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Executive summary 
This report summarises several international approaches to reporting ambient air quality by Air 
Quality Index (AQI). AQI is a simple method of communicating ambient air quality data to end 
users, usually the public. AQIs have been used globally since the 1970s and were pioneered by 
the United States Environmental Protection Agency (USEPA). Their primary purpose is to report 
ambient air quality data and its health effects to people with little or no understanding of the many 
ambient air quality guidelines and standards. AQI usually use the familiar ‘traffic light’ colour scale 
to convey health effects to users. AQI allows the public to adjust their behaviours in times of poor 
ambient air quality. AQIs are usually reported in real-time, online and increasingly, on smart phone 
applications. 

Various kinds of AQI are used globally. Two broad kinds exist, firstly those which assess 
performance against ambient air quality guidelines or standards and ascribe health effects to them, 
and secondly those where classifications are based on health effects. 

Auckland (and New Zealand) does not currently have an AQI, which represents a significant gap in 
the ambient air quality monitoring programme. Auckland Council should look to implement an AQI, 
in order to remain up to date with international best practice, and to provide meaningful reporting of 
ambient air quality to the public. There is potential, for an AQI to be developed in Auckland, which 
has national relevance and could potentially be rolled out nationwide. 

This report aims to: 

• Summarise various AQI globally and briefly asses their strengths 
• Summarise benefits of an AQI 
• Present example AQI for Auckland using 2013 monitoring data 
• Present recommendations for establishing an AQI in Auckland 
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1.0 Introduction 

1.1 How are air quality data communicated (Auckland, 
New Zealand and globally) 

 

In New Zealand, regional councils are tasked with monitoring ambient air quality under the 
Resource Management Act 1991 (RMA, 1991), and reporting compliance of gazetted airsheds 
with the National Environmental Standards for Air Quality (NES-AQ) (MfE, 2014). These 
ambient air quality data collected by regional councils is reported in several ways. The 
majority of regional councils have the data they collect available on their websites. In practice, 
this is done in several ways, and with little standardisation. Regional councils may choose to 
make raw data available, or to make technical reports available as summary documents. 
Often, data reporting is geared largely toward tracking compliance with the National 
Environmental Standards for Air Quality (NES-AQ) (MfE, 2014). Making raw data and reports 
available online are great tools; however whether they are understood by end users is another 
question. Understanding other environmental datasets held by regional councils (e.g. rainfall, 
river level) is easier for the general public, as this data is more tangible, and for example, the 
public are used to thinking in terms of mm of rainfall and adjusting their activities accordingly. 
A challenge therefore exists to report ambient air quality data in a meaningful way, which 
highlights the health risks that the population are exposed to, rather than focussing on 
compliance with a standard. An Air Quality Index (AQI) is therefore potentially a useful tool for 
reporting of ambient air quality, both in real time, and for annual compliance and state of the 
environment reporting, as this report will demonstrate. 

Currently ambient air quality data in Auckland are only reported yearly, in the State of 
Environment report cards. These cards provide simple and easy to understand analysis of 
ambient air quality, intended for public audience. However, this is currently the only routine 
reporting of ambient air quality data in Auckland. This has several limitations, in that the public 
are not aware of either the data held by council, or the potential health effects. Furthermore, it 
does not represent value for ratepayers. 

Globally, the vast majority of countries that conduct ambient air quality monitoring, report the 
data to the public via an AQI (in addition to making raw data available). Countries currently 
operating an AQI include Canada (Ménard, 2014; Stevens, 2014), China (including Hong 
Kong), Mexico, Singapore, UK and USA (Mintz, 2009). A Europe–wide index also operates, 
managed by the European Union (Van den Elshout, 2008; 2012). Generally, this data is then 
available online, or via smartphone applications. Usually, the AQI is developed by a central 
government agency (e.g. United States Environmental Protection Agency (USEPA) in the 
USA, or Department for Environment, Food and Rural Affairs (DEFRA) in the UK. AQI are 
then reported through either local government websites, or national websites, or both in some 
cases. In the late 1990s Ministry for the Environment (MfE) began a project around 
environmental performance indicators (EPI) (MfE, 1998) which was similar to an AQI. This 
project failed to gain traction and was not widely used. 
__________________________________________________________________________________ 
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1.2 What is an AQI? 
 

An Air Quality index (AQI) is an indicator of air quality, based on air pollutants that have 
adverse effects on human health and the environment. AQI may consist of an individual 
pollutant, or a suite of pollutants, depending on the dominance of various emissions sources in 
the area concerned. 

AQIs take pollutant concentrations from ambient air quality monitoring sites, and convert these 
data to a single figure. Usually, these numbers are colour – coded against a scale relating to 
relative health impacts. The nature of the figure and the scale are flexible, with many different 
AQI in use globally. Usually, the scales range from something approximating ‘safe’ to 
‘hazardous’. These classifications are then further described to give guidance around their 
health effects on specific groups of the population. In some cases, epidemiological experts 
develop the bands based on health effects at different ambient concentrations. 

Often AQI report a single pollutant from a monitoring site. The usual approach is to calculate 
AQI for all pollutants and report the highest value (Mintz, 2009). New approaches use 
methods to calculate an AQI using a range of pollutants from ambient air quality monitoring 
sites (Cheng et al. 2003; Cheng et al. 2007; Hasselback and Taylor, 2010) are being 
developed as ‘next generation’ AQI. These approaches do however assume a degree of 
standardisation of pollutants measured by ambient air quality monitoring sites. 

AQIs are primarily a tool for communicating air quality to the public. Whilst people globally are 
generally concerned about ambient air quality (Evans et al. 1988, Bickerstaff and Walker, 
1999; Johnson, 2002) the complex nature of monitoring data, and constantly evolving national 
and international standards, guidelines and exceedence values mean that deciphering data is 
often too difficult for the casual observer. Simply making ambient air quality data available 
online is no longer enough – this assumes that the public have both the inclination and skill to 
translate data to meaningful risk for their health (Steib, 1996; Johnson, 2003). An AQI distils 
data to a single, transferable number. Furthermore, an AQI appropriately codes the AQI value 
against risk and health effects. The public can therefore quickly understand ambient air quality 
in their area, and adjust their activities accordingly.  

AQI are used extensively internationally, and have long been recognised as an effective 
method of translating the complexities and eccentricities of ambient air quality to the public, as 
well as ascribing meaningful health effects to ambient air quality. 

This report aims to: 

• Summarise various AQI globally and briefly asses their strengths 
• Summarise benefits of an AQI 
• Present example AQI for Auckland using 2013 monitoring data 
• Present recommendations for establishing an AQI in Auckland 
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2.0 Benefits of Air Quality Index 

2.1 Communication to stakeholders 

Communication of ambient air quality data to the public presents significant challenges. In 
order to engage with the public in a meaningful manner, ambient air quality data needs to be 
presented in both an accessible format, and in a manner which translates data into tangible 
results. Given the regulatory landscape of ambient air quality, with consistently evolving 
guidelines, standards and recommendations, agencies have a responsibility to stakeholders 
(e.g. ratepayers) to translate this relatively complex world into an output which has real 
meaning for users. Presentation of graphs and standards is no longer enough, and may serve 
to disengage the public. AQI address these issues in several ways. 

Firstly, AQI remove the requirement for a user to understand what a given ambient 
concentration of a pollutant really means. Ambient air quality professionals generally 
understand the data, in terms of units, ambient concentrations and values of concern, but the 
public may not necessarily have the ability or inclination to make informed judgements about 
implications of given values. AQI distil this data into a single figure, and add a colour code, 
meaning that a tangible assessment of ambient air quality is provided quickly. The familiar 
green – red colour scale assists here too. 

AQI allow the public to make meaningful comparisons between sites, areas and even 
internationally. The universal score and colour code means that the comparisons can be 
easily made. In the USEPA and DEFRA examples, the comparisons are provided through 
maps and other graphics available online. 

Thirdly, AQI generally have health effects associated with their various index bands. In many 
examples, two groups are provided, for general public, and more sensitive groups. The public 
therefore, are able to associate given AQI values with tangible effects on their health, allowing 
modification of behaviour where possible. In the AQHI and DEFRA examples, this is more 
explicit, as the other AQI described in this report ascribe the health effects to their bands, 
rather than using the health effects in the development of their bands. 

2.2 Assisting compliance reporting 

In the New Zealand context, considerable effort is spent on reporting compliance of gazetted 
airsheds with the NES-AQ (MfE, 2014). This reporting is important, as this can be an indicator 
of public exposure to pollutants. The reporting can track long term trends in ambient air 
quality. However, the link between this and health effects is not overtly stated. An AQI 
approach, targeting towards health effects, may allow organisations to track trends in health 
effects on the population. Potentially, organisations may prefer to report statistics around 
reduced activity days, or days with higher health effects rather than the concentrations and 
exceedances that are traditionally reported. 
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2.3 Real-time reporting 

As described in section 3, one of the strengths of AQIs is the ability to report large amounts of 
data, often from multiple ambient air quality sites, easily in real time. The relatively simple 
calculations mean that an entire monitoring network can be reported on a single web page, in 
a meaningful way. The colour coding of the AQI bands translate well to spatial representations 
such as maps, contouring and animation of changes through time. The DEFRA website, for 
example, summarises the entire United Kingdom in an easy to understand manner.  

2.4 Smartphone connectivity 

The popularity of smartphones represents an opportunity for mobile access to AQI. 
Internationally, many agencies make their AQI and ambient air quality data available through 
smartphone apps. These apps allow truly mobile access to AQI, which increases the 
importance of AQI to the public. Many apps also feature notification services to allow users to 
be updated of changes in ambient air quality in real time. Smartphone apps are available for 
many cities in Asia, USA and Canada. As the world becomes increasingly connected, 
smartphone apps are increasingly regarded as necessities. 

2.5 Tracking delivery on Auckland Council strategic 
objectives 

Strategic Direction 7 of the Auckland Plan (Auckland Council, 2012), “Acknowledge that 
nature and people are inseparable” is relevant in terms of the AQI. Ambient air quality has 
effects on both people and nature, and a meaningful way of communicating ambient air quality 
to the public is essential to deliver this. Furthermore, AQI allow the public to begin to 
understand how their daily activities both affect and are affected by ambient air quality. AQI 
allow the public to make an informed judgement about altering their daily activities in response 
to ambient air quality. 

Directive 7.7 “Minimise reverse sensitivity and exposure associated with emissions” is also 
applicable. Currently, the public has access to very limited information about ambient air 
quality, and accordingly there is little public knowledge around ambient air quality, specifically 
concentrations which people are exposed to daily. An AQI would allow the public to make 
informed decisions in real time, to self-regulate their exposure to reduced ambient air quality. 
An AQI would also allow public to make decisions to positively alter ambient air quality, such 
as using public transport, installing compliant woodburner or operating existing ones at higher 
efficiency. 

Section 5.1 of the Proposed Unitary Plan (Auckland Council, 2012) has two major objectives 
relevant to an AQI. Firstly, “Air quality is maintained in those parts of Auckland that have 
excellent or good air quality, and air quality is enhanced in those parts of Auckland where it is 
poor” relates well to the ability of AQI to track trends in ambient air quality. For instance, if 
there is an increase in number of days falling in a given AQI band, then it’s easy to assess the 
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success of this objective. An AQI would allow the result to be communicated in an easily 
understandable manner.  
 
Secondly, “Land use is managed to avoid or mitigate the adverse effects of motor vehicle 
emissions on people, especially in respect of children’s health” also has relevance here, in 
that any changes in land use can be assessed by changes in AQI, and then reported in a 
meaningful way to the public. If a health-effects bases AQI is selected, then any changes seen 
are easily converted into real – world health effects. 
 
An AQI could also be used for tracking of compliance with the AAAQS, required under the 
PAUP (Auckland Council, 2013). This would allow Auckland Council to meaningfully report on 
the trends in health effects, based on the AAAQS. For instance, annual reporting could report 
the number or percentage of days in each band, and thus report the number of days with 
increased risk of health effects. Potentially, this could be translated into a cost to the Auckland 
economy. 
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3.0 Examples of Air Quality Indexes  

3.1 USEPA AQI 

Pollution indexes have been used by the United States Environmental Protection Agency 
(USEPA) since the 1970’s. In 1976, the USEPA released the Pollutant Standard Index (PSI). 
The PSI rated ambient air quality from 0-500, with 100 equal to the National Ambient Air 
Quality Standard (NAAQS). The PSI was calculated for every pollutant with a NAAQS at an 
individual monitoring site, but only the highest exceeding pollutant was reported. The PSI also 
had descriptors intended to convey the potential health effects. The PSI was revised in 1979 
and used for the next 20 years (Johnson, 2003). 

In 1998, the USEPA began to look at revising the PSI. The USEPA was concerned that health 
effects could occur at ambient concentrations below the NAAQS (e.g. 100 on the PSI) for 
sensitive people (e.g. those with asthma), but probably would not affect the majority of people. 
Accordingly the USEPA embarked on a programme of focus groups and conducted an 
exploratory study to assess how to adjust the PSI to include ‘sensitive groups’ and redevelop 
the risk categories (Johnson, 2003). The revised PSI was adopted as the Air Quality Index in 
1999, and was effective from August the same year (Johnson, 2003; Mintz, 2009; USEPA, 
2012). In 2012, the USEPA revised the NAAQS, for PM2.5 and accordingly altered the bands 
for PM2.5. This reflects international concern around the health effects of PM2.5 (WHO, 2013A, 
B) 

The AQI is based on the five pollutants regulated by the Clean Air Act: ground-level ozone, 
particulate matter, carbon monoxide, sulphur dioxide, and nitrogen dioxide. These pollutants 
all have NAAQS, which translate to roughly 100 on the AQI (USEPA, 2009B) 

The air quality index is a piecewise linear function of the pollutant concentration. At the 
boundary between AQI categories, there is a discontinuous jump of one AQI unit. To convert 
from concentration to AQI this equation is used: 

 

Where: 

Ip =  the index for pollutant p 
Cp =  the rounded concentration of pollutant p 
BPHi =  the breakpoint that is ≤ Cp 
BPLo =  the breakpoint that is ≥ Cp 
Ilhi =  the AQI value corresponding to BPHi 
Ilo=  the AQI value corresponding to BPLo 
(Johnson, 2003; Mintz, 2009) 
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Each AQI pollutant has a specific breakpoint, which determine based on the concentration, 
what classification the concentration falls in (figure 1). 
 
 
 

 

 

Figure 1 USEPA AQI breakpoints (from Mintz, 2009) 

Suppose a site records a 24hr average PM10 value of 70 µg/m3, then the equation to calculate 
the AQI is: 

𝐴𝐴𝐴𝐴𝐴𝐴 =  
100 − 51
154 − 55

 (70 − 55) + 51 = 58.3  
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The AQI value for the 24hr average therefore corresponds to the moderate category (figure 2). 
In the case of a site with multiple pollutants being measured, the AQI should be calculated for 
all pollutants, and the highest AQI value reported as the AQI for the site (Mintz, 2009). In this 
situation the USEPA recommends reporting the AQI and saying what pollutant is responsible 
for the AQI value (Mintz, 2009). It should be noted that the best ambient air quality rating is 
‘Good’, rather than ‘excellent’ or similarly emotive words. This reflects international best 
practice around guidelines and standards, which generally states that there is no ‘safe’ 
concentration of pollutants, rather, below the standard there is an acceptable level of risk for 
the majority of the population exposed to a given concentration (WHO, 2005; Mintz, 2009, 
WHO, 2013A, B) 

 

Due to the structure of ambient air quality monitoring in the USA, with all data collected on 
behalf of the USEPA by State environmental protection authorities, the USEPA is able to 
report the AQI at a national scale, and forecast AQI in near – real time. Local data are also 
reported online by state authorities. The spatial coverage of ambient air quality sites in the 
United States allows the USEPA to provide real time access to national scale AQI information 
through their website, www.airnow.gov. An example of a nationwide AQI is shown in figure 3. 
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Figure 2 USEPA 
AQI classes and 
meanings 
(Johnson, 2003; 
USEPA, 2009A; 
2009B)  
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Figure 3 USEPA AQI for Wednesday 27th February 2014, from the USEPA AIRNOW 
website. 

3.2 British Columbia, Canada 
 

British Columbia uses the Air Quality Health Index (AQHI), developed by Environment 
Canada. The AQHI was developed using data and existing research from Canadian 
epidemiological studies, and this specifically estimates the short term health risks caused by 
degraded ambient air quality, rather than the USEPA AQI which ascribes risk as a function of 
the exceedence of the NAAQS. Thus the AQHI assesses relative health risks, rather than 
assessing a management guideline (Hasselback and Taylor, 2010). Higher AQHI values thus 
have higher health risks. The AQHI also recognises the ‘no safe level’ concept, and 
accordingly splits the health advice for the index into 2 categories ‘at risk’ (for those with 
existing health issues, e.g. Asthma, Cardiopulmonary issues) and ‘general population’ for 
those with better health. Modifications to behaviour are therefore suggested lower down the 
scale for those in the ‘at risk’ group. 

The AQHI differs from the USEPA AQI in a few major ways. Firstly, the AQHI uses multiple 
pollutants from ambient air quality monitoring sites, specifically nitrogen dioxide (NO2), ozone 
(O3), and particulate matter (PM2.5). Each of these pollutants has specific health effects, they 

__________________________________________________________________________________ 

An air quality index for Auckland  18 

 



also provide useful proxies for pollutants not included in the AQHI, such as PM10, and also 
cover the major sources of pollutants (Hasselback and Taylor, 2010).Secondly, the scaling of 
the index is slightly different, in that the AQHI ranges from 1 to 10 (low-high risk). Values over 
10 are reported as 10+, and are seldom seen in Canada, apart from in unusual conditions 
such as forest fires (Hasselback and Taylor, 2010).Thirdly, the equations for calculation of the 
AQHI are much different to the USEPA AQI. However, there is no need for the breakpoints to 
be known as in the USEPA AQI. The AQHI function is: 

𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 =
10

10.4
× (100 × �𝑒𝑒(0.000871 ×𝑁𝑁) − 1 + 𝑒𝑒(0.000537 ×𝑂𝑂)  − 1 + 𝑒𝑒(0.000487×𝑃𝑃𝑃𝑃) − 1�) 

Where: 

AQHI =  the AQHI value 
N =  nitrogen dioxide (ppb) 
O =  Ozone  (ppb) 
PM =  PM2.5  (µg/m3) 
(Hasselback and Taylor, 2010) 

The result of the equation is therefore the AQHI value. Results are rounded up to the nearest 
positive integer. Results less than 0.5 are rounded up to one. The AQHI values are then 
categorised using the 2 groups method, as shown in figure 4.  

As is common internationally, the AQHI values are then posted online (see figure 5). 
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Figure 4 Canada AQHI codes and health messages (Hasselback and Taylor, 2010) 

 
 

 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 5 Canada AQHI for 
Metro Vancouver 
(27/02/2014) (Source 
http://weather.gc.ca/airqual
ity/pages/bcaq-001_e.html 
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3.3 Australian examples 

3.3.1 New South Wales (NSW) and Victoria 

The NSW Government and Victoria EPA administer publish an AQI for their respective state. 
NSW and Victoria use the same AQI, but the results are reported through their respective 
websites. The NSW/VIC AQI uses the simplest arithmetic of the AQI covered in this report. As 
per the USEPA AQI, the AQI is calculated for all pollutants at a site, and then the highest AQI 
value is reported. Pollutants used are ozone (O3), nitrogen dioxide (NO2), carbon monoxide 
(CO), sulphur dioxide (SO2), particulates (either PM10 or PM2.5) and visibility (as Bsp). The 
NSW AQI is calculated using this formula: 

𝐴𝐴𝐴𝐴𝐴𝐴 =  
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
 × 100 

As shown in the formula, the NSW/VIC AQI is largely based on the relationship between the 
pollutant concentration and the standard for that pollutant, in the case of Australia this is the 
National Environmental Protection Measures (NEPM) which in practice are similar to the 
National Environmental Standards for Air Quality (NES-AQ). The relationship between the 
index and health effects is less overt than the Canadian AQHI. 

A potential benefit of the NSW AQI is the ease of calculation. Suppose a monitoring site 
records a 24hr average PM10 value of 60 µg/m3. The AQI calculation is therefore: 

𝐴𝐴𝐴𝐴𝐴𝐴 =  
60
50

 × 100 = 120 

 

The AQI value of 120 corresponds to an AQI rating of poor (see figure 6, below). 

 
Figure 6 NSW AQI classes (top) and Victoria AQI classes (http://www.epa.vic.gov.au/Our-
work/Monitoring-the-environment/Air-quality-bulletins/Hourly-air-quality-interactive-map) 
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As is international best practice, the AQI values are reported online at 
www.envrionment.nsw.gov.au and www.epa.vic.gov.au. The example AQI Values are 
summarised in a table, shown in figure 7.  

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 NSW AQI values (top) and Victoria AQI values (bottom), as published online 
(http://www.epa.vic.gov.au/Our-work/Monitoring-the-environment/Air-quality-bulletins/Hourly-
air-quality-interactive-map)  
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3.4 UK example 

In the UK, the Department for Environment, Food and Rural Affairs (DEFRA) publishes an AQI 
called the Daily Air Quality Index (DAQI). The DAQI differs to all other AQI reviewed here in 
that there is no calculation required to derive the index value. Rather, the DAQI uses a set of 
breakpoints to classify ambient concentrations pollutants on a colour – coded scale for each 
pollutant, ranging from Low to very high. Pollutants used are ozone (O3) nitrogen dioxide 
(NO2), carbon monoxide (CO), sulphur dioxide (SO2), PM10 and PM2.5. Like the AQHI, the 
DAQI is concerned with health effects rather than assessing concentrations related to an 
ambient air quality standard. The classification was developed by a group of health experts, 
Committee on Medical Effects of Air Pollutants (COMEAP).The boundaries between index 
classes are (figure 8): 

 

 

Figure 8 DAQI Classes and breakpoints for target pollutants http://uk-
air.defra.gov.uk/air-pollution/daqi 
__________________________________________________________________________________ 

An air quality index for Auckland  23 

 



 

DEFRA reports the DAQI online (figure 9), and also forecasts ambient air quality as the DAQI. 

 

 

Figure 9 DAQI summary from www.uk-air.defra.gov.uk 

3.5 Summary of AQI techniques  

As outlined in this section, there are several key differences in AQI used globally (table 1). The 
key difference is whether the AQI was calculated based on known health effects, or whether 
the health effects are ascribed to the AQI bands. The number of bands also has a bearing on 
the end resolution of the AQI, directly influencing its usefulness. In the Auckland context, the 
Canada AQHI, whilst useful, may not applicable as current Auckland Council sites do not 
monitor the required group of pollutants at all ambient air quality monitoring sites, as shown in 
table 1.Table 1 Summary of key descriptors of AQI presented. 
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AQI 
Health 
effects 
based 

Compliance 
based 

Calculation 

Difficulty 

Multiple 
pollutants 

used? 

Number 
of 

bands 

Currently 
reported 
on line 

Applicable 
for 

Auckland? 

USEPA 
AQI 

Ascribes 
risk to 
bands 

Yes, NAAQS 
standards 

based 
Simple 

Highest 
AQI 

reported 
6 Yes Yes 

Canada 
AQHI 

Yes, splits 
population 

into 2 
groups 

No, purely 
health effects 

based 
Medium 

Yes, NO2, 
O3, PM2.5 

11 Yes 

No – no 
Auckland 

Council sites 
measure the 

required 
combination 
of pollutants 

NSW / 
Victoria 

AQI 

Ascribes 
risk to 
bands 

Yes, NEPM 
standards 

based 
Simple 

Highest 
AQI 

reported 
6 Yes Yes 

DEFRA 
DAQI 

Yes, bands 
were 

developed 
based on 

health 
effects 

No, purely 
health effects 

based 

No calculation – 
bands are 
based on 
ambient 

concentrations 

Highest 
AQI 

reported 
10 Yes Yes 

Key strengths Key weaknesses 

USEPA 
AQI 

• Proven technique with long history of 
use 

• Simple outputs 
• Backed by USEPA 
• Reports highest pollutant result as 

AQI 

• Fiddly calculation 

Canada 
AQHI 

• Strong basis in health effects 
• High resolution scale 

• Requires specific pollutants at sites for 
calculation 

NSW / 
Victoria 

AQI 

• Simple outputs • Lower resolution scale 

DEFRA 
DAQI 

• High resolution scale 
• Health effects based 
• No calculation – based on 

classification of concentration 

• Higher resolution potentially confusing for 
public 
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4.0 An AQI for Auckland – example data 
This section presents 2013 PM10 data (24hr average, from Beta Attenuation Monitor sites 
(BAM)), using the DEFRA AQI and the NSW/Victoria AQI. These two methods were chosen 
as they represent two fairly different methods of AQI calculation. The NSW/Victoria AQI is 
based around compliance against ambient air quality standards, and thus the relevant 
standard drives the AQI value. This is a similar approach to the New Zealand EPI (MfE, 1998). 
The DEFRA method differs in that the index bounds are defined by acceptable health risk 
factors, published by the COMEAP group. Ideally, an AQI is reported in real-time, online or by 
smartphone apps. This section attempts to show how AQI data can be manually reported. 

4.1 Reporting annual AQI data 

Index values were calculated for all daily averages for PM10 for 2013. PM10 was chosen as it is 
a good indicator of ambient air quality, and is currently the focus of monitoring efforts in 
Auckland and New Zealand. The daily AQI for each site was calculated using the formula in 
section 2.3.1 (NSW/VIC AQI) and section 2.4 for the DEFRA method. The resulting index 
values were then converted to a percentage of days, and plotted (figures 10 and 11). Daily 
index values were also plotted on a calendar grid for each method, using data from Khyber 
Pass (figures 12 and 13). This site was chosen as in 2013 there were a good range of daily 
averages, from well under the NES-AQ to exceeding the NES-AQ.  

Figures 10 and 11 highlight the differences between the two AQI methods used here. Given 
that the DEFRA AQI had more index bands, figure 5.2 shows the actual AQI values in greater 
detail, which potentially conveys more information to the user. For example, the Khyber Pass 
bar in the DEFRA example uses 5 different bands to cover the low to moderate range, where 
the NSW / Victoria example uses only 2 bands to cover the same range. Given the recent 
assertions in literature around no safe levels for pollutants (WHO, 2013A,B), it makes sense 
for AQIs to convey as much information, even at low AQI values as possible.  

Figures 12 and 13 show a similar pattern. The calendar plot method is an extension of a 
method used by Mintz et al (1994), who asserted that when constructed carefully similar plots 
conveyed temporal patterns in an easy to understand manner. Again, the resolution of the 
DEFRA method allows more detail to be shown in the plot. The NSW / Victoria method again 
appears to present an overly simplified representation. The calendar plot however, is a 
powerful tool for summarising yearly data in a meaningful manner. The public can easily 
assess ambient air quality through time, without understanding of guidelines and standards. 
Days of high AQI (as thus concentrations) are obvious, such as those seen on March 7 and 
October 28th, both exceedances of the NES-AQ (MfE, 2014). 

Both graphical approaches presented provide meaningful reporting of AQI. The percentage of 
days (figure 10 and 11) perhaps provide a good way of summarising the entire network, as 
sites can be directly compared, useful for annual reporting and tracking trends. The calendar 
plot, whilst designed to report annual scale data, could be used in real time, updated daily on 
a website. For annual reporting, it also conveys higher resolution data, in that daily values are 
__________________________________________________________________________________ 
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presented through time. 

 

Figure 10 2013 PM10 AQI for Auckland ambient air quality sites (NSW/Victoria method) 

 

 

 

Figure 11 2013 PM10 AQI for Auckland ambient air quality sites (DEFRA method) 
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Figure 12 2013 PM10 AQI for Khyber Pass ambient air quality site (NSW / Victoria 
method) 
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Figure 13 2013 PM10 AQI for Khyber Pass ambient air quality site (DEFRA Method) 
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4.2 Reporting AQI Trends 

AQI can be used for reporting annual trends to the public. Whilst these outputs are perhaps 
not sufficient for long term trend analysis, they provide a quick summary for the public of 
differences between years. Figures 14 and 15 present both 2012 and 2013 daily average 
PM10 AQI using the DEFRA method.  

Figure 15 allows comparison between years, and sites. This allows quick assessment of 
differences between years. The plot is however rather busy. In figure 14, AQI data from 
Khyber Pass and Takapuna have been separated. At the percentage of days falling in each 
AQI band remains fairly steady between 2012 and 2013. In 2013 however, there were 
exceedances of the NES-AQ for PM10, and accordingly there is a small ‘very high’ percentage 
shown on the plot. Broadly speaking, 2013 had generally higher AQI values, and thus lower 
ambient air quality. At Takapuna, 2012 was a much better year than 2013, with a high 
percentage of Low AQI values. Again, a very broad comment can be made that 2012 was a 
better ambient air quality year at Takapuna. 

There are obvious differences in the AQI results for Takapuna and Khyber Pass. At Takapuna, 
the vast majority of daily AQI values fall within the low bands, with a small proportion of 
Moderate days (0.5 – 1 %). At Khyber Pass however, the AQI falls into the moderate band 
between 10-15% of the time.  

This approach allows the public to make informed decisions about ambient air quality in 
different parts of Auckland. For example, at a glance in figure 15, the lower AQI values 
recorded at Whangaparoa and Patumahoe (rural background sites) show the influence of the 
city and people’s daily activities on ambient air quality well. 
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Figure 14 2012 and 2013 PM10 AQI for Khyber Pass and Takapuna ambient air quality 
sites (DEFRA method) 
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Figure 15 2012 and 2013 PM10 AQI for Auckland ambient air quality sites (DEFRA method
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5.0 Recommendations for Auckland 
Internationally, AQI are regarded as best practice for reporting ambient air quality data to the 
public (Van den Elshout, 2014). A commitment to reporting a meaningful AQI to the public will 
assist Auckland to achieve the ‘world’s most liveable city’ vision, and deliver on objectives and 
strategies outlined in the Auckland Plan and PAUP (Auckland Council, 2013A,B).  

Current reporting of ambient air quality data is not sufficient to allow the public to make 
informed decisions on health effects and risks of reduced ambient air quality, due to frequency 
and content of reporting. Reporting a dynamic problem through a static medium is not 
appropriate. A meaningful, real-time AQI, which is easily accessible, represents an agile and 
dynamic solution. 

Providing access to an AQI will potentially allow the public to make changes to their activities 
to both positively impact ambient air quality, and to minimise the risks to their health. 

This report recommends: 

• Auckland Council begin a process to establish an AQI 
• Auckland Council form an interdisciplinary project team (including external parties 

such as NIWA, universities) to begin developing an AQI for Auckland 
• Future air quality strategy should include a means of reporting ambient air quality 

using an AQI to augment existing activities 
• Report AQI in an easily understandable manner, suitable for public use 
• Health effect based AQI is recommended as tools are already in place for tracking 

progress around NES-AQ compliance 
• Make AQI information available through Auckland Council websites and on a 

smartphone app 
• Consider a ‘tool’ approach – e.g. the final AQI has meaning nationally, and can be 

used by other regional councils, with a view to a national AQI. Potentially funded by 
Envirolink 

• Investigate whether a national AQI could be endorsed by MfE, and centrally reported 
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7.0 Glossary 

List of Abbreviations  
 
AP   Auckland Plan 
AQI   Air Quality Index 
AAAQS   Ambient Air Quality Standards  
AC   Auckland Council 
BAM   Beta particle attenuation monitor 
CO   carbon monoxide 
EPI   Environmental Performance indicators 
MfE   Ministry for the Environment 
NAAQS   National Ambient Air Quality Standards 
NES   New Zealand National Environmental Standard 
NES-AQ  National Environmental Standards for Air Quality 
NOX   nitrogen oxides 
NO2   nitrogen dioxide 
NSW   New South Wales 
PAUP   Proposed Auckland Unitary Plan 
PSI   Pollutant Standard Index 
PM   particulate matter 
PM10    particulate matter less than 10 microns 
PM2.5    particulate matter less than 2.5 microns 
O3   ozone 
RAQT   Auckland Regional Air Quality Target 
RMA   Resource Management Act (1991) 
SO2   sulphur dioxide 
UK   United Kingdom 
USA   United States of America 
USEPA   United States Environment Protection Agency 
VIC   Victoria (Australian state) 
WHO   World Health Organisation 
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