Hong Kong (Fig. 4b).
In the event, the surface convergence
line was driven by a weak cold surge and
crossed the South China coast from north
to south in the afternoon. At about the same
time an upper level wave approached from
the west, possibly enhancing upward lifting
of moisture and consequentially leading to
heavier than usual rain.
Thus, at least for the present case, it
would seem that the timing of passage of
convergence lines and rainfall forecasts
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given by the longer lead time numerical
guidance could be fine-tuned by the close
monitoring of local and regional surface
wind reports from mesoscale observing
networks, the evolving intensity of radar
echoes, and information on the presence and
movement of mesoscale upper air waves as
might be afforded by wind profilers.

3.

Severe thunderstorms on 8
September 2010

3.1 Synoptic background
On the morning of 8 September, a
tropical depression, later named Meranti,
formed over Luzon Strait (Fig. 5) and
began moving westward. The subsiding
air on the outer rim of Meranti brought
light winds and very hot weather to inland
Guangdong where temperatures rose to
above 35oC.
Tephigram shows that in the night of
8 September, the atmospheric stability
was extremely unstable (Fig.6). The K
index is 41, having increased from 37 the
previous night. Moreover, Convective
Available Potential Energy (CAPE) also
rose rapidly from 2942 J/Kg to 5313 J/
Kg. The extremely high CAPE favored the
development of thunderstorms [3].
3.2 Mesoscale analysis
Surface winds at 2130H on 8 September
show a north-south oriented mesoscale
convergence line crossing Hong Kong
from east to west between the evening of
8 September and the early morning next
day (Fig. 7). The passage of this surface
convergence line was also reflected in the
Siu Ho Wan wind profiler upper air data in
which an abrupt shift of winds from west
to east at an altitude of about 1 km after
midnight can be clearly seen (Fig. 8).

The 3-dimensional wind field computed
from integrating the Shenzhen and Tai
Lam Chung Doppler radar data shows
that at 0007H on 9 September, there were
echoes with reflectivity of about 50dBZ at
an altitude of 3km over the northeast part
of Lantau Island (Fig. 9a). At 0020H, a
north-south oriented convergence line was
identified at 1.5 km altitude. The vertical
velocity was rather tight, with downward
speed as high as 6 m/s over the eastern
part of the Hong Kong International
Airport. This represents a squall line
induced by downburst (Fig. 9b). This is
supported by the observation of 15-20 m/
s surface easterly winds to the east of the
Airport Runway (Fig. 9c). As the most
intense echoes migrated westward, they
strengthened to 56dBZ by 1224H (Fig. 9d).
The vertical velocity shows a maximum
upward speed of 3 m/s at 5 km altitude
over the airport, which coincided with the
strongest precipitation and indicated the
presence of deep convection within a single
cell (Fig. 9e).
At 0029H, a mesocyclone can be
identified at 1.5km altitude to the north
of Lantau Island (Fig. 9f) which may be
associated with enhanced deep convection.
At 0037H, the area of maximum vertical
velocity at 5 km altitude increased to 6 m/
s as it moved westward (Fig. 9g). The
associated low-level easterly jet at 1.5
km altitude reached 30 to 40 m/s, thus
providing favorable dynamic conditions
to the single convective cell (Fig. 9h).
The slantwise deep convection and the
downburst associated with this single
convective cell are shown in Figure 10.
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3.3 Analysis of lightning data
The lightning data within a square with
edges of 128 kilometres around Hong
Kong yielded by the lightning detection
network are now analyzed. In 2011, this
detection network has 6 stations, at Sha Tau
Kok, Tsim Bei Tsui, Chung Hom Kok in
Hong Kong, Taipa in Macao, Sanshui and
Huidong in Guangdong (Fig. 11). Within
the network, the efficiency of cloud-toground lightning detection is generally over
90%, and cloud-to-cloud between 10% and
50%.
More than 25,000 cloud-to-ground
lightning strikes were recorded over Hong
Kong during the 6-hour period starting
from 2100H on 8 September. In particular,
more than 13,000 lightning strikes were
recorded in Hong Kong in the single
hour between midnight and 0100H on 9
September, the highest in an hour since
records of lightning data of the Observatory
began in 2005.
Figure 12 shows the number of cloudto-cloud lightning and cloud-to-ground
lightning counts recorded at 10-minute
intervals between 2100H on 8 September
and 0200H on 9 September. It can be seen
that, there were three significant increases
in the number of lightning counts at the
times marked A, B and C. These increases
are believed to be associated with further
development of the thunderstorm under an
extremely unstable atmospheric condition.
It can also be seen that the times at which
the cloud-to-cloud lightning counts began
to increase significantly (at points marked
B1 and C1) was earlier than those of cloudto-ground lightning (at points marked B2
and C2). Other studies (e.g. [4]) have also
pointed out that cloud-to-cloud lightning
usually precedes cloud-to-ground lightning.
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3.4 Possible implications for
thunderstorm nowcasting
From these observations and other
studies [5], it would seem that cloud-tocloud lightning data can provide more
timely information to the forecaster in
thunderstorm nowcasting.
In addition to changes in lightning
counts, lightning density maps could
be useful in monitoring thunderstorm
development. These maps display the
number of lightning per square kilometer
in a specific time interval.
Figure 13a shows the lightning
density map for the total lightning
(including both cloud-to-cloud and cloudto-ground lightning) between 2130H
and 2155H on 8 September. It can be
noted that the location and coverage in
the lightning density map corresponds
very well with those of the radar echoes
(Fig. 13b). Furthermore, the increase in
lightning density corresponds well with
the intensification of radar echoes. This
suggests that lightning density maps can
serve as a possible supplement to radar
data in the monitoring of thunderstorm
development. As the lightning data
are updated every minute, much more
frequent than the 6 minutes for radar data,
its potential application in thunderstorm
nowcasting, at least based on the case
under study, seems to be promising.
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References

Conclusion

Hong Kong was affected by unseasonal
heavy rain on 7 February 2010, and an
extremely high number of lightning strikes
on 8 September 2010. While they share
the common feature of being associated
with a mesoscale surface convergence line,
the first event was mainly triggered by a
weak cold surge coupled with the passage
of an upper level westerly trough, while the
second with an outer rain band associated
with a distant tropical depression.
This study shows that mesoscale
analysis is useful in the nowcasting of
heavy rain and/or severe thunderstorm
events in Hong Kong. In addition,
monitoring the changes in lightning counts
together with lightning density maps, which
are updated more frequently than radar
imageries, may also prove useful in the
nowcasting of thunderstorm development.
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Fig. 1a

Surface pressure chart at 0800H,
7 February 2010 showing the trough
over southern Guangdong (blue
dotted line).

Fig. 1b

Surface observations in the vicinity
of Guangdong at 0800H, 7 February
2010 showing the mesoscale
convergence line over inland
Guangdong (red dotted line).

Convergence line

Zero degree elevation TMS
Doppler Velocity

Fig. 1c
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Surface observations in the vicinity
of Guangdong at 1400H, 7 February
2010 showing the mesoscale
convergence line crossing Hong Kong
(red dotted line).

Fig. 1d

Doppler radar velocity image at
1200H, 7 February 2010 showing the
convergence line over Pearl River
Estuary.
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Fig. 2

Radar image at 1200H 7 February 2010 showing intense echoes to the west of Hong Kong.

Fig. 3a Wind profiler at Sham Shui Po showing a deep westerly wave extending above 6 km.
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Fig. 3b

500 hPa streamline chart at 00UTC 7 February 2010 showing the westerly trough (red
dotted line)

Fig. 4a

ECMWF surface prognostic chart
showing the heavy rain area south of
25N.

Fig. 4b

ECMWF 500 hPa prognostic chart
showing a westerly trough to the west
of Hong Kong.
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Fig. 5

Weather map on the morning of 8 September 2010 showing the formation of a tropical
depression (Pre-Meranti) over Luzon Strait.
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Fig. 6
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Tephigram at 2000H, 8 September 2010.
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Fig. 7

Surface observations at 2130H, 8 September 2010 showing the approach of a mesoscale
convergence line (red dotted line) to the east of Hong Kong.
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Fig. 8

34

Wind profiler at Siu Ho Wan showing the passage of the convergence line shortly after
midnight.
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Convergence line

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

Fig. 9 a-h 3-dimensional wind field computed from integrated radar data on 9 September 2010.

HK MetS Bulletin Vol .20 2010

35

Slantwise
convection

Downburst

Fig. 10

Fig. 11
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Vertical cross-section at 0029H, 9 September 2010 showing the slantwise convection and the
downburst..

Diagram showing the 128km x 128 km square region near the centre of the lightning location
network. The efficiency in lightning detection of cloud-to-ground lightning is greater than 90%
within the area enclosed by the red line.
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Fig. 12

The number of cloud-to-cloud and cloud-to-ground lightning recorded within the 128km x
128km square at every ten minutes intervals between 9 p.m. on 8 September and 2 a.m. on 9
September
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Fig. 13(a) Lightning density maps for the past 30 minutes at 9:45 p.m. and 9:50 p.m. on 8 September
2010

Fig. 13(b)

38

Radar imageries at 9:48 p.m. and 9:54 p.m. on 8 September 2010
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Chasing After The Wind: From Athens To Qingdao

Edwin S.T. Lai
Hong Kong Observatory, 134A Nathan Road, Kowloon, Hong Kong

Abstract
In this study, the verification focus
was on the reliability of wind forecasts,
in particular in the handling of sea breeze
under a light wind regime, derived from
the experimental models run at the Hong
Kong Observatory (HKO), namely the
Non-Hydrostatic Model (NHM, developed
by the Japan Meteorological Agency)
and the Weather Research & Forecasting
(WRF) model (a community model under
an initiative led by the National Center
for Atmospheric Research in the United
States), during the Olympic windsurfing
events in Athens (2004) and Qingdao
(2008). In Athens, WRF was qualitatively
able to simulate the fine inter-play between
the local and regional sea breeze systems,
although its timing of the switch-over
between the two tend to be a couple of
hours earlier than actual. In Qingdao,
WRF wind direction forecasts were
quantitatively shown to be reliable, with a
majority of its forecasts within one octant
of the actual. For wind speed, both models
tend to over-predict; however, NHM was
able to demonstrate its effectiveness in
reducing the observed WRF bias through
an ensemble approach.
Based on the technology and
methodology developed in connection with
the Athens and Qingdao initiatives, weather
information for local water sport activities
is now routinely made available on the
HKO website. With further development

and improvement effort down the line, we
can look forward with reasonable optimism
that the difficult challenge of providing
wind forecasts in support of wind-sensitive
recreational activities will ultimately
reap the benefits of the knowledge and
experience gained.

1.

Introduction

Windsurfing is a water sport critically
dependent on the weather, in particular the
winds. To gain an advantage over other
competitors, sailors need to stay one step
ahead of the ever-changing weather, e.g.
abrupt wind shifts due to the onset of sea
breeze. In major tournaments such as the
American Regatta or the Olympic Games,
the organizers usually appoint the national
meteorological service of the host country
(Rothfusz et al. 1998; Powell and Rinard
1998; Spark and Connor 2004) to provide
weather forecasts and information to the
participants. For the more privileged
teams, they even engage their own
dedicated meteorological consultants to
provide tailor-made forecasts and advice
for the formulation of race tactics.
It was in windsurfing that Lee Lai-shan
famously won the first ever Olympic gold
medal for Hong Kong in Atlanta 1996. In
preparation for Sydney 2000, the Hong
Kong Observatory (HKO) was informally
sounded out for providing meteorological
support to the sailors competing in the
games. However, the idea was not pursued
further owing to the relative lack of reliable
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forecasting tools at the time. Then came
Athens 2004 and at the request of the then
Hong Kong Sports Development Board1,
HKO undertook to provide the Hong
Kong Olympic Windsurfing Team with
specialized meteorological services and
technical support. The collaboration proved
to be so successful that the arrangement
was replicated for Beijing 2008, with the
windsurfing events staged in the coastal
city of Qingdao.
The information flow for the services
provided in Athens (similar for Qingdao),
from data collection, analysis, numerical
computation, prognostic products
generation, results interpretation, forecast
formulation to service delivery, is
illustrated in Fig. 1. Direct model output
(DMO) was processed automatically to
extract a time series of offshore winds and
inland temperatures, the latter a critical
consideration in the setting up of sea breeze
circulation. The time series were iconized
and arranged in a clock-style display that
fitted nicely onto a cell phone or PDA
screen for direct transmission to the sailors
(Fig. 2).
A dedicated Internet portal site was
purposely set up for the sailors to visualize
the relevant meteorological information.
In addition to the weather forecasts and
briefings sent by email, the sailors could
easily check all the automated DMO
products from the portal. Instead of relying
solely on the official forecasts separately
received from the event organizers, Hong
Kong sailors could also readily compare
and evaluate weather information and
forecasts from all sources, either directly
generated by or relayed via HKO.
Available computer forecasts for Athens
and Qingdao run by major weather centres
1. dissolved and functionally replaced by the Hong Kong
Sports Institute Limited established on 1 October 2004.
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around the world were also interpreted
and analyzed by HKO’s dedicated team of
windsurfing forecasters in the formulation
of subjective forecasts. As a result, the
sailors also benefited from such valueadded assessment of possible alternative
weather scenarios in drawing up their game
plans.
The deployment of resources by HKO
was of course all done for a good cause
in support of major sporting endeavour
that drew much public and media interest.
But more importantly, from HKO’s
development perspectives, the windsurfing
events offered timely and ready-made
opportunities for HKO to test and critically
examine the capability of high resolution
numerical weather prediction (NWP)
models developed over the past decade.
Very often, the emphasis has been placed
on the models’ performance in quantitative
precipitation forecasts (QPF) and associated
nowcasting applications (e.g. warning
of rainstorms). Relatively speaking,
winds tend to attract less attention, except
when forecasting of tropical cyclones
are involved. The common assumption
is that robust dynamics is the strength of
NWP models. Synoptically, forecasters
have grown used to interpreting dynamic
indictors such as vorticity and divergence
derived from the models’ wind fields. Yet
with horizontal model resolutions now
down to a couple of kilometres, wind
forecasts on the finer scale remain largely
unproven.
If QPF is notoriously difficult to verify
given its spatial and temporal variability,
then validation of a vector quantity such
as wind at the finer spatial and temporal
scales is no less problematic. Very often,
verification studies naturally tend to focus
on the hazardous extreme conditions
associated with high wind regimes such
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as those associated with tropical cyclones.
The windsurfing challenges actually
prompt us to look at the gentler side of
winds for location-specific applications.
As mentioned, windsurfers need to
know the wind speeds and shift in wind
directions along a sailing course of a
couple of kilometres in length and over a
race period that lasts no more than a few
hours. For the event organizers’ planning
purposes, the main concern is no winds (less
than 3 ms-1) and if so, the timing of onset
of significant winds that would allow the
races to proceed.
As such, among the many facets of
forecast results that we can work on from
Athens (Section 2) to Qingdao (Section
3), the focus of discussion will be mostly
on model-based forecast capability in
terms of: (a) in Section 4: changes in wind
directions, particularly in response to subsynoptic mechanisms such as sea breeze
circulations; and (b) in Section 5: scenario
forecasts with respect to wind speeds.
Apart from forecasts directly generated
from in-house HKO models (more details
in Sections 2 and 3), external models’ data
as well as actual observations were mostly
retrieved online from web portals specially
set up for the Olympic events.

2.

In Athens (Fig. 3a)

Races were held over the offshore
waters near the coastal town of Helliniko,
approximately 14 km south of Athens.
The weather in the Athens basin is usually
hot, dry and sunny in the summer months
(April to September). However, the
distribution of temperatures has a large
spatial variability due to terrain effects,
surface characteristics and the proximity
of water bodies. On the hottest days, the
maximum temperature inland can reach
39oC or above. Gentle sea breezes bring

relatively comfortable temperatures to the
coastal strip.
While thunderstorms accompanied by
heavy squalls and gusty winds do occur
from time to time due to excessive ground
heating, windy weather is more often
associated with a dry northerly airstream
called the Meltemi over the Aegean Sea.
Synoptically, the Meltemi is the result of
air flowing from a ridge of high pressure
over southeastern Europe towards a
lingering heat trough over Turkey. In the
Meltemi regime, northerly winds tend to
persist throughout the day, and may reach
strong to gale force over the Aegean Sea
and the islands.
For the sea breeze regime, winds tend
to attain maximum strength, with speed
reaching up to 5 ms-1, later in the day as
the wind direction backs to southerly. The
onset of sea breeze in Helliniko usually
takes place in the morning. The onset time
depends largely on the relative strength of
the background flow and the temperature
contrast between land and sea (Prezerakos
1986 and Asimakopoulos et al. 1999).
In weak background flow situation, the
sea breeze occurs about 2.5 hours after
sunrise, i.e. around 8 a.m. local time
(sunrise between 5:30 a.m. and 6:00 a.m.
in August). Typically, light winds, mostly
westerly or northwesterly, prevail in the
morning. As the day progresses, the wind
direction turns anti-clockwise progressively
towards a southwesterly direction
perpendicular to the coastline by noon,
and backs continuously to southerly in the
afternoon. This anti-clockwise rotation of
sea breeze has been studied by Zambakas
(1973) and Prezerakos (1986). The initial
onset of sea breeze is thought to be a local
scale phenomenon mainly controlled
by the temperature contrast between the
waters of the Saronikos Gulf and the
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heated hinterland. This local sea breeze
is eventually over-ridden by the broader
scale regional sea breeze circulation of
the open seas, which has a predominantly
southeasterly component and hence the
observed anti-clockwise tendency in the
shifting of wind directions.
The Weather Research and Forecasting
(WRF) model is a finite-difference, nonhydrostatic, freely available community
model. At 5-km resolution, WRF could
just about resolve meso-β scale (i.e. 2 to
20 km) phenomena (Fujita 1981), such
as the evolution of sea breeze circulation
typically found in the Saronikos Gulf.
For this purpose, WRF (version 1.2) was
configured at 5-km horizontal resolution
with 45 vertical levels, covering the domain
from 21oE to 26oE and from 35.5oN to
39.5oN. Model data from the 18-UTC run
of the National Center for Environmental
Prediction’s (NCEP) Global Forecast
System (GFS) model were utilized to
provide the initial and boundary conditions.
The daily model run was initialized at the
main synoptic hour of 00 UTC (i.e. 8 a.m.
in Hong Kong). The execution of a 24hour forecast simulation took about an
hour. Generation of model products was
completed by about 02 UTC (i.e. 10 a.m.
in Hong Kong and 5 a.m. local time in
Greece), ready for automated dissemination
to the sailors in Athens.
Model comparisons against the nonhydrostatic HNMS-LM (Hellenic National
Meteorological Service – Local Model)
and NOA-MM5 (National Observatory of
Athens Mesoscale Model), the “official”
NWP output available online at the time,
were carried out at a point near the Agios
Kosmas Olympic Sailing Centre where
model data and observations were readily
co-located and no interpolation was
required. Fig. 4 shows the mean errors
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and root-mean-square errors (RMSE) of
the three models as functions of time.
In terms of RMSE, WRF performed
the best on temperature forecasts and
compared favourably against HNMSLM and NOA-MM5 in wind (direction
and speed) forecasts. As for bias, WRF
showed smaller mean errors than the other
two models in temperature forecasts, and
matched the performances of HNMSLM and NOA-MM5 in wind speed and
direction forecasts respectively.

3.

In Qingdao (Fig. 3b)

Qingdao’s climate is of the monsoon
type, generally hot and humid in the
summer but very hot days are rare.
Qingdao is a city surrounded by seas and
hills. South of the city, or north of the
sailing area, the topography is complex
with the highest mountain reaching an
altitude above 1 km. In August, the month
of the Olympic sailing events, Qingdao is
usually calm and humid, and the winds tend
to be the weakest in the year. On the other
hand, the occasional passages of tropical
cyclones over the East China Sea can also
bring hazardous wind conditions to the
race areas. The dominant synoptic feature
is the subtropical high pressure system
over the western North Pacific which
brings generally fine and settled weather.
A study by Sheng et al. 2009 showed that
the southeasterly sea breeze normally set
in around noon time when Qingdao was
located on the periphery of the subtropical
high, with wind speeds typically more than
3 ms-1 (i.e. the threshold for “race” or “no
race”). If dominated by the subtropical
high, the onset time tend be in the early
afternoon with wind speeds typically less
than 3 ms-1. A long spell under the wind
doldrums will severely limit the number of
race days available.
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For Qingdao, WRF (WRF-ARW 2.2.1;
see Appendix I for model configuration)
was run at 12 and 18 UTC out to 24 and
18 hours respectively to provide forecast
support to the Hong Kong Windsurfing
Team for the coming day. The model was
configured with the finest grid at 3-km
resolution, a 100 x 100 horizontal grid, 45
vertical levels and centred at the Olympic
Sailing Centre of Qingdao. Tailormade forecast time-series products were
delivered to the windsurfing team similar
to the arrangement for Athens.
In addition to WRF, the experimental
Non-Hydrostatic Model (NHM) originally
adapted from JMA (Saito et al. 2006) was
also deployed for Qingdao. It was operated
daily with model initialized at 18 UTC
to provide forecast guidance up to T+18
hours. The model was configured with the
finest grid at 3-km resolution, a 151 x 151
horizontal grid, and 45 vertical levels (see
Appendix II for model configuration).
During a trial event, the Qingdao
Olympic Test Regatta, in August 2007,
WRF’s wind forecasts, as compared against
NHM’s and the “official” forecasts from
Qingdao Meteorological Bureau (QMB),
were found to be: (a) more reliable than
NHM and comparable to QMB in terms of
wind direction; and (b) over-predicting in
terms of wind speed. As such, while there
could be some advantages in combining
WRF’s forecast products with NHM
outputs to generate ensemble forecasts
(ESB) for site-specific guidance on wind
speed and temperature at the sailing
venue, forecasts of wind direction were
based solely on WRF. Derivation of an
“ensembled” wind direction between two
vector quantities was by itself problematic;
a meaningful physical interpretation of its
outcome would be even more debatable.
As such, the adopted approach also served

to circumvent the potential technical
difficulties that could arise.
Similarly, for the event proper in 2008,
temperature and wind speed forecasts were
based on the model ensemble of WRF and
NHM, while wind direction relied solely
on WRF forecasts. Effectively, NHM wind
forecasts were mainly used to balance
against WRF’s positive bias in wind speed
prediction. Verifications were undertaken
against wind observations at Buoy A
and temperature reports at Fulongshan
during the race period of 10 – 20 August.
Comparisons were made against official
QMB subjective forecasts as issued for
the daily weather briefings, and the results
were summarized in Tables 1 (maximum
temperature) and 2 (wind speed). Similar
to the results in the 2007 Qingdao Olympic
Test Regatta, NHM’s wind direction
forecasts were not as good as WRF’s
(results not shown). However, NHM had
smaller errors than WRF in both wind
speed and daily maximum temperature
forecasts. In terms of bias, absolute mean
error and RMSE, model-based forecasts
were generally better than QMB forecasts
in the prediction of daily maximum
temperatures, but not as reliable for wind
speeds. For wind directions, verification
results are discussed in the context of sea
breeze forecasts in the next section.
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4.

Sea Breeze Forecasts and
Verification

In Athens
Based on the clock display for
delivering the forecast information
(see Fig. 2), observations of winds and
temperatures are plotted alongside in Fig. 5
to compare the actual and forecast trends.
Comparisons were made over a fortnight
period from 12 to 25 August 2004. WRF
forecasts were validated against hourly
observations at Buoy B just off the coast
for winds (and hence sea breeze onset) and
at Nea Philadelphia (in the hinterland deep
within the Athens basin) for temperatures
over land. Qualitatively, WRF’s trends
were generally reliable except for 17 and
22 August when the effects of the Meltemi
appeared to be over-predicted. WRF did
quite well in forecasting the Meltemi
episodes on 15 – 16 and 24 August, but
quantitatively the over-prediction of wind
strength was evident. On most other days,
the recurrent theme was the backing of
winds to southerly direction later in the day
in response to the setting in of local and
regional sea breeze circulations, except on
23 and 25 August (i.e. before and after the
Meltemi episode on 24 August) when the
sea breeze mechanisms, as also correctly
predicted by WRF, were apparently not
quite strong enough for the whole process
to be established or completed.
On days when the sea breeze took
hold, forecasts of the timing of wind shift
between the southwesterly local sea breeze
and the south/southeasterly regional sea
breeze were of particular interest. Most
of the races took place in the latter part of
the day and any changes in wind direction
would affect the sailors’ race tactics. As
already mentioned, WRF failed to predict
the correct wind scenarios on 17 and 22
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August, two of the nine sea breeze days
observed (i.e. a 22% miss). From Table
3, for the remaining seven sea breeze
days when comparisons could be made,
WRF’s timing, except for 14 August, was
in general earlier than actual: by one hour
on four days and by two to three hours on
the other two days. This suggested that
WRF tend to under-estimate the strength
and persistence of the local sea breeze
circulation. WRF’s systematic cold bias
of 2 – 4 degrees in forecasting the inland
temperatures at Nea Philadelphia (results
not shown), a useful indicator to assess the
likelihood of local sea breeze, seemed to
support such a conclusion.
In Qingdao
Unlike in Athens where the switchover between the local sea breeze and the
regional sea breeze was quite well reflected
in the backing of winds from southwesterly
to south/southeasterly during the day,
there was basically only one southeasterly
sea breeze system in Qingdao. With the
prevailing background wind being mostly
easterly as well under the influence of the
Pacific ridge in August, determination of
sea breeze onset timing was problematic.
During the study period, easterly (or veering
of winds from a northeasterly direction)
could happen quite early in the day. While
the tendency for winds to veer further to a
southeasterly direction in response to the
sea breeze later in the day was also present,
the signals on most days were weak and the
onset timing could not be pinpointed with
confidence.
So rather than trying to repeat what was
done for Athens, hour to hour forecasts of
wind directions, from 8 a.m. to 6 p.m. each
day on 10 – 20 August 2008, in Qingdao
were verified by categorizing the wind
directions based on a 8-point compass:
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i.e. eight octants with northerly as Octant
1 (0 or 360 deg bearing ± 11 deg),
northeasterly as Octant 2 (45 deg bearing
± 11 deg), easterly as Octant 3 (90 deg
bearing ± 11 deg), and so on. Departures
from the actual were quantified by how
much they differed in terms of number of
octants, and the results are summarized in
Table 4. WRF produced generally better
forecasts than QMB, with WRF having
78% of forecasts within one octant from
actual as compared against QMB’s 74%.
However, QMB’s subjective value-added
forecasts, with human input that had the
capacity to inject local information such as
exposure and microclimate considerations,
were nonetheless more precise as 42% of
QMB forecasts were spot on in the same
octant, as compared against WRF’s 36%.
Results also revealed a strong negative
or “right” bias in WRF’s wind direction
forecasts. The ratio between “right”
(tendency for forecast winds to “back”
from actual winds) and “left” (tendency
for forecast winds to “veer” from actual
winds) bias was as much as 2:1. QMB
forecasts, presumably also based on some
kind of NWP guidance, showed similar
bias. The relatively weak southerly
tendency in model wind directions could
be partly attributed to the under-prediction
of daytime inland temperatures (see Table
1) and hence a less prominent sea breeze
circulation in the models.

5.

Wind Speed Forecasts and
Verification

In Athens
Fig. 6 is the scatter plot between
WRF forecast wind speeds and actual
observations. For observed wind speeds
over 6 ms-1, the model had a tendency to
under-predict. But moving into the lighter
wind regime towards the bottom left corner
of the plot, the tendency to over-predict
became increasingly obvious. In fact, for
winds less than 3 ms-1, the over-prediction
bias of WRF was actually quite severe.
In other words, if a decision was to be
made whether the races could take place,
WRF’s assessment would have been far too
optimistic.
In Qingdao
As already mentioned, WRF’s tendency
to over-predict the wind speeds was also
noted during the 2007 Olympic Test
Regatta in Qingdao. As such, with the
availability of NHM forecasts, NHM wind
speeds were tactically included to generate
model ensemble forecasts that partly helped
to reduce the known deficiency of WRF
during the Olympic events in 2008. Results
as verified against wind observations at
Buoy A over the period 10 – 20 August
2008 are shown in the contingency tables
in Table 5; QMB’s subjective forecasts are
also tabulated alongside. The intention is
to illustrate how effective “race” (> 3 ms1) or “no race” ( ≦ 3 ms-1) decision can
be made based on the forecast information
given.
Within the 11-day verification period
and among the 11 daylight hours (from
8 a.m. to 6 p.m.) each day, there were
missing data at three of the observation
hours, hence leaving only 118 sets of
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forecast (WRF, NHM, ESB and QMB) and
observation data for validation. In fact,
more than half of the observations were “no
race” hours (62 out of 118 forecast hours,
i.e. around 53%). All forecast sources gave
less than half “no race” hours, once again
reflecting the common tendency to overpredict the wind speed in the lighter wind
regime. While ESB forecasts (Table 5(c))
did reduce the over-prediction bias of wind
speed by WRF (Table 5(a)) to a certain
extent, results also suggested that using
NHM forecasts alone (Table 5(b)) would
be just as good if not better.
While QMB (Table 5(d)) performed
best in terms of accurate scenario forecasts
with 76 correct forecasts out of 118
forecast hours (i.e. a success rate of 64% as
compared to 54% for WRF, 61% for ESB
and 62% for NHM) for either “race” or
“no race”, its strength actually was in the
forecast of light wind conditions. For 62
observation hours with winds of 3 ms-1 or
less (i.e. “no race” scenario), QMB had a
probability of detection of 60%, compared
to 37% for WRF, 47% for ESB and 48%
for NHM. On the other hand, WRF had a
distinctly higher false alarm rate of 39%
for “no race”, compared to 30% or 31% for
forecasts from the other three sources.
For stronger winds, the models generally
performed better than QMB (success rates
in descending order: 77% for NHM and
ESB, 73% for WRF and 70% for QMB).
This showed that the main contribution
in human “post-processing” of the model
forecasts was mostly in terms of correcting
the model winds to near-surface observed
values under more static conditions when
local factors played a more significant role.
When the background flow was strong
enough, the need for such corrections
became less critical.

46

6.

Summary and Challenges

In response to a new challenge, HKO
successfully navigated across uncharted
waters with great dedication and
resourcefulness. Expertise and knowledge
across different core activity areas were
purposely pooled together for a common
goal, and breakthrough was achieved in the
sense that:
1. the first time real-time specialized
forecasting services were provided by
HKO in support of Olympic sporting
events;
2. the first time NWP models were
specially configured and remotely run
in HKO for a forecast domain outside
Hong Kong.
Not only did the expended development
effort produce effective results for the
mentioned events, it also opened up new
possibilities and broadened HKO’s service
perspectives for other events of similar
nature. Since then, HKO’s forecasting
systems, both NWP and nowcasting, have
been deployed to provide weather support
for other major sporting events, such as
the Hong Kong East Asian Games in
2009, the Commonwealth Games in New
Delhi and the Asian Games in Guangzhou
in 2010. HKO’s expertise in the field, at
technical as well as service levels, are now
internationally recognized.
Results of forecast verification both for
Athens and Qingdao indicated that forecast
guidance provided by HKO compared
favourably against other “official”
forecasts, either subjective or model-based.
In this study, the verification focus was
on the reliability of DMO wind forecasts,
in particular the handling of sea breeze
under a light wind regime. In Athens,
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WRF was qualitatively able to simulate
the fine inter-play between the local and
regional sea breeze systems, although its
timing of the switch-over between the two
tend to be a couple of hours earlier than
actual. In Qingdao, the actual timing of
sea breeze was itself difficult to ascertain.
Nevertheless, WRF wind direction forecasts
were quantitatively shown to be reliable,
with a majority of its forecasts within
one octant of the actual. Here, subjective
QMB forecasts were able to add value
by sharpening the focus a bit better and
produced more forecasts that fell exactly in
the correct octant. For wind speed, NWP
models tend to over-predict the wind speed
in the light wind regime. However, NHM
was able to demonstrate its effectiveness
in reducing the observed WRF bias in the
wind speed through a model ensemble
approach. In scenario forecast of “race” or
“no race”, WRF and NHM were both better
than QMB on the “race” side. But for “no
race” scenario, QMB performed best in
terms of probability of detection, while
WRF had a distinctly higher false alarm
rate compared to the other three.
Building on a relative measure of
success, the following areas are highlighted
for further studies in future research
and development effort to improve the
capability and usefulness of NWP products
in site-specific wind forecasts:
a. Enhancement of high-resolution
NWP models, in particular more
observational data, better data
assimilation method, as well as
more sophisticated model physics.
For example, one possible reason
behind the cold bias in WRF could
be due to inadequate land-surface
physics, which in turn would affect
the strength and timing of the sea
breeze; and for the experimental

b.
c.
d.

e.

deployment of NHM during the
Qingdao event, a more sophisticated
JNoVA-3DVAR data assimilation
scheme for NHM was yet to be
implemented.
Forecast uncertainty and alternative
scenarios assessment using a multimodel ensemble approach.
Post-processing techniques for
winds.
Evaluation of the effectiveness of
site and time specific verification
strategies for a highly variable vector
quantity such as wind, including the
validation of the snap-shot nature of
model winds against reported winds
that are normally averaged over a
finite time period, e.g. 10-min wind.
Systematic assessment of forecast
accuracy and reliability from end
users’ perspectives.

The focus of this study is very much
on the performance of DMO output in the
absence of post-processing treatment and
human adjustment. The question naturally
arises whether there is a need for human
intervention in “fine-tuning” the wind
forecasts. During the implementation phase
for both Athens 2004 and Beijing 2008,
a dedicated team of forecasters did apply
their professional judgment in compiling
daily assessment briefs for the sailors, with
emphasis on wind shifts and sea breeze
onset timing, information the sailors were
most concerned about. We have already
seen that QMB subjective forecasts for
Qingdao, possibly with the benefit of
local experience in terms of exposure
and microclimate consideration, have
apparently added values to the prediction of
light winds (“no-race” scenarios) and wind
direction. Even though HKO forecasters
did not have such local knowledge to call
on, the injection of subjective judgement
was still considered worthwhile on two
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counts: (a) by close monitoring of model
performance and taking advantage of the
latest observations in a kind of nowcasting
approach, model forecasts could be
meaningfully adjusted; and (b) by taking
into account all available model guidance
from advanced NWP centres, multi-model
ensembles could provide a more balanced
view, and scenario/uncertainty assessment
could also be made.
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Unlike the host meteorological service
which had to follow the “official” model,
outside services like HKO had no such
obligations and could therefore make use
of the best information available to advise
her clients. Discrepancies among different
NWP models were not uncommon and
forecast uncertainty could be quite large
in some cases. A deterministic forecast
without due considerations given to other
possible scenarios might actually be
misleading and counter-productive. As
such, it was a conscious decision to include
in the daily briefs an assessment of the
alternative scenarios, an approach much
appreciated by the sailors.
Based on the technology and
methodology developed in connection with
the Athens and Qingdao initiatives, weather
information for local water sport activities
is now routinely made available on the
HKO website. With further development
and improvement effort down the line, we
can look forward with reasonable optimism
that the difficult challenge of wind forecasts
in support of wind-sensitive recreational
activities will ultimately reap the benefits
of the knowledge and experience gained.
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Appendix I
Configuration of WRF for Qingdao domain:
WRF-ARW 2.2.1
Outer grid
Inner grid
Horizontal resolution
9 km
3 km
# of grid points
100x100
100x100
# of vertical levels
45
45
Model top (hPa)
50
50
Initial time
12/18 UTC
12/18 UTC
Forecast range (hour)
24 for 12Z, 18 for 18Z
24 for 12Z, 18 for 18Z
Initial condition
NCEP GFS (half degree) at 12/18 UTC
Boundary condition
NCEP GFS (half degree) at
Outer grid
12/18 UTC
Projection
Lambert conformal
Topography
USGS 30-second data
Land-use characteristics USGS 30-second data
Dynamics
Fully compressible non-hydrostatic equations, solved by timesplit integration of 3rd order Runge-Kunta scheme with smaller
time step for acoustic and gravity-wave modes
Cloud microphysics
Eta Ferrier scheme which predicts changes in water vapor and
a total condensate, with diagnostic mixed-phase processes.
Convective
Kain-Fritsch
Nil
parameterization
Surface process
Surface: Eta similarity
Land-surface model: Noah LSM, predicting 4-layer soil
temperatures and moisture
Boundary layer process Mellor-Yamada-Janjic scheme: one dimensional prognostic
turbulent kinetic energy scheme with local vertical mixing.
Atmospheric radiation Longwave: RRTM scheme.
Turbulent mixing

Shortwave: Dudhia scheme
The eddy viscosities, Ks, for horizontal diffusion is diagnosed
from horizontal deformation. Vertical diffusion is handled by
PBL model.
Total integration for both grids: 1 hrs for 12 UTC and 45 mins
for 18 UTC

Run-time requirement
using 11 nodes of
Galactic SuperBlade
(dual Xeon at 3.2 GHz)
Nesting method
One-way nesting
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Appendix II
Configuration of NHM for Qingdao domain (Operation in 2008):
Version: NHM0712
Horizontal resolution
Horizontal grid
No. of grid points
Vertical coordinate
No. of vertical levels
First model level above ground
(for horizontal momentum, pressure,
temperature and moisture)
Model top
Initial time
Forecast range
Initial condition (IC)
Boundary condition
Nesting configuration
Projection
Topography
Land-use characteristics
Dynamics

3 km
Arakawa C
151x151
Terrain following height coordinates using Lorenz grid
45
10 m

19.4 km
18 UTC
18 hours
6hr forecast from full resolution 20 km JMA GSM
Full resolution 20 km JMA GSM forecasts
One-way nesting
Lambert conformal
USGS GTOPO30 (smoothed to 1.5 times horizontal res.)
USGS Global Land Cover Characterization (GLCC)
Fully compressible non-hydrostatic governing equations,
solved by time-splitting horizontal-explicit-verticalimplicit (HEVI) scheme using 4-order centred finite
differencing in flux form; No splitting of gravity-wave and
momentum terms in inner model.
Cloud microphysics
Three ice bulk microphysics scheme (Ikawa and Saito
(1991), based on Lin et al. (1983))
Cloud moisture variables included in IC No
Convective parameterization
Nil
Surface process
Land: Beljaars and Holtslag; Sea: Beljaars
Stomatal resistance and temporal change of wetness
considered. 4-layer soil model to predict ground
temperature and surface heat flux.
Turbulence closure and Planetary
Mellor-Yamada-Nakanishi-Niino Level 3 (MYNN-3)
boundary layer (PBL) process
(Nakanishi and Niino, 2004) with partial condensation
scheme (PCS) and implicit vertical turbulent solver:
prognostic variables including TKE, covariance and
correlation of perturbation liquid water potential
temperature and liquid water content;
Mixing length determined by length scales of eddies near
surface, vertical structure of TKE and buoyancy effects;
Height of PBL calculated from virtual potential
temperature profile.
Atmospheric radiation
Long wave radiation process follows Kitagawa (2000)
Short wave radiation process using Yabu and Kitagawa
(2005) (as in GSM-0412)
Prognostic surface temperature included; Cloud fraction
determined from PCS.
Run-time requirement using 11 nodes
About 2.5 hr
of Galactic SuperBlade (dual Xeon 3.2
GHz)
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Table 1

WRF

NHM

ESB

QMB

Bias

-0.56

-0.58

-0.65

-0.88

Absolute Mean Error

1.07

0.80

0.89

1.32

RMSE

1.32

1.15

1.11

1.61

Table 2

52

Forecast verification of daily maximum temperatures for Fulongshan at Qingdao
(10 – 20 August 2008); errors in deg C.

Verification of hourly forecasts (8 a.m. to 6 p.m.) of wind speeds for Buoy A at Qingdao
(10 – 20 August 2008); errors in ms-1.

WRF

NHM

ESB

QMB

Bias

1.21

0.38

0.80

0.36

Absolute Mean Error

2.03

1.72

1.65

1.17

RMSE

2.62

2.14

2.01

1.55
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Table 3

Verification of WRF DMO timing of wind shift between local scale sea breeze
(southwesterly) and regional scale sea breeze (south to southeasterly) at Athens, defined as
on-the-hour buoy winds backing to southerly (180 deg bearing) or east of south.
Sea Breeze Days

Actual Timing
(Greece local time)

Forecast Timing
(Greece local time)

12 Aug

3 pm

2 pm

13 Aug

3 pm

2 pm

14 Aug

2 pm

3 pm

17 Aug

4 pm

Not forecast (i.e. miss)

18 Aug

4 pm

3 pm

19 Aug

4 pm

3 pm *

20 Aug

3 pm

12 noon *

21 Aug

3 pm

1 pm

22 Aug

2 pm

Not forecast (i.e. miss)

(* forecast winds later in the day not available due to incomplete model runs)
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Table 4

Verification of wind direction forecasts at Qingdao for the period 10 – 20 August 2008 based
on a 8-point compass (see text for details). A nil value means the forecast and actual wind
directions are well aligned in the same octant, and a value of ± 4 means the forecast wind
comes from the opposite octant. Positive (negative) values mean winds are forecast to blow
from octants left (right) of the actual wind looking downwind.

Differences in octants between forecast and actual wind directions
-3
-2
-1
0
+1
+2
+3
±4
No. of forecasts by
WRF
No. of forecasts by
QMB

Table 5

54

3

11

33

42

17

4

3

5

5

16

23

49

15

6

3

1

“Race” (> 3 ms-1 ) or “no race” ( ≦ 3 ms-1) scenario validation based on hourly forecasts of
wind speeds at Qingdao for the period 10 – 20 August 2008 (total: 118 forecast hours) from:
(a) WRF; (b) NHM; (c) ESB (ensemble of WRF and NHM); and (d) QMB.

WRF

Forecast
≦ 3 ms-1

Forecast
> 3 ms-1

NHM

Forecast
≦ 3 ms-1

Forecast
> 3 ms-1

Observed ≦ 3 ms-1

23

39

Observed ≦ 3 ms-1

30

32

Observed > 3 ms-1

15

41

Observed > 3 ms-1

13

43

ESB

Forecast
≦ 3 ms-1

Forecast
> 3 ms-1

QMB

Forecast
≦ 3 ms-1

Forecast
> 3 ms-1

Observed ≦ 3 ms-1

29

33

Observed ≦ 3 ms-1

37

25

Observed > 3 ms-1

13

43

Observed > 3 ms-1

17

39
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Fig. 1

Schematic diagram showing the operational information flow in support of the Hong Kong
Olympic Windsurfing Team competing in Athens in August 2004 (similar arrangement for
Qingdao in August 2008).

Fig. 2

Sample of the clock-style display used in Athens (similar for Qingdao) specially designed
for convenient viewing on cell phone and PDA screens. The forecast hour is read off
directly from the clock position in Greece local time. The arrow direction is forecast wind
direction, while the embedded number is forecast wind speed in knots. The numbers in the
inner circle are forecast inland temperatures in degree Celsius.
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Fig. 3a

56

Sailing venue (at Agios Kosmas) for Athens 2004. The windsurfing races took place close to
Buoy B on the near-shore side.
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Fig. 3b Sailing venue (at Qingdao) for Beijing 2008. The windsurfing races took place close to Buoy
A.
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HNMS-LM

NOA-MM5

Fig. 4 – Model performance (left column: HKO-WRF; central column: HNMS-LM; right column: NOA-MM5) with respect to wind direction in
degrees (top row), wind speed in ms-1 (middle row), and temperature in degree Celsius (bottom row), plotted against time of day (9 a.m. to 6 p.m.)
during the period of 12 – 25 Aug for Athens 2004. Mean errors (bias) are shown in bars; RMSE are shown in dots.

HKO-WRF
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Fig. 5 – Observations plotted against the clock-style forecast display (see Fig. 2) on 12 - 25 Aug for Athens 2004 (truncated forecast information
on 19 and 20 Aug due to incomplete WRF model run). Wind barbs (one full barb is 10 knots and circle is calm wind) and companion figures are
observed wind at Buoy B and temperature at Nea Philadelphia respectively. Days with sea breeze are framed.

For example: on 12
August (top left-hand
panel) - forecast wind
at 6 pm was SSE at 6
knots with temperature
of 30 degrees expected
inland; actual wind was
southerly around 10 knots
and temperature was 32
degrees.

Fig. 6

60

Scatter plot of WRF forecast wind speeds (ms-1) against actual observations at Buoy B in
Athens 2004. Perfect forecasts are represented by the diagonal.
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Society Event
October 16, 2010
Hong Kong Science Museum
The changing climate is beginning to affect daily lives and different professions. The
Hong Kong Meteorological Society invited four professionals who are fashion designer,
nutrition, architect and engineers to talk about the climate change impact on clothes, food,
living, transportation and their adaptation and mitigation measures.

Popular Science Lecture Series
Title : Climate Change – Clothes, Food, Living, and Transportation
1. Fashion Design and Climate
Change
By: Jessie Au
jessieau@vtc.edu.hk
Fashion is the fuel that feeds
consumerism which is the fuel that feeds
climate change (Psfk Conference, London,
Climate Week Versus Fashion Week, 22
Sept., 2009). Global warming has profound
impact on fashion design. It reduced the
demand on winter clothings such as fur,
down, quilt and chunky knit. This lead to
new design direction. Full fur clothing will
be replaced by partial fur or artificial fur.
Thinner fabric will be used more often than
thick fabric. Modular and multiple function
clothing will appear. Removable sleeves
or leg segments; detachable inner lining of
overcoat, detachable collar etc. A prominent
example is the eight-in-one convertible top
designed by Nike. The smaller difference
between summer and winter weather
requires innovation in textiles. Also transseasonal period is longer in the future.
Clothing that are appropriate for all four
seasons will be more popular. Cotton, thin
velvet or mixed fabric are good materials
for all seasons. Staggering clothing could
be a trend and hence future clothing could
be designed in such a way that it is more
easy to don or remove. Dual function
clothing such as stylish rain coat, rain cap,

and rain boot are good adaptors to weather
change. In the future, fashion industry will
be more environment conscious. Vintage
and second hand clothing could become
fashion. More handcraft, eco, remnant and
re-cycle materials will be used. Examples
are bamboo, pineapple, milk fiber, biofabric
etc. Fashion will be designed so that they
are easily re-cycled or have a longer life
time. The extreme is zero wastage design.
Green laundry certification has been
launched. It involves the use of organic
fabric, natural dye, eco-friendly laundry
powder and green rinse in manufacturing
processes. The ScotteVest SeV even carries
a solar panel on its back. Green is the new
black. Fashion industries will contribute
more to environmental conservation.
Campaigns such as “Exchange old for
new” encourage re-cycling. There is a
“Household Textile Environmental Impact
Calculator”. An environmental damaging
unit can be calculated based on the water
and energy consumption, the use of nonrenewable resources, and pollution. In
conclusion, fashion can be environmental
friendly. Adaptation to climate change will
bring a better tomorrow.
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2. Climate Change and Carbon
Footprint of Food
By: Clara M.L. Pi
cmlpi@ha.org.hk
Climate change and its impact on food.
IPCC 2007 predicted that if greenhouse
gases emission continues to grow,
global food production will be reduced
in the future due to climate change. On
average, global yields for several of the
crops responded negatively to warmer
temperatures. Global warming reduced
the combined crop yield of wheat, corn
and barley by 40 million metric tons per
year. Extreme weather such as drought and
flooding that is already happening in 2010
will affect agricultural production. Price
of agricultural products is soaring. On the
production side, overuse of insecticides,
fertilizers and over grazing lead to loss
of arable land and polluted soil. Recently
large scale use of crops for production of
biofuels aggravates food shortage. 240 kg
corn can produce only 100 liter biodiesel
but it is enough to raise one child one year.
On the consumer side, food distribution
is uneven. Developed country has obesity
whereas in Africa, one child dies of hunger
every 5 seconds. In 2009, the number of
hungry people in the world had exceeded
1 billion. This is the current challenge
to all mankind. Appropriate choice of
food can reduce global carbon emissions
significantly. Food production is accounted
for one-third of the global carbon emission.
The production of meat is a very high
greenhouse gases emission process. Cattle
emits methane directly through respiration
and excretion. Deforestation, use of
fertilizers, machinery and transportation
all added to carbon emissions. The carbon
footprint (CF) of the production of 1 kg
beef is equivalent to 250 km mileage. The
carbon footprint of a carnivorous cycler is
much higher than a vegetarian motorist.
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Changing eating habit is more effective in
carbon reduction than saving vehicle fuel.
United Nation recommended mankind
should eat less meat. Carbon footprint is
defined as the total amount of greenhouse
gases emitted directly or indirectly under
a certain activity. Greenhouse gases
emissions due to raw material production,
transportation, manufacture, distribution,
consumption and waste disposal should all
be included. Meat has the highest CF, dairy
products are the second, fish and aquatic
products are the third, crops are the lowest.
Out of meat, beef has the highest CF,
lamb is the second, pork is the third and
chicken is the lowest. It is recommended
to replace meat by vegetables. The actions
are to consume more husky rice, cereals,
vegetables, beans and fruits. Consume less
processed food such as tin cans and frozen
food. In the future, food products should
label its carbon footprint. Prefer organic
food. Some foods are known to contain
more chemicals than others. The dirty list
include: peach, apricot, apple, strawberry,
cherry, pear, pepper, grapes, lattice, celery,
milk, beef, coffee, spinach and blueberry.
There are reports saying that milk contains
12 different pesticides, beef has 10 and pork
has 8. Some spinach contains 48 pesticides
and blueberry got 52. On the other side,
the clean list include: pineapple, mango,
kiwi fruit, water melon, papaya, avocado,
onion, broccoli, asparagus, green pea, corn,
cabbage, tomato, sweet potato. Adopt
more simple cooking processes, reduce
cooking time. Salad and raw food, water
boil and steam are good choices. Avoid
overcook. No or low fire brewing, fast
frying are energy saving and good quality
as well. Use less energy and reduce food
wastage. Go green with mypyramid. Buy
directly from farmer. Buy in bulk. Reduce
food package waste. Look for organic
seal. Eat seasonally. Vary your choices in
meat and beans. Start a vegetable garden.
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Think natural. Drink tap water and cook
at home. We can start with one vegetarian
meal per week. Promote low carbon day
and no meat Monday. Carbon footprint of
human being already exceeds the Earth’s
biological capacity. We have only 10 years
time to stop this calamity. You cannot have
well humans on a sick planet. The “great
work” facing humanity is to move from
mindlessly extracting and consuming the
earth’s resources to establishing a mutually
beneficial relationship with nature.
Everyone thinks of changing the world, but
no one thinks about changing himself. We
must become the change we want to see.

3. Low Carbon Cities and
Microclimate
By: Trevor S.K. Ng
Trevor.ng@arup.com
The global temperature has been
increasing at a rate of 0.13°C per decade
whereas Hong Kong temperature increases
by 0.15 to 0.4°C per decade. So the rate of
temperature rise in Hong Kong exceeded
that due to global warming. The additional
warming in Hong Kong could be due to
urbanization. One evidence is that the offshore wind speed in Hong Kong remain
relatively constant at 6.1m/s in the past
forty years. However, the wind speed in
urban areas has been decreasing at the rate
of 0.6m/s per decade. Tall and clustered
buildings caused heat island effect. It
altered and slow down the wind field in
urban areas and hence natural ventilation
is reduced. One way to enhance roadside
natural ventilation is to open up the ground
level in tall buildings. Residential or
commercial floor space begins from the
first floor. One good example is the Hong
Kong Bank Headquarters in Central. To
reduce blockage of natural wind, one can
lower the height of the buildings that are
upwind of the city or to streamline the

local wind flow by good design of building
geometry, building density and their layout.
Another concern is the heat sources in urban
city. Two big emitters are the vehicles and
air conditioning units. Switching to electric
vehicles eliminates heat and greenhouse
gases emission from consumption of
gasoline. City wide centralized water
cooling facilities can also reduce the
electricity consumption and heat emissions
from A/C units. On the demand side,
more use of natural ventilation in indoor
environment significantly reduces the heat
emissions from A/C units. More cycling and
walking can reduce the number of vehicles
on the road. In Europe, there are public
bicycle renting stations installed in different
part of the city. Some bicycles are foldable
and are equipped with power generation
device. Anaerobic digestion can be applied
to most municipal waste streams and
supports biogas production. Installing solar
panels and greening vertical walls of tall
buildings helps to reduce carbon emissions.
The vision is to develop a sustainable built
environment in Hong Kong. The mission
is to construct sustainable infrastructure
for the adaptation to climate change. The
aim of such development is to fulfill the
needs of our society. In 2030, Hong Kong
will be a green city. Low resource yet
intensive plantation will be implemented.
Nathan Road will be widened and covered
with water permeable surface. Storm water
will be well managed. Building walls are
lined with light color panels made from
recycle materials. Thoroughfares are well
connected. Renewable energy and high
efficiency power generation sustain its daily
operations. The city is connected by real
time information network and integrated
transportation system. Buildings will collect
storm water. There will be widespread use
of passive solar energy architectural design.
Natural ventilation and natural lighting
will be abundant. Green roof everywhere.
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By then, city farming will be common
rather than exception. Buildings will have
facilities that turn waste to energy and
waster to fertilizer. The sky will be blue
again.

4. Low Carbon Transportation and
Liveable City
By: Simon K.W. Ng
simonng@ust.hk
Hong Kong has one of the most
efficient public transport systems. The ratio
of public transport to private transport is
about 90%. The public transport loading is
about 15 million trips per day. The railway
passenger loading is about 4 million
trips per day. Private car ownership is
83 vehicles per 1000 citizens. The total
number of bus is about 5800 serving over
600 routes. Apart from railway and bus,
there are other choices available. Behind
the efficient transport system, there is a
price to pay. The Environment Bureau
launched a public consultation on Hong
Kong’s climate change strategy and action
agenda. Altogether, 5 action agenda has
been proposed for reducing Hong Kong’s
carbon intensity. One of them is greening
road transport, another one is promoting
the use of clean fuel for motor vehicles.
Both involve low carbon fuel and energy
efficient vehicles. Options available are
electric cars, hybrid energy vehicles
and biodiesel vehicles. However, while
low carbon vehicles can help to reduce
carbon emissions per vehicle, it may not
be about to reduce the total emission.
Increase in vehicle numbers and mileage
will offset the saving. The traffic volume
will depend on our behavior and habits.
Transport management is a dilemma.
Economic growth will increase the desire
for better living standard. Traffic demand
will increase and at the same time, traffic
congestion will increase leading to air
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pollution and high carbon emission as
well. Town planning is very important;
it determines both the traffic demand
and transport efficiency. The horizontal
growth of cities in United States induces
a high demand in transport. When one
functional constituent such as government
offices are located close to one another,
the road system within a city is more
radial in pattern. Trips of individual are
more concentrated. When a functional
constituent is spread out in different
parts of the city, the road system is more
gridded. One advantage of a gridded
system is that it offers great flexibility to
commute from point to point but at the
same it significantly increases mileage.
Transport system that relies on private
cars takes up big land area. Such system
requires a lot of roads and car parks. A
high living standard city can turn into a car
dominated city. Shifting to public bus can
save a significant amount of land. A livable
city should encourage cycling, walking and
public transport. Luxury transport should
be replaced by low carbon transport. Low
carbon vehicle cannot replace low carbon
transport policy. A vehicle dominated
city should be replaced by a high living
standard city.
Note: The talks are recorded on DVD.
Readers could visit Hong Kong Museum
and watch the playback.
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Visit of Meteorological Bureau of Shenzhen Municipality and
Xichong Astronomical Observatory

On 18th December 2010, The Hong
Kong Meteorological Society paid a visit to
Shenzhen Meteorological Bureau (SZMB).
One of the objectives is to celebrate
Shenzhen 30th anniversary as China’s first
special economic zone. Including three
committee members there were altogether
a total of 14 members joining the visit.
The event is considered a success. Not
only has SZMB shown great hospitality,
they also introduced in details their latest
development and their daily works. On
the morning of 18th December 2010, the
minimum temperature of Ta Kwu Ling
dropped to 0.2C. When we all worried
about the chilly wind, it turns out that
the weather was sunny in the morning
though it became cloudy when we reached
Xichong Observatory. In the afternoon, the
temperature was about 19C, the wind was
low to moderate which is quite pleasant for
outdoor activities.
The itinerary consisted of two sessions.
In the morning the group visited the SZMB
building and in the afternoon, the group
visited Xichong Observatory. The group
first visited the equipment placed on the
ground floor outside SZMB building.
Equipment included a super weather
station, satellite receivers, mobile weather
station, mobile radar, and an air quality
monitoring station. The weather station has
25 channels, apart from conventional air
temperature, relative humidity, wind and
pressure sensors, equipment also include IR
thermometer, underground thermometers,

net radiometers, sunphotometer, and
visibility meter etc. The SZMB Building
has a Doppler radar on the roof. The group
then visited an exhibition hall where
the Director and officials introduced the
history of SZMB and the services provided
by SZMB. SZMB now owns a very
high density automatic meteorological
observation network. Stations’ coverage
has a resolution better than 3 km. There is
a veranda on the 14th floor (probably for
daily weather watching), the 360 degree
panoramic view of Shenzhen city is
stunning. The Shekou, Deep Bay and Mai
Po are on the south side. The metropolitan
is on the east side. The group then visited
the weather broadcast studio. Two
members role played the weatherman. The
presentations were recorded on CD and
passed to the members as gifts. The group
continued to visit the weather warning
and forecast operation center. There was a
gigantic screen on a wall (about 3 meter x 5
meter) which is capable to display multiple
information simultaneously. SZMB said
they can now use GIS information for small
community weather services. After that,
SZMB officials and the group gathered
in a conference room for exchange
and discussions. Activities of both the
Shenzhen Society of Meteorological
Disaster Mitigation (SSMDM) and the
Hong Kong Meteorological Society were
reported. Gifts were exchanged during the
meeting.
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After lunch, the group travelled to
Xichong Astronomy Observatory. It took
about one and a half hour to travel from Fu
Tian to the Observatory. The observatory
is located at a coastal site and seated on
a hill top near Nan Ao. The Observatory
is equipped with two near professional
grade telescopes, one for watching of
stars (60 cm with CCD) and the other one
for watching of sun. The telescopes are
government built for public use. It claims
that the system is the first in China that
integrates meteorology with astronomy
as well as integrates science promotion
with meteorological business operations.
When fully operated, the system is
designed for web watching and internet
remote control. Many green ideas were
also adopted in the construction of the
Observatory. It has storm water collection
pool, solar+wind power street lamps and
electric car. The Observatory has a few
guess rooms for overnight staying. Apart
from the Observatory, SZMB also deployed
one meteorological station and one air
monitoring station at the site. There is a
MARGA (monitor for aerosols and gases)
operating in the background station.
Members have expressed that they
have spent a wonderful day in Shenzhen.
We learned a lot in the daily operation of
SZMB. We thank the Director of SZMB
and the Chairman of SSMDM and all
other officials for their hospitality and all
the efforts they have spent in organizing
such a meaning visit for the Hong Kong
Meteorological Society.
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