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Abstract

The number of instances of reduced visibility reached arecord high in 2004 and became
very noticeable to Hong Kong citizens who perceived the phenomenon as related to
increased air pollution. To focus on reduced visibility not due to weather per se, the
Hong Kong Observatory (HKO) studied the statistics of instances where visibility fell
below 8 km in the absence of rain, fog and mist. At the HKO Headquarters between
1968 and 1986, the percentage of time with reduced visibility rose at a rate of 0.8% per
decade. Between 1986 and 2004, the corresponding rate was 5.7% per decade, which

was 7 times that of the previous period.

Analyses of the synoptic situations showed that in winter and spring, reduced visibility
typically occurred in association with weak northerly surges of the monsoon or when
the northeast monsoon affecting Hong Kong was relatively weak. In summer and early
autumn, episodes of reduced visibility often occur in northerly or northwesterly winds
capped by stable subsiding air aloft, induced by tropical cyclones a few hundred
kilometers to the east of Hong Kong. Taken together, it is inferred that the
deteriorating visibility is associated with an increase in the strength of sources of
suspended particulates inland to the north of Hong Kong. This is corroborated by the
gpatial distribution of aerosol optical depth (AOD) as determined by satellite
observations on days of poor visibility in the region (real-time pictures available on
http://www.weather.gov.hk/wxinfo/intersat/modis/sat.html).

Studies by the Hong Kong University of Science and Technology (HKUST) have shown
that the occurrence of haze was well correlated with high air pollution levels. In
addition to the increased emission of air pollutants over the Pearl River Delta (PRD)

region, numerical studies suggest that the increase in the number of hazy daysin Hong



Kong may also be attributed to the enhanced trapping of air pollutants by the local
urban land-sea breeze circulation, which is in turn related to the rapid urbanization
around the PRD region. The figures below show the extent of urbanization (in red) in
the region in 2003 (left) contrasting with that in the late 1980s.

On hot days when the background winds are wesak, air tends to rise over the urban areas
and sink over cooler water surface nearby. Such hot air does not rise high and
typically reaches an altitude of one to two kilometers and then spread out.  Asthe Pearl
River estuary is now virtually surrounded by intense urbanization, the resultant urban
land-sea breeze circulation is as shown schematically in the left-hand side of the figure
below. It is stronger and more widespread around the estuary compared with the more

localized circulation over Hong Kong in the 1980s.
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The present complex circulation mixes the pollutants from the different sources. It
also implies that the trapping of the air pollutants over the region is stronger, thus
requiring stronger background winds to effectively disperse the pollutants emitted

within the region.

Since the background wind regime is controlled by large-scale dynamics which do not
change much from year to year, the number of hazy days is expected to continue
increasing in parallel with further urban and industrial development around the PRD

region.
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Vishbility below 8 km at the Hong Kong Observatory Headquarters
(not counting rain, mist or fog)

1986-2004
=+ 10& + 2573 %
Rise by 5.73 % per decade

1968-1986
=+ 10& + 2 0.77 %
Rise by 0.77 % per decade
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Percentage occurrence of reduced visibility at the Hong Kong Observatory
Headquarters (2005, 2004 and 1968-2003 average)
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What reduces visibility?
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 Scattering of light by aerosols
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Synoptic situations of reduced visibility
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with tropical cyclonesto the east




Common features.

- fine weather

- stable atmosphere, low diffusion

- Hong Kong downstream of mainland
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- agrosols related to photochemical smog
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Photos taken at the airport towards Lantau from 11 to 13 September 2005
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11 September 2005
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Northwesterly winds prevailed over the coast of Guangdong.
Hong Kong was covered by haze.
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12 September 2005
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Northwesterly winds werereplaced by easterlies. Haze drifted west, but
still affected Hong Kong.
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13 September 2005
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Easterly winds strengthened. Haze drifted west away from Hong Kong.
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11 September 2005
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Northwesterly winds prevailed over the coast of Guangdong.
Hong Kong was cover ed by haze.
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Northwesterly winds werereplaced by easterlies. Haze drifted west, but
still affected Hong Kong.
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13 September 2005
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Easterly winds strengthened. Haze drifted west away from Hong Kong.
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Pollution in the region increased gradually as smog
activities persisted from 13 Sep to 16 Sep 2004
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Satellite images indicated the building up of particulates over the period
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Source apportionment of pollutants
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Trends of major pollutant sources
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Dramatic urbanization around Pearl River Estuary

Red stands for urban areas
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Day-time sea breeze circulation in weak background northerlies
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Sea breeze system surrounding the Pearl River estuary
locks In and mixes pollutants
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haze = pollution = physics + chemistry
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Solutions exist
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Hope — south-easterlies and treating the sources.

10 am 17 Sep 2004 ; 3 pm 17 Sep 2004
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Seeing the problem yourself
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Hong Kong Observatory web page
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http://www.weather.gov.hk/wxinfo/intersat/modis/sat.ntml




