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The Question

• Whether implementation of the Clean Air Plan 
improves air quality?

• Indicator

– Pollutant concentration

– Change in cardiovascular disease / respiratory 
disease hospital admission

– Effectiveness of AQHI implementation
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Part 1: 2019 Air Quality Data

• 2019 Pollutant level by district

• 2019 Eastern Vs. Western Vs. Roadside

• 2019 Vs. 2018

• 4-year trend analysis 2016-2019
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Pollutant Level by District (2019)

NO2(μg/m3) PM10(μg/m3) PM2.5(μg/m3) Ozone(μg/m3) SO2(μg/m3)

1st highest Kwai Chung 
(54)

Tuen Mun 
(41)

Tuen Mun (25) Tseung Kwan O 
(72)

Kwai Chung 
(8)

2nd highest Sham Shui Po 
(48)

Kwun Tong 
(40)

Kwun Tong 
(21)

Central and 
Western (65)

Tsuen Wan 
(7)

3rd highest Tuen Mun 
(47)

Yuen Long 
(37)

Tai Po (20) Eastern (64) Tung Chung 
(6)

HK Average 41 31 19 59 5

WHO level 40 20 10 N/A N/A

*Roadside air monitoring stations excluded

The most polluted district in 2019:
Tuen Mun (PM)
Kwai Chung (NO2,SO2)
Tsueng Kwan O (Ozone) 5



2019 Eastern Vs. Western Vs. Roadside

NO2(μg/m3) PM10(μg/m3) PM2.5(μg/m3) Ozone(μg/m3) SO2(μg/m3)

Eastern 36 32 19 64 4

Western 44 33 20 53 6

Roadside 79 38 25 32 5

HK Average 49 33 20 54 5

WHO level 40 20 10 N/A N/A

*Roadside air monitoring stations included
*For TKO data range 2019/1-2019/10

Except ozone, all level of pollutants in western part of HK > eastern part of HK
Roadside air pollution still very serious, nearly double/2.5X WHO level
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2019 vs 2018 - Eastern
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2019 vs 2018 - Western
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2019 vs 2018 - Roadside
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2016 – 2019 Eastern
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2016 – 2019 Western
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2016 – 2019 Roadside - Ozone
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2016-2019 roadside – PM2.5
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2016-2019 roadside – NO2
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2019 Air Quality Data Summary

• 2019 Pollutant level by district
– Tuen Mun (PM)
– Kwai Chung (NO2,SO2)
– Tsueng Kwan O (Ozone)

• 2019 Eastern Vs. Western Vs. Roadside
– Except ozone, all level of pollutants in western part of HK > eastern part of HK
– Roadside air pollution still very serious, nearly double/2.5X WHO level

• 2019 Vs. 2018
– Both Ozone increases significantly for eastern part (11%), western part(14%) 

of HK, and roadside(25%)

• 4-year trend analysis 2016-2019
– 2019 the highest level of ozone in 4 years, significantly higher than that in 

2018
– Improvement of roadside PM2.5 and NO2 has been stagnant for last 3 years
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2019 Air Quality Data Analysis

• High level of roadside NO2 persists (double WHO 
level), with small percentage decreases last year
– NO2 emission by car still dominates roadside pollution, 

though some improvement shown by policy measures to 
cut down transport emission

• The level of ozone largely increases
– % of increase of ozone in western part of HK > eastern part 

of HK
– May indicate increase regional influence 
– Tuen Mun has exceptional high level of PM2.5 and PM10 
→may due to the combined influence of regional 
pollution, power plant and road transport
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2019 Air Quality Data Analysis

• The increasing level of ozone seems unstoppable
– Highest level since 1998

• But the government decided not to tighten ozone AQO standard

– Ozone = VOCs + NOx + (oxygen), so need to control both the level of 
NOx and VOCs 
• But we still don’t have VOCs emission inventory yet, and the mechanism of 

why such a high level of ozone is produced as a secondary product
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Part 2: Does AQHI reflect the air 
pollution issue in HK?

A brief review on the effectiveness of 
Clean Air Plan (2015-19)



How air pollution causes 
cardiovascular diseases (CVD)? 

• A brief overview – three pathways 

– Proinflammatory mediator created in the lung 
caused by air pollution spill over to blood 
circulation system

– Create automatic nervous system imbalance

– Penetration of PM directly into cardiovascular 
tissue (Franklin et al, 2015)
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AQHI fails to reduce CVD in HK’s 
elderly population

• Research by HKU School of Public Health

• The implementation of AQHI fails to reduce 
overall emergency admission for CVD

– A non-significant minor drop in emergency CVD 
admissions in the elderly

– No significant decrease in emergency hospital 
admissions for overall CVD or other major CVD-
subtypes, like stroke, heart failure and other CVD 
(Mason et al, 2020)
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Comparison of before 
and after policy

• Immediate after the 
policy, sudden drop in 
HPD and AMI

• Stroke, heart failure 
and other CVD 
admissions showed no 
changes following the 
policy (Mason et al, 
2020)

• Similar results for 
respiratory diseases →
no significant decline 
for all respiratory 
diseases (Mason et al, 
2019)
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Which pollutants represent AQHI better?

PM10 NO2 Ozone SO2 PM2.5 AQHI

PM10 1

NO2 1

Ozone -0.29 1

SO2 1

PM2.5 0.92 1

AQHI 0.71 0.41 0.67 0.24 0.68 1

The higher the correlation coefficient, the more related the change of 
pollutants with the change of AQHI

From the above correlation matrix, PM10 and PM2.5 is more correlated 
to AQHI than other pollutants from 2019 air quality data in HK
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Current deficiency in our AQHI formula

• Our statistical data shows that API is more 
correlated to PM10 and PM2.5, not ozone

• But current AQHI formula put more weight 
on ozone (50%) over PM2.5 (17%)

• That explains why we only have very high 
AQHI when ozone is high (but not PM2.5), for 
instance, before typhoon days
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(Wong Tze Wai, 2012)
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A case on 2019/12/22

• A case showing how the current AQHI is not 
sensitive to the high level of PM10/PM2.5

• On 2019 Dec 22

– After 2pm, high PM10, low ozone but relatively 
low AQHI

– As only focus on ozone, PM10 high is not reflected 
in the current AQHI system
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2019/12/22 AQHI

時間 中西區 東區 觀塘 深水埗 葵涌 荃灣 將軍澳 元朗 屯門 東涌 大埔 沙田 塔門 銅鑼灣 中環 旺角

12 3 3 3 3 3 3 3 5 5 5 3 3 3 4 3 3

13 4 3 4 4 4 5 3 6 6 6 4 3 3 5 5 5

14 5 4 5 5 5 6 4 7 7 6 5 3 4 6 6 6

15 7 4 6 6 6 8 4 8 8 7 7 4 4 8 8 8

16 8 5 7 7 7 9 4 9 9 8 8 5 4 8 8 8

17 8 5 6 7 8 9 5 9 9 9 8 6 5 9 9 8

18 8 5 5 7 8 9 4 9 9 9 8 7 4 9 9 8

19 8 4 4 7 8 9 4 9 9 8 7 7 4 8 9 8

20 8 4 4 7 7 8 4 8 9 7 6 7 3 8 8 8

21 7 4 4 6 6 6 4 8 8 6 5 7 3 7 8 7

22 6 4 4 6 5 5 4 7 7 5 5 6 3 7 7 6

For instance, CWD, AQHI for 1300 
and 1400 only 4 and 5 respectively, 
but PM2.5 and PM10 doubled and 
tripled from 12noon to 1300
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AQHI only increases 
from 3 to 4 when 
PM2.5 doubled and 
PM10 tripled

AQHI increases to 5 
to 8 when ozone 
tripled

Only sensitive to 
ozone? 

3
4
5
7
8

But the health impact of PM2.5 is much higher than ozone, 
both short-term and long term
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Review of Clean Air Plan – missing 
indicators

• How can we tell if Clean Air Plan is successful 
or not?

• Government focuses on decrease of level of 
air pollutants / implementation of planned 
policies

• But we also need to know whether those 
policies can improve health!
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Review Clean Air Plan – 1st indicator 

• Level of air pollutants

– Improvement in general vs. highest ozone in the 
past 4 years
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Review Clean Air Plan – 2nd indicator 

• Change in cardiovascular disease / respiratory 
disease hospital admission

– No significant decrease in emergency hospital 
admissions for overall CVD or other major CVD

– No significant decline for all respiratory diseases

31



Review Clean Air Plan – 3rd indicator 

• The effectiveness of AQHI implementation

– Seems not sensitive to certain high pollution 
episodes

– Public doesn’t fully understand the implication of 
AQHI

– As a result, implementation of AQHI fails to 
change people’s behavior and reduce hospital 
admissions for both cardiovascular and respiratory 
diseases
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A new Clean Air Plan – soon?

• Bold initiatives to target roadside emission
– Electrification of public transport

• Better indicator to show conversion from air pollution 
reduction to enhanced health 
– Include emergency admissions to cardiovascular and 

respiratory diseases, two main categories of disease 
directly affected by air quality

• Clear coordination and delegate other bureaus clear 
objectives to make a more comprehensive plan
– THB: ceiling for total mileage travelled by vehicles
– FHB: emergency admissions to CVD and respiratory 

diseases
– ENB: better frame AQHI to behavioral change of citizens in 

response to high pollution episodes
33



Appendix – 2019/12/22
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