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Abstract: Controversy persists because residents in regions where air quality is poor are always dissatisfied with the 

presentation of the air quality index (AQI). To make management policies acceptable, it needs to be determined whether adding 

the various weighting factors can make the AQI more reasonable and practical. The authors selected three indices i.e. AQI, 

revised air quality index (RAQI), and the air-dispersion AQI (ADRAQI) to compare their results in different atmospheric 

situations and to determine whether the AQI was made more reliable by adding various weighting factors such as multi-air 

pollutants and air dispersion derived from the mean function and an entropy function. Results show in comparison to AQI, the 

RAQI and ADRAQI have greater values in the multi-air pollutant and poor dispersion events, leading to a great difference 

between single air pollutant and multi-air pollutant events. The eclipsed phenomena in the AQI for the means of diseases related 

to air pollution such as acute atopic conjunctivitis, other chronic allergic conjunctivitis, other atopic dermatitis and related 

conditions, contact dermatitis and other eczema, and unspecified causes clearly appear. The findings suggest that the 

representation of AQI can be modified by considering the weighting factors of multiple air pollutants along with air dispersion; 

these can easily be applied to similar regions elsewhere. 
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1. Introduction 

Prior to using the AQI [1], since November 1994, the 

Taiwan Environmental Protection Administration (Taiwan 

EPA) used the pollution standard index (PSI) from the U.S. 

EPA when presenting air quality to the public on its website 

[2]. In December 2016, the Taiwan EPA started using the 

AQI which replaced the PSI and PM2.5 indices [3]. However, 

there has so far been some dissatisfaction among the 

Taiwanese people with regard to the reliability of the 

presentation of the AQI, even though the Taiwan EPA has 

attempted to offer better air quality information to residents. 

First, the use of an entirely foreign index without considering 

geographical conditions in the estimation of the index for the 

local area was considered as unsuitable. Second, the AQI 

selects the maximum sub-index from the concentrations of 

air pollutants. Therefore, it fails to show the influence of air 

quality on public health when there is pollution from multiple 

air pollutants [4]. Third, the breakpoints of the AQI are 

mainly determined by the symptoms or diseases associated 

with respiratory and cardiovascular systems [5] and may 

underestimate the real health effects of the air quality, 

especially in areas where this is poor. For example, people 

may feel uncomfortable because of the effect of air pollution 

on their skin [6, 7] or in their eyes [8-10]. 

By considering different weighting factors, such as 

multi-pollutant using the background arithmetic mean and 

Shannon’s entropy, Cheng et al. [11] modified the daily AQI, 

naming it the revised air quality index (RAQI) based on the 

AQI. Compared with AQI, RAQI considers the influence of 

multi-air pollutants, responding to a greater range of the 

index scale, while offering greater accuracy with respect to 

the unhealthy daily rate [12]. To clarify the issues raised by 

the public, we selected three indices that are based on the 

maximum sub-index, i.e. AQI, revised air quality index 
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(RAQI), and the air-dispersion AQI (ADRAQI) to compare 

their results in different atmospheric situations. 

This study aims to determine whether adding various 

weighting factors such as multiple air pollutants and air 

dispersion derived from the mean function and an entropy 

function made the AQI more reasonable and practical. 

2. Materials and Methods 

2.1. Study Area 

The weather in Taiwan is dominated by north-easterly and 

south-westerly monsoons in winter and summer, respectively, 

each lasting half a year [13]. The Kaoping region of the study 

area, including Kaohsiung City and Northern Pingtung County, 

is in southwestern Taiwan (Figure 1). In the winter, i.e. from 

October to April, this area is on the leeward side of the Central 

Mountain Range for the north-easterly monsoon; therefore, air 

dispersion is very poor during this period. In the region, when 

AQI ≥ 151, the major air pollution triggers are PM2.5 and 

PM2.5 & O3 events. 

 

Figure 1. Study area: a) location of Taiwan Central Weather Bureau (CWB) 

station and Environmental Protection Agency (EPA) in the Kaoping region; 

b) terrain of Taiwan. A: Kaohsiung City. B: Northern Pingtung County. Blue 

triangles: 14 Taiwan EPA air-quality monitoring sites. Red square: the 

Kaohsiung meteorological station. CMR: Central Mountain Range. The 

satellite figure was obtained from 

https://earth.google.com/web/@30.95252676,123.29904618,-3869.8010261

8a,4772806.30663455d,35y,-0h,0t,0r (Google Earth). 

2.2. Data 

The study period ranged from 1 January 2006 to 31 

December 2016. The hourly concentrations of PM10, PM2.5, O3, 

CO, NO2 and SO2 in the 14 air quality monitoring stations 

were obtained from the Taiwan EPA. The hourly surface air 

temperature, dew temperature, and wind speed at the 

Kaohsiung weather station were obtained from the Taiwan 

Central Weather Bureau (CWB). In this study, the number of 

admissions during the period ranging from 2006–2015 was 

classified according to the International Classification of 

Disease, 9th edition (ICD-9-CM), and the data from 2016 

were based on the International Classification of Disease, 10th 

edition (ICD-10-CM). The daily number of admissions of 

acute atopic conjunctivitis (ICD-9-CM 372.05; ICD-10-CM 

H10.10 H10.11 H10.12 H10.13), other chronic allergic 

conjunctivitis (ICD-9-CM 372.14; ICD-10-CM H10.411 

H10.412 H10.413 H10.419 H10.45), circulatory system 

diseases (ICD-9-CM 390-459; ICD-10-CM I00-I99.9), 

respiratory system diseases (ICD-9-CM 460-519; ICD-10-CM 

J00-J98.9), influenza with pneumonia (ICD-9-CM 487; 

ICD-10-CM J09. X1-J11.89); asthma (ICD-9-CM 493; 

ICD-10-CM J45.20-J45.901), other atopic dermatitis and 

related conditions (ICD-9-CM 691.8; ICD-10-CM 

L20.0-L20.9), contact dermatitis and other eczema, and 

unspecified cause (ICD-9-CM 692.9; ICD-10-CM L23.9 

L24.9 L25.9 L30.0 L30.2 L30.8 L30.9) was obtained from the 

Applied Health Research Data Integration Service from the 

National Health Insurance Administration (NHIA), Ministry 

of Health and Welfare. To manage the influenza effect, the 

admissions of influenza with pneumonia (ICD-9-CM 487; 

ICD-10-CM J09. X1-J11.89) were excluded in the admissions 

of respiratory system diseases (ICD-9-CM 460-519; 

ICD-10-CM J00-J98.9). Private data such as admitted 

patient’s identity numbers and addresses are unavailable; 

therefore, it was not possible to prevent the occurrence of bias, 

such as whether the admission was a Kaoping resident or 

whether the patient was a readmission which was 

unavoidable. 

2.3. Air Quality Indices 

The daily AQI was derived using the maximum sub-index, 

which was obtained from the measurement of the main air 

pollutant concentrations (Table 1), such as PM10 (an 

aerodynamic diameter of ≤ 10 µm), PM2.5 (an aerodynamic 

diameter of < 2.5 µm), ozone (O3), carbon monoxide (CO), 

sulphur dioxide (SO2), and nitrogen dioxide (NO2) [3]. The 

scale of the AQI system uses 50, 100, 150, 200, 300, and 500, 

according to the National Ambient Air Quality Standards 

(NAAQS) [5]. The Taiwan EPA defined the breakpoint 

concentrations based on NAAQS and other epidemiological 

studies. 

The term on the right side in Eq. (1), Maxdaily [S1, S2,…, 

Sn], is the maximum sub-index (S1, S2,…, Sn) of the 

measurement from the daily air pollutant concentration, 

while n=6 for AQI. 

AQI=Maxdaily [S1, S2,…, Sn]        (1) 

The ADRAQI derived from the two weighting factors 

(WF1 and WF2), with a mean function and an entropy 

function, is as shown in Eq. (2). 
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Table 1. Breakpoints for AQI (Taiwan EPA, 2016) in this study. 

AQI O3, 8-hr (ppm) O3, 1-hr (ppm) PM10 (µg/m3) PM2.5 (µg/m3) CO (ppm) SO2 (ppm) NO2 (ppm) Effect on health 

0–50 0.054 - 54 15.4 4.4 0.035 0.053 Good 

51–100 0.070 - 125 35.4 9.4 0.075 0.1 Moderate 

101–150 0.085 0.164 254 54.4 12.4 0.185 0.36 
Unhealthy for 

sensitive groups 

151–200 0.105 0.204 354 150.4 15.4 0.304 0.649 Unhealthy 

201–300 0.200 0.404 424 250.4 30.4 0.604 1.249 Very unhealthy 

301–500  0.604 604 500.4 50.4 1.004 2.049 Hazardous 

 

1 2ADRAQI AQI WF WF= × ×                 (2) 

[ ]{ }
[ ]

1 2

11
1

1 2
,

1 1

11
, ,...,[ ]

WF
, ,...,1 1

mn

j hourly ni
ji

m n
hourly n

i j

j i

Entropy Max S S SS
mn

Entropy Max S S S
S

m n

==

= =

  

= ×
   

  
  

∑∑

∑ ∑

      (3) 

[ ]

[ ]{ }
1

2

1

1

WF
[ ] 1

m

j

j

m
hourly

j

j

PBLH
m Entropy PBLH

Mean PBLH
Entropy PBLH

m

=

=

= ×
∑

∑

        (4) 

In this study, the Nozaki planetary boundary layer height 

(PBLH) was calculated as shown in Eq. (5) and Eq. (6) [14], 

subsequently being referred to as a weighting factor of air 

dispersion (WF2; Eq. (4)). 
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where h is the altitude of the monitoring site, L is the 

roughness of surface, S is the stable parameter, T−Td is the 

difference between the surface air temperature and the 

dew-point temperature, WSh is the mean wind speed at an 

altitude of h. 

2 sinf θ= Ω                    (6) 

where f is the Earth’s rotational parameter, Ω is the Earth’s 

rotational speed, and ϴ is the latitude of the monitoring site. 

The second term in Eq. (2) is the first weighting factor (WF1, 

(Eq. (3)), where the first operator is the background arithmetic 

mean, and the second operator is the background arithmetic 

mean entropy. This term considers the presence of multi-air 

pollutants, and can reform the deviation and divergence in the 

calculation of AQI, thus creating the RAQI (
1RAQI AQI WF= × ; 

[11, 12]), while improving the ambiguous and eclipsed 

problems of the air-pollution index [15]. 

Wind speed and air stability influence the dispersion of air 

pollutants. The mixing height, which shows the limited height 

of vertical air movement, is related to air quality [16, 17]. In 

this study, to consider local geographical features while 

determining the air quality accurately, it is important to 

consider the addition of another weighting factor to the AQI. 

The third term in Eq. (2) is the second weighting factor (WF2, 

Eq. (4)), with the first operator, which indicates the 

background arithmetic mean, being composed of the average 

of the sum of daily mixing height as the numerator (where 

m=the number of days from 2006 to 2016) and the daily 

average of the mixing height as the denominator. The second 

operator indicates the background arithmetic mean entropy, 

where the numerator is the entropy function of the daily 

average of the mixing height, and the denominator is the 

average of the sum of the entropy function of the daily average 

of the mixing height. For WF2, when the first operator is 

greater, the seconder operator is smaller, and vice versa. 

Therefore, the greater value of WF2 represents the influence of 

poor air dispersion, and vice versa. For example, by 

considering WF1 and WF2, 83 daily ADRAQI values were 

greater than the daily RAQI, and 52 daily ADRAQI values 

were smaller than the daily RAQI from 2006 to 2016 (Figure 2 

(a) and (b)). This term considers local geographical features, 

such as the altitude of the monitoring site and the roughness of 

the surface. It also includes thermal and dynamic features such 

as the temperature and wind speed, respectively, which are 

important factors that may influence the air dispersion. 
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b) 

Figure 2. Relationship between RAQI, ADRAQI and the weighting factor of air dispersion (WF2) from 2006 to 2016: a) ADRAQI is greater than RAQI; b) 

ADRAQI is lower than RAQI. RAQI: AQI × WF1. ADRAQI: RAQI × WF2. 

3. Results 

3.1. Presentation of the Reality of Air Quality Indices 

The distribution of the frequency of daily AQI, RAQI, and 

ADRAQI shows that 34.2% of the RAQI and 34.8% of the 

ADRAQI were ≥ 151. However, less than 25% of AQI was ≥ 

151. This suggests that the AQI is more relaxed than RAQI 

and ADRAQI. 

The mean values of AQI, RAQI, and ADRAQI in the PM2.5, 

O3, and PM2.5 & O3 events were significantly greater than 

those in normal conditions (P < 0.05) (Table 2). The RAQI 

and ADRAQI have greater values in the multi-air pollutant 

and poor dispersion events, leading to a great difference 

between single air pollutant and multi-air pollutant events. For 

example, the mean AQI was 163.7 (with a standard deviation 

of 11.6) for the O3 events and 169.3 (12.9) for the PM2.5 & O3 

events. The mean RAQI was 230.6 (17.2) for the O3 events 

and 267.4 (31.1) for the PM2.5 & O3 events, while ADRAQI 

was 261.1 (31.2) during the O3 events and 295.9 (78.2) during 

the PM2.5 & O3 events. It appears that the incorporation of 

WF1 and WF2 can contribute to improvements in the 

presentation of the reality of the AQIs. 

Table 2. Comparison of mean daily indices and weather parameters for the air-quality conditions in the Kaoping region between October and April from 2006 to 

2016. 

Daily indices and weather parameters Normal (n=241) PM2.5 (n=452) O3 (n=22) O3 & PM2.5 (n=45) 

AQI 78.6 (16.4)a 158.5 (6.6)b 163.7 (11.6)c, d 169.3 (12.9)d 

RAQI 66.9 (22.0)a 208.7 (28.1)b 230.6 (17.2)c 267.4 (31.1)d 

ADRAQI 69.9 (28.8)a 225.9 (70.5)b 261.1 (31.2)c 295.9 (78.2)d 

Mixing height (m) 4968.5 (1395.4)a 4760.3 (1240.6)b 4300.3 (908.3)b 4668.2 (1484.7)a, b 

Wind speed (m/s) 2.1 (0.6)a 1.9 (0.5)b 1.7 (0.2)b 1.7 (0.3)b 

Mean with the different letter are significantly different at the 0.05 level. ( ) indicates the standard deviation. 

3.2. Eclipsed and Ambiguous Phenomena in AQI 

Table 3 presents the comparison of the number of 

admissions for RAQI between categories A and B, and for 

ADRAQI between categories C and D. The null hypothesis 

(Ho) was that category B (category D) was significantly 

greater than or equal to category A (category C), and the 

alternative hypothesis (H1) was that category A (category C) 

was significantly greater than category B (category D). 

Table 1 shows the six break points of the AQI categorizing 

the effects on health. 12 of the daily RAQI data points were 

characterized as ‘unhealthy for sensitive groups’ by 

considering multi-air pollutants from the ‘moderate’ group, 

which is called category A, while 71 daily RAQI data points 

were in the ‘moderate’ category by considering multi-air 

pollutants from ‘unhealthy for sensitive groups’, which is 

called category B. The mean number of cases of chronic 

allergic conjunctivitis, atopic dermatitis, and other related 

conditions in category A are significantly greater than those 

in category B (P < 0.05). For example, the mean number of 

admissions due to other chronic allergic conjunctivitis cases 

was 857.1/day (with a standard deviation of 112.3/day) in 

category A, and 787.8/day (171.5/day) in category B. 

Of the daily ADRAQI readings, 83 were characterized as 

“unhealthy for sensitive groups” considering poor air dispersion 

from the “moderate” group, denoted category C, while 52 daily 

ADRAQI readings were in the “moderate” category considering 

good air dispersion as “unhealthy for sensitive groups,” or 

category D (Table 3). This means hospital admissions due to 

acute atopic conjunctivitis, other chronic allergic conjunctivitis, 

other atopic dermatitis and related conditions, contact dermatitis 

and other eczema, and unspecified causes in category C were 

significantly greater than those in category D (P < 0.05). For 

example, the mean number of acute atopic conjunctivitis cases 

was 46.2/day (12.9/day) in category C and 38.4/day (13.7/day) 

in category D. 
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Table 3. Comparison of the number of admissions for RAQI between categories A and B, and for ADRAQI between categories C and D from 2006 to 2016. 

Diseases A (n=12) B (n=71) C (n=83) D (n=52) 

Acute atopic conjunctivitis 46.5 (13.6) 40.4 (14.0) 46.2 (12.9)* 38.4 (13.7) 

Other chronic allergic conjunctivitis 857.1 (112.3)* 787.8 (171.5) 870.1 (127.9)* 769.8 (178.2) 

Circulatory system diseases 14558.8 (2584.5) 14491.2 (2121.2) 14625.0 (1700.9) 14643.5 (1643.8) 

Respiratory system diseases 37925.2 (5282.0) 40172.3 (8064.4) 35706.0 (5198.0) 40664.7 (6354.6) 

Asthma 832.4 (179.7) 859.5 (253.8) 791.4 (224.6) 801.4 (112.0) 

Other atopic dermatitis and related conditions 349.3 (43.9)* 313.6 (49.9) 348.0 (45.6)* 310.6 (47.0) 

Contact dermatitis and other eczema, unspecified cause 2165.8 (196.7) 2063.6 (300.7) 2262.8 (243.3)* 2023.9 (287.1) 

( ) indicates the standard deviation. ‘*’ indicates that the number is clearly larger than the one in categories A and B, and categories C and D, respectively (P < 

0.05, one-tailed test). 

4. Discussion 

In common real air conditions, more than one air pollutant 

can contribute to the air-pollution event. Considering multi-air 

pollutants can lead to a value of the index that is close to the 

actual air quality because WF1 determines the value of the 

RAQI under the influence of multi-air pollutants. The 

breakpoint of 101 is between the ‘moderate’ category and 

‘unhealthy for sensitive groups’ category (Table 1). When the 

value of AQI is less than and close to 101, RAQI may fall in 

the ‘unhealthy for sensitive groups’ category, based on the 

greater effect of WF1. Therefore, the eclipsed phenomenon 

implies that multi-air pollutants exist, suggesting that the 

actual air quality is worse than the public’s expectation of it. 

On the contrary, when the value of AQI falls in the ‘unhealthy 

for sensitive groups’ category, RAQI may fall in the ‘moderate’ 

category by considering the reduced effect of WF1. This 

ambiguous phenomenon implies that there is a small effect of 

multi-air pollutants, suggesting that the air quality is better 

than the public’s expectation of it. 

Air dispersion is related to the concentration of air 

pollutants in a city [18, 19]. Air pollutants may accumulate 

near emission sources under poor air dispersion conditions. 

Considering that the air dispersion can also shift the index 

closer to the actual air quality, WF2 determines the ADRAQI 

under the influence of air dispersion. Therefore, the eclipsed 

phenomenon implies that the air dispersion is poor, suggesting 

that the air quality is worse than the public expects. On the 

contrary, the ambiguous phenomenon implies that the air 

dispersion is good, suggesting that the air quality is better than 

the public expects. 

5. Conclusion 

There is still room for the improvement of the AQI. 

First, the addition of weighting factors of multi-air 

pollutants can improve the presentation of the reality of 

the AQIs in areas with pollution due to multiple air 

pollutants. Second, the eclipsed phenomena of the AQI to 

the means of acute atopic conjunctivitis, other chronic 

allergic conjunctivitis, other atopic dermatitis and related 

conditions, contact dermatitis and other eczema, and 

unspecified causes can be mitigated by considering 

multi-air pollutants and air dispersion. 

This study suggests that to make efficient management 

policies, authorities should modify the AQI used for local 

circumstances. The determination of the breakpoints of a 

category in an index should not only consider cardiovascular 

and respiratory system diseases, but also other diseases 

associated with air pollution. 
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