Relative Significance.of
Local vs. Reglohal Sources:
Hong Kong s Air Pollu”tlon :

_Q s— 5 : e ._-,
A2 EA I'/‘I:I:'- Ry = ?' B S AR et “h*“‘*% ==
o S ® ‘ e o Bt ._'..‘- h“ﬂa*wmﬁh — ..Q‘
i e e “,_ / >\ ; S e e 7 ol ‘;_;ﬂ = e ""*‘l"-

=

. ;.. xz«w i aad EER ﬁﬂ??ﬁ‘-"”m ‘ﬁt%

| REABRESARRN

"*E;Eg"ﬁ - mp—

“Alexis Lau %‘JEﬁbi Andrew Lo ﬁ;’t‘i# Q.-
Joe Gray, Zibing Yuan R EK <Y s

Institute for the Environment ¢ "= > P
The Hong Kong University of Science and Technology s

| E%ﬂﬁﬁﬂf—iﬁﬁﬁnﬁﬁ o ey = M v BRI o

i '!;5_?'- !
e 111

AL b - i ol
i " “-ﬂ‘ miﬂ p TR

Eiﬁﬁﬁn 1, "‘

NS‘T @RTHE ENVI %L{Mﬁwﬁ i \ f:\ F = @
— | | ADM CAPITAL FKOUNDATION S
THE HO KpNG UNIVERSITY )
£ 5" @J OF SCIENCE AND TECHNOLOGY - = * CIVIC EXCHHNGE

.Tq-f‘ﬂ.__r‘

-
- a2l .
S






Relative Significance of
Local vs. Regional Sources:
Hong Kong’s Air Pollution






Relative Significance of Local vs. Regional Sources: 3
Hong Kong’s Air Pollution

1 Background

No matter how one chooses to measure it, the air quality in Hong Kong and the Pearl River Delta has deteriorated
rapidly over the past 20 years. For the layman, the distance one can see is a good indicator of air quality. The
deterioration of Hong Kong's air quality has resulted in a steady increase in the number of hazy days. (Figure 1)
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Figure 1: Monthly number of hazy days

As the air quality grows worse, questions arise about where the pollution is coming from, and what can be done
about it. How significant are local and regional pollution sources for Hong Kong’s air quality? The answer to this
question is complex, and in fact can be quite different depending on how one approaches the problem.

In this report, we first summarize the results from two traditional approaches — one based on total emissions in
terms of tonnage and another based on receptor source apportionment in terms of mass concentration. We then
introduce our new approach, which gives a time-based perspective. It answers the question of how many days in a
year Hong Kong’s air quality is affected by regional and local emissions respectively. This type of analysis has not
been undertaken in Hong Kong before.

Using 2006 data, we found that regional sources are the primary influence on Hong Kong’s air 132 days (approximately
369% of the time) while local sources are the crucial factor on 192 days (nearly 53% of the time). Based on these
results, it is clear that reducing emissions of air pollutants in Hong Kong would have a significant positive impact on
local air quality, which would in turn improve public health.
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The results of this study are important to policy makers and the public because they show that:

1. By taking more environmental responsibility locally, Hong Kong can do much more to improve air quality and
therefore public health.

2. There is no reason for Hong Kong to feel debilitated by the belief that on its own it cannot make substantial
improvement to the city’s air quality.

To conclude, we offer broad policy recommendations as to how local emissions can be reduced. We believe that
there are a number of potentially effective solutions that can be implemented relatively quickly. In particular, we
recommend that Hong Kong adopt and enforce the World Health Organization’s (2006) global air quality guidelines,
and devise a comprehensive energy policy.

2 Scientific Approaches to Emissions Measurement
2.1 Total Emission Method

The total emission method is useful on a regional scale to depict the volumes in terms of tonnage emitted from
different sources. It has been used in the Greater Pearl River Delta for many studies.

In a study based on 1997 data, CH2M Hill (2002) analysed the emission inventory for the Hong Kong Special
Administrative Region (HKSAR) and the Pearl River Delta Economic Zone (PRDEZ). In that government-sponsored
joint study, emission source types were grouped into four major sectors: energy, industry, transportation, and Volatile
Organic Compound (VOC)-containing products. The analysis results showed that the PRDEZ contributed 88% of
VOC, 95% of Respirable Suspended Particulates (RSP or PM1q), 80% of Nitrogen Oxides (NOy), and 87% of Sulphur
Dioxide (SO») to the region in the base year of 1997. (Figure 2)
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Figure 2: PRD vs. HK: total emission of specific pollutants
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It should be noted that the above percentages are emissions contributions to the entire region. Since the PRDEZ is
the geographically larger area, with higher population, and an industrial production zone, its emissions contributions
are higher than that of the HKSAR.

Without a detailed regional air quality model to describe the flow characteristics of pollutants emitted from PRDEZ,
it is difficult to give a quantitative estimate on its contribution to pollution levels in the HKSAR (Lo et al, 2006).
However, one may interpret from such large percentages that the regional impact far overshadows local contributions
for all four types of pollutants in the HKSAR.

2.2 Source Apportionment Method

This approach relies on a large amount of chemically speciated data (i.e. data showing the chemical composition of
particulates) measured at air monitoring stations. Receptor models are applied to apportion the measured speciated
data into groups through statistical identification of intrinsic features of the data, and to estimate the contributions
from each group in each time slice. The derived groups, with similar component abundances to the known source
signatures, are regarded as source profiles.

This method relies on expert judgment to identify the emission sources. To draw useful conclusions using this
method, researchers must have an in-depth understanding of prevailing environmental conditions and must
scrutinise environmental data. Yuan et al. (2006) conducted a study in which they applied the two commonly used
receptor models — Unmix and Positive Matrix Factorization — to the speciated dataset collected from 1998 to 2002 at
air quality monitoring stations around the HKSAR by the Environmental Protection Department. Nine major sources
were identified. By examining the temporal and spatial distribution of source contributions, these sources were then
classified as ‘local’ or ‘regional’. It was concluded that in terms of mass concentration, regional sources from the
PRDEZ accounted for approximately 60% of the pollution level in the HKSAR in annual average terms, but that this
percentage would rise to 70% in wintertime.

3. Time-based Apportionment Method (number of days)

Numerous earlier studies (EPD 2006, Yuan et al. 2006) have shown that the average concentrations for most
pollutants in Hong Kong are higher during winter than summer. This is partly related to the fact that there are more
days dominated by the regional air mass in the winter and pollutant concentrations during these events are typically
higher than when the local air mass dominates.

3.1 Data sets used
The data used in this study include:

* Hourly criteria gas concentrations from the 14 air quality monitoring stations operated by the Hong Kong
Environmental Protection Department

« Wind and other meteorological data measured by the Hong Kong Observatory

« Regional Air Pollution Index! from the Regional Air Quality Monitoring Network operated by the Guangdong
Environmental Protection Bureau and the Hong Kong Environment Protection Department

« Meteorological and air quality observations made by the Hong Kong University Science and Technology and
other organizations around the Pearl River Delta

1 Available at http://www.gdepb.gov.cn/raqi
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« Satellite-derived aerosol optical depth and surface extinction coefficient distribution; and three-dimensional
flow field derived from near real-time MM5 runs operated by the Hong Kong University of Science and
Technology?.

3.2 Methodology

In this study, the time-based apportionment method identified, for each day in 2006, the likely source or region (i.e.
the geographical area) that influenced the HKSAR's air quality.

Careful inspection of all of the data enabled us to identify 6 ‘modes’ of pollution characteristics that may be said to
be the most generally dominant mode on any one day. The modes identified were:

+ Regional West

» Regional All

* Regional East

» Local Vehicle / Power Plants
* Local Vehicle / Marine

* Low Pollution

For details of each of the individual mode analysis, see Appendix Il.

Days with SO» concentrations below 20 yg/m3 at more that 11 of the 14 stations were flagged Low Pollution, as it is
more difficult to positively identify sources on these days.

Subsequently, the weather conditions and spatial pollution pattern of SOo were assessed daily to determine which
region in the Greater PRD, including Hong Kong, was the most influential. Sulphur dioxide was used as the tracer in
this study because its sources in the Greater PRD region are well known and its chemical paths in the atmosphere
are also relatively well understood, making source and mode identification easier than using other pollutant species.
Sulphur dioxide is also a good tracer as its production is indicative of the production of other critical pollutants such
as secondary particulates.

The current method has the drawback that some of Hong Kong’s local pollution sources such as the power stations
may also contribute significantly to the pollution level on some of the days flagged as either Regional All or Regional
West. This is because some of Hong Kong's local emitted pollutants may be transported into the greater Pearl River
Delta area, mixed in the regional land-sea breeze circulate with regional pollutants and returned into Hong Kong’s
air shed (Lo et al, 2006). This is unavoidable because the current methodology is based on the identification of air
mass, and on these days emissions from local power plants are mixed into the regional air mass before it returns
to Hong Kong. So while it is estimated that these days are dominated by regional emissions, it must be noted that
emissions from local power plants may also contribute to this mixed air mass.

2 See http://envf.ust.hk/dataview
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3.3 Results and Discussion

When the data is grouped by month and mode (local, regional or low pollution), it shows that while the Pearl River
Delta affects Hong Kong’s air pollution in winter (November — March), it is local sources (including vehicles, marine
and power plants) that play the biggest role through summer (April — August), see Appendix | for a full summary
of the data grouped by month and mode. Low pollution days are slightly less common in winter but are generally
spread across the whole year.

Overall, we find at that regional sources are the primary influence on Hong Kong’s air 132 days a year (approximately
36% of the time) while local sources are the crucial factor nearly 53% of the time (on 192 days), see Figure 3 and
Appendix Il for the percentages for each mode grouped by month.
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Figure 3: percentage of total days of the year that each mode was dominant

This leads us to conclude that Hong Kong can indeed control the source of its air pollution problem more often
than not. Reducing local emissions in the transport (both road and marine) and power sectors would substantially
improve the HKSAR's air quality.

We believe that the results of this study are important to policy makers and the public for two key reasons:

1. By taking more environmental responsibility locally, Hong Kong can do much more to improve air quality and
therefore public health.

2. There is no reason for Hong Kong to feel debilitated by the belief that on its own it cannot make substantial
improvement to the city’s air quality.

In other words, Hong Kong has no excuse not to act with determination and speed to clean up its own emissions on
the basis that the majority of the pollution arises from elsewhere.

It is also clear that the Greater Pearl River Delta plays a significant role in Hong Kong's air pollution problems. Total
emissions from the Pearl River Delta far outweigh those from local sources. On days when Hong Kong’s air quality
is under the influence of the Pearl River Delta, the air quality is likely to be worse than when under the influence of
local sources. This means that Hong Kong and its neighbours must continue to set joint reduction targets that will
reduce overall regional pollution and lead to a cleaner future for all its citizens.
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4. General Policy Recommendations
4.1 General Recommendations

* Urgency: In view of the fact that the health of citizens is being affected by HKSAR’s air quality on a daily basis,
urgent and comprehensive policy actions are required.

* Goals and Priority: For the success of the Chief Executive’s Action Blue Sky, well-targeted and ambitious policy
goals and priorities must be set at the highest level of government.

* Coordination within government: Air pollution arises from various sources which are regulated by different
laws, measures and government authorities. Therefore, the making, implementation and review of policy must
be well coordinated among the principal officials, bureaux and departments to ensure optimal results.

e Concurrent actions: For the greatest gains, comprehensive and concurrent actions must be taken not only
within government but also improving regulation of industry sectors, and building public awareness.

4.2 Specific policy foci

We recommend that the following areas be key foci for action:

e Target major emissions sources: These must include the power, land transportation, marine transportation
and logistics sectors. While the power sector is the largest emissions sector in terms of total quantity, our new
research shows that by controlling the land and marine transportation sectors, as well as the logistics sector,
solid gains can be made to reduce the impact of air pollution on Hong Kong residents.

* Sharpen essential policy tools: The HKSAR Government must use effective policy tools. The essential tools are
to (a) adopt and enforce the World Health Organisation’s 2006 global air quality guidelines; and (b) devise a
comprehensive energy policy.

4.3 Effective policy tools

Without effective policy tools, policies are unlikely to generate the best outcomes. In other words, these tools provide
goal-setting and priority-setting focus thereby showing the way to what actions need to be taken.

4.3.1 Standards influence regulation of emissions: The World Health Organization’s 2006 global air quality
guidelines are set to reflect the latest medical knowledge about the impact of air pollution on health. A loose set of
standards represent a license to pollute. This is the situation today with Hong Kong’s current Air Quality Objectives.
We appreciate that the HKSAR Government has already launched an 18-month review but immediate adoption of the
WHO guidelines would galvanize a comprehensive plan to reverse the public health crisis Hong Kong faces today.

4.3.2 A cross-cutting energy policy helps to maximise emissions reduction: There is no coherent across-the-board
energy policy today in Hong Kong. This is a substantial area of discussion. For now, we will just point to some issues
for illustration:

» Energy efficiency: To achieve energy efficiency gains, the HKSAR government will need to take a range of
actions including recalibrating the Schemes of Control to reward efficiency (the Schemes of Control are being
renegotiated, as they expire in 2008, and important opportunities may be lost without urgent attention now);
and reforming building codes.

¢ Lowering emissions from power generation: Once the power plants in Hong Kong have been retrofitted with
flue gas desulphurization FGD in the coming few years, further substantial emissions reduction gains may only
be achieved through changing the fuel mix, such as to use more natural gas.
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¢ Energy security: The HKSAR Government needs to consider what energy security risks there are for Hong Kong
and how they may be dealt in the medium, longer-term future.

5. Dealing with emissions from transport, marine and logistics sectors

There is a range of possible methods to control and reduce emissions from the transportation, marine and logistics
sectors. Some ideas include:

5.1 Vehicular

e Get pre-Euro, Euro | and Euro Il vehicles off the road — consider (i) introducing a phase-out scheme; and (ii)
complementing the phase-out with traffic management methods (e.g. road charging, restrict entry into low
emissions zones)

* Make biodiesel available;

» Lower first registration charge for low-emission vehicles and charge a higher annual licence fee for high-emission
vehicles;

* Expand rail infrastructure and coordinate rail and bus feeder services better; and

* Manage density and traffic flow to reduce “street canyon effect”.

5.2 Marine

* In the short term, establish voluntary schemes that would encourage lower emissions from all waterborne
crafts and terminal footprint such as:
+ Slow down ships when approaching and leaving port — the HKSAR Government can start with its own
fleet;
* Reduce land-based emissions at port — e.g. container stackers use ULSD;
» Switch fuel to lower sulphur fuels for local craft and for auxiliary engines of ocean-going ships when along
side —the HKSAR Government can require its own fleet to use cleaner gasoil;
* Retrofit engines of local crafts;
« Switch to shore-side power for ships when along side;
+ Promote the use of shipping fuels with a 1% sulphur cap worldwide;
» Collaborate with Shenzhen and Guangdong to operate ‘green port’ policies
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Appendix | Ffi§%1

Reg West Reg All Reg East Vehicle/Power  Vehicle/Marine Low
i (7) Bl (21F) =i () AU EE | R | AtEERALAAED 55
Jan —H 12 387%) | 2 (6.5%) 0 (0.0%) 3 (9.7%) 12 387%) |2 (6.5%)
Feb =8 8 (28.6%) | 3 (10.7%) | 1 (3.6%) 1 (3.6%) 9 32.1%) |6 (21.4%)
Mar = 10 (32.3%) | 3 (9.7%) 3 (9.7%) 7 22.6%) |7 22.6%) |1 (3.2%)
Apr mAH 4 (13.3%) | 1 (3.3%) 2 (6.7%) 7 (233%) |16 (53.3%) |O (0.0%)
May &8 2 (6.5%) 4 (12.9%) | 2 (6.5%) 8 (25.8%) |12 (38.7%) |3 (9.7%)
Jun <A 1 (3.3%) 0 (0.0%) 0 (0.0%) 10 (33.3%) 16 (53.3%) 3 (10.0%)
Jul tA 0 (0.0%) 4 (12.9%) 0 (0.0%) 11 (35.5%) 12 (38.7%) 4 (12.9%)
Aug \R 1 (3.2%) 2 (6.5%) 3 (9.7%) 11 (35.5%) 7 (22.6%) 7 (22.6%)
Sep n.A 5 (16.7%) | 3 (10.0%) | 8 26.7%) |3 (10.0%) |5 (16.7%) |6 (20.0%)
Oct +8B 4 (12.9%) | 1 (3.2%) 2 (6.5%) 5 (16.1%) |14 (45.2%) |5 (16.1%)
Nov +—8 7 (23.3%) | 3 (10.0%) | 11 36.7%) |2 (6.7%) 5 (16.7%) |2 (6.7%)
Dec +=A 7 (22.6%) | 1 (3.2%) 12 (38.7%) |3 (9.7%) 6 (19.4%) |2 (6.5%)
TOTAL #&5t 61 (17%) 27 (7%) 44 (12%) 71 (20%) 121 (33%) 41 (11%)
Table 1: Number of days each mode was identified per month (percentages in brackets).
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Figure 4: Graph of percentage each mode influenced each month
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Regional Local Low Pollution

&5 4LR AHBZIR K53
Jan —B 14 (452%) | 15 @8.4%) | 2 (6.5%)
Feb —A 12 (429%) | 10 (35.7%) | 6 (21.4%)
Mar = 16 (51.6%) | 14 (@452%) | 1 (3.2%)
Apr mA 7 (23.3%) 23 (76.7%) 0 (0.0%)
May £8 8 (25.8%) | 20 (64.5%) | 3 (9.7%)
Jun <8 1 (3.3%) 26  (86.7%) | 3 (10.0%)
Jul £B 4 (129%) | 23  (742%) | 4 (12.9%)
Aug A\B 6 (19.4%) | 18 (58.1%) | 7 (22.6%)
Sep LA 16  (53.3%) | 8 (26.7%) | 6 (20.0%)
Oct +H 7 (226%) | 19 (61.3%) | 5 (16.1%)
Nov +—FH 21 (70.0%) | 7 (23.3%) | 2 (6.7%)
Dec +—H 20 (64.5%) 9 (29.0%) 2 (6.5%)
TOTAL #8&t 132 (36%) 192 (53%) 41  (11%)

Table 2: Days the major influence grouped by month (percentages in brackets).
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Figure 5: Graph of percentage each source was the major influence grouped by month
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Appendix ll: Analysis of individual modes
pifE%2 : ERISFARIN S

Regional West

The mode Regional West describes the condition when the HKSAR’s air pollution is derived mainly from the PRD
region to the west and northwest of Hong Kong. Figure 6 is an example of the pollution levels across the region on
a typical day that is dominated by the Regional West mode. Figure 6 shows the heavy pollution along the western
edge of Hong Kong with relatively good air quality for the majority of the rest of Hong Kong. Figure 7 and Figure
8 show the typical wind vector map and SO2 levels during a Regional West mode. This condition was identified as
being the major influence on the HKSAR’s air quality for an annual average of 61 days per year, or just under 17%
of the year.
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Figure 6: Surface Extinction Coefficient Map of the PRD during a Regional West mode.
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Pollutants & Wind at 16:00, 01/08/2006
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Figure 7: Wind Vector Map during a typical Regional West mode. Red arrows represent the wind direction at the
corresponding wind stations. Green dots are the locations of the Air Quality Monitoring Stations (AQMS),

Black number are the pollution concentrations in ug/mS3 at the corresponding AQMS: SO (top right) RSP (bottom left and
NO> Bottom right)
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$02 (ug/m3), 20060728-20060801
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Figure 8: SO» levels during a typical Regional West mode. Going from top to bottom and left to right, the stations are Yuen
Long (YL), Tsuen Wan (TW), Tung Chung (TC), Tai Po (TP), Kwai Chung (KC), Central/Western (CW), Sham Sui Po (SP),
Mong Kok (MK), Central (CL), Sha Tin (ST), Kwun Tong (KT), Causeway Bay (CB), Tap Mun (TM) and Eastern (EN). The
last panel summarizes the variation of SO» at all the 14 stations.
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Regional East

As the region to Hong Kong’s east is not as heavily developed as its west, we had thought that there may not be clear
signature of polluted air masses coming from the east or northeast despite prevailing winds often coming from an
east or north-easterly direction. Days dominated by this mode usually showed a prevailing easterly or north-easterly
flow across Hong Kong with significant SO» levels in Tap Mun and Tai Po. This mode was identified on 44 days of
the year on average making roughly 129 of the time. This result shows that emissions to the east and northeast of
Hong Kong definitely play a role in the HKSAR’s air quality. With the upcoming developments in Yantian port and
Huizhou Daya Bay Economic and Technological Development Zone, emissions to the east and northeast may have
a larger role for HKSAR's air quality in the future. Figure 9 and Figure 10 show the typical wind vector map and SO»
levels during a Regional East mode.
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Pollutants & Wind at 12:00, 06/08/2006
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Figure 9: Wind Vector Map during a typical Regional East mode
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502 (ug/m3), 20080803-20060808
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Figure 10: SO» levels during a typical Regional East mode
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Regional All

This mode represents conditions where the air quality throughout the HKSAR is under region influence. These
Regional All modes can have the highest concentration of pollutants and the highest air pollution index (API’s).
Figure 11 and Figure 12 show the conditions on a typical day identified as a Regional All mode. Figure 11 shows
a typical wind map in Hong Kong. Figure 12 shows SO» levels at monitoring stations across Hong Kong. Analysis
showed that Regional All was the dominant mode only 7% of the time or 27 days a year.
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Pollutants & Wind at 10:00, 25/07/2006
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Figure 11: Wind vector map of Hong Kong during a Regional All event
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$02 (ug/m3), 20080722-20060725
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Figure 12: SO» levels during a typical Regional All mode
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Local Vehicle / Power Plant

Using SO as an air mass tracer, two different modes (Power Plants and Marine) could be identified on days when
HKSAR’s air quality was dominated by local sources. Nevertheless, SO» is not a good tracer for local vehicular
emissions because of our use of ultra-low sulphur fuels. This was not a significant drawback for our current objective.
Since dispersion for on-road vehicular emission was likely to be less effective than for power plants or marine vessels,
vehicular traffic was identified as a major factor and included in both modes.

The first local mode is a combination of local vehicle sources and power stations. This mode is associated with weak
to moderate winds, and higher pollutant levels can be seen both in the city centres and at monitoring station near
to either power station. This mode was identified as active around 199 of the time analysed, or 71 days of the year.
Examples of this mode are shown in Figures 13 to 16.
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Pollutants & Wind at 09:00, 07/06/2006
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Figure 13: Wind Vector Map during a typical Local Vehicle / Power Plant mode
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$02 (ug/m3), 20080604—20080807
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Figure 14: SO» levels during a typical Local Vehicle / Power Plant mode
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Pollutants & Wind at 12:00, 31/08/2006
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Figure 15: Wind Vector Map during another typical Local Vehicle / Power Plant mode
15 : AithEEH/ EROTREN THREKE (F1Z)



30 Appendix Pff g%

502 (ug/m3), 20060828-20080831
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Figure 16: SO» levels during another typical Local Vehicle / Power Plant mode
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Local Vehicle / Marine

This is the other mode dominated by the HKSAR’s local sources. As discussed above, vehicular sources play a major
role in this mode as well but are partnered by emissions from Hong Kong’s marine sector. While much thought has
been put into reducing the SO» emissions from on-land vehicles, such as the move to ultra-low sulphur diesel and
the change of diesel to liquefied petroleum gas LPG taxi, not many regulations have been forced upon marine vessels
while they are in Hong Kong's territorial waters and especially terminals and port area. This mode is linked to weak
winds from directions other than north or northwest and consistently high SO» levels at the monitoring stations near
to the city’s marine freight handling regions (Lau et al, 2005). Figure 17 shows the wind vector map with generally
southerly prevailing conditions and shows low pollution levels at Yuen Long and Tap Mun and elevated levels around
Victoria Harbour with consistently high readings at Kwai Chung. This mode was identified as being dominant 121
days of the year or just over 33% of the time.
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Pollutants & Wind at 09:00, 13/06/2006
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Figure 17: Wind Vector Map during a typical Local Vehicle / Marine mode
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Figure 18: SO» levels during a typical Local Vehicle / Marine mode
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Low Pollution
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This mode is identified as any day where SO» levels were low levels across Hong Kong. This mode was used because
of the difficultly in identifying dominant sources on days with low pollution levels. The wind over these days is
typically stronger, and 41 days of the year or just over 119% of the time was flagged as low pollution days.
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