Auckland &%
Council |_"_

An Air Quality Index for Auckland:

Review of Some International Techniques and
Example Data

July 2014 Technical Report 2014/031

Auckland Council
Technical Report 2014/031
ISSN 2230-4525 (Print)
ISSN 2230-4533 (Online)

ISBN 978-1-927216-12-5 (Print)
ISBN 978-1-927216-13-2 (PDF)






This report has been peer reviewed by the Peer Review Panel

Submitted for review on 4 April 2014
Review completed on 1 July 2014

Reviewed by two reviewers

Approved for Auckland Council publication by:

Name: Regan Solomon

Position: Manager, Research, Investigations and Monitoring Unit

Date: 1 July 2014

Recommended citation:

Reid, N and Rolfe, K (2014). An air quality index for Auckland: review of some international
techniques and example data

© 2014 Auckland Council

This publication is provided strictly subject to Auckland Council’'s copyright and other intellectual property rights (if any) in
the publication. Users of the publication may only access, reproduce and use the publication, in a secure digital medium
or hard copy, for responsible genuine non-commercial purposes relating to personal, public service or educational
purposes, provided that the publication is only ever accurately reproduced and proper attribution of its source, publication
date and authorship is attached to any use or reproduction. This publication must not be used in any way for any
commercial purpose without the prior written consent of Auckland Council. Auckland Council does not give any warranty
whatsoever, including without limitation, as to the availability, accuracy, completeness, currency or reliability of the
information or data (including third party data) made available via the publication and expressly disclaim (to the maximum
extent permitted in law) all liability for any damage or loss resulting from your use of, or reliance on the publication or the
information and data provided via the publication. The publication, information, and data contained within it are provided
on an "as is" basis.



An Air Quality Index for Auckland:
Review of Some International Techniques and
Example Data

Nick Reid
Research, Investigations and Monitoring Unit
Auckland Council

Kevin Rolfe
Kevin Rolfe and Associates



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:

e Summarise various AQI globally and briefly asses their strengths
e Summarise benefits of an AQI

o Present example AQI for Auckland using 2013 monitoring data

e 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
guestion. 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:

e Summarise various AQI globally and briefly asses their strengths
e Summarise benefits of an AQI

e Present example AQI for Auckland using 2013 monitoring data

e Present recommendations for establishing an AQI in Auckland

An air quality index for Auckland 10



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
guality. 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 AQIl. 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
guality, 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.

An air quality index for Auckland 13



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 PM, s and accordingly altered the bands
for PM,s. This reflects international concern around the health effects of PM,s (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 functionof 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:

I, 1
[ = ——==—(C,-BP, )+ 1.
P BP,-BP_ °

o

Where:

[, =  theindex for pollutant p

C, = the rounded concentration of pollutant p
BPyi = the breakpoint that is < C,

BP., = the breakpoint that is = C,

i = the AQI value corresponding to BPy;

lb= the AQI value corresponding to BP,,
(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).

This Breakpoint... ...equal this AQI | ...and this
category

o3 (ppm) | O3z (ppm)| PMyg PMa s CO |SO; (ppm)| NO; AQl

8-hour | 1-hourt | (ug/m®) | (Mgim®) (ppm) (ppm)

0.000 - - 0-54 | 0.0-154 |0.0-44 | 0.000- S 0-50 Good
0.059 0.034

0.060 - - 55- | 155-404 (45-94| 0.035- @) 51-100 Moderate
0.075 154 0.144

0.076- | 0.125- | 155- |40.5-654| 9.5- 0.145 - ) |101-150 Unhealthy for
0.095 0.164 254 124 0.224 Sensitive Groups
0.096- | 0.165- | 255- 65.5 - 12.5- 0.225 - ) |151-200 Unhealthy

0.115 0.204 354 150.4 154 0.304

0.116- | 0.205- | 355- 150.5 - 15.5 - 0.305- [0.65-|201-300| Veryunhealthy
0.374 0.404 424 250.4 304 0.604 1.24

(0.155 -
0.404)*
8] 0.405- | 425- 250.5- 30.5- 0.605- [1.25-| 301-400 Hazardous
0.504 504 350.4 404 0.804 1.64
(3) 0.505- | 505 - 350.5 - 40.5 - 0.805- |1.65-|401-500
Hazardous

0.604 804 500.4 50.4 1.004 | 2.04

" Areas are required to report the AQI based on 8-hour ozone values. However, there are areas where an AQI
based on 1-hour ozone values would be more protective. In these cases the index for both the 8-hour and the
1-hour ozone values may be calculated and the maximum AQI reported.

2 NO, has no short-term NAAQS and can generate an AQI only above a value of 200.

* 8-hour O values do not define higher AQI values (= 301). AQI values of 301 or higher are calculated with 1-
hour O; concentrations.

* The numbers in parentheses are associated 1-hour values to be used in this overlapping category only.

Figure 1 USEPA AQI breakpoints (from Mintz, 2009)

Suppose a site records a 24hr average PM;, value of 70 ug/m?, then the equation to calculate
the AQI is:

100 — 51

AQI
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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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Air Quality
Index Numerical
Levels of value
Health
Concern
Moderate 51 to 100

Unhealthy for
Sensitive
Groups

m e

Very
Unhealthy 201 to 300

Figure 2 USEPA
AQI classes and
) meanings
Meaning (Johnson, 2003;
USEPA, 2009A;
2009B)

Air quality is acceptable; however, for
some pollutants there may be a moderate
health concern for a very small number of
people who are unusually sensitive to air
pollution.

Members of sensitive groups may
experience health effects. The general
public is not likely to be affected.

Everyone may begin to experence health
effects; members of sensitive groups may
expenence more serous health effects.

Health wamings of emergency conditions.
The entire population is more likely to be
affected.

Health alert: everyone may expenence
more serious health effects

An air quality index for Auckland
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Figure 3 USEPA AQI for Wednesday 27" 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 (NO,), ozone
(O3), and particulate matter (PM,). Each of these pollutants has specific health effects, they
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also provide useful proxies for pollutants not included in the AQHI, such as PM,,, 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:

10
AQHI — o7 X (100 X (6(0'000871 XN) __ 1+ e(0.000537 xX0) __ 1+ e(0.000487><PM) _ 1))

Where:

AQHI = the AQHI value

N = nitrogen dioxide (ppb)
O = Ozone (ppb)

PM= PM,s (ug/m®
(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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506 7 8 9 10 +
Moderate High Yery High
(1-3) (4-6) (7-10) { Above 10)
Health Air Quality Health Messages
Rizk Health Index
At Risk Population® General Population
Low 1-3 E“’.D.F. your usual outdoor Ideal air quality for outdoor activities.
activities.
Consider reducing or Ho need to modify your usual outdoor
Moderat 4.6 rescheduling strenuous activities activities unless you experience
erate ) outdoors if you are experiencing symptoms such as coughing and throat
symptoms. irmitation.
Reduce or reschedule strenuous Ct?ns ider reil.u;mg ortdrees Ehf;rdu"ng
High 7-10 activities outdoors. Children and zxsgﬁg:seﬂ;;;.;ﬁnf: sf;sas zgzghing
the elderly should also take it easy. and throat irritation.
Avoid strenuous activities Reduce or reschedule strenuous
v Hiah Above outdoors. Children and the elderly |activities outdoors, especially if you
ery Hig 10 should also avoid outdoor physical |experience symptoms such as coughing
exertion. and throat irritation.

Figure 4 Canada AQHI codes and health messages (Hasselback and Taylor, 2010)

Metro Vancouver - NW - Air Quality Health Index

| Current Past 24 hr
Observed at: 5:00 PM PST Wednesday 26 February 2014
Lo NN N
| 1 | 2 3 4 5 6 7 8 9 10 +
Low Risk Moderate Risk High Risk Very
(1-3) (4-6) (7-10) High

At-Risk Population:

* Enjoy your usual outdoor activities.

General Population:

+ Eind out if you are at risk

» Ideal air quality for outdoor activities.

Forecast Maximums

Issued at: 5:00 PM PST Wednesday 26 February 2014

Wednesday night

Thursday

3 - Low Risk I

3 - Low Risk I

Health Message

4«

Who is at risk?

People with heart and lung conditions are most

affected by air pollution.

Did you know...?

To find out if you are at risk, consult the health
quide, your physician, or your local health

authority.

Visit the pational AQHI Web site to learn more

about the AQHI.

Even healthy people can have difficulty breathing
on days when the index is high.

Figure 5 Canada AQHI for
Metro Vancouver
(27/02/2014) (Source
http://weather.gc.ca/airqual

ity/pages/bcag-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 (Os3), nitrogen dioxide (NO,), carbon monoxide
(CO), sulphur dioxide (SO,), particulates (either PM;, or PM,s) and visibility (as Bs). The
NSW AQI is calculated using this formula:

Pollutant concentration

AQl = x 100
Q Standard

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 PM,, value of 60 ug/m>. The AQI calculation is therefore:

A 1—60><1oo—120
Q‘so N

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

Category

Very good air quality

Good air quality

Fair air quality 67-99

Very poor air quality 150 or greater

Poor air quality 100149

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)

N
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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.
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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 (Os) nitrogen dioxide
(NO,), carbon monoxide (CO), sulphur dioxide (SO,), PM;q and PM,s. 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):

Nitrogen Dioxide

Based on the hourly mean concentration.

Moderate | Moderate | Moderate |

201-267 |268—334 ‘335—400

Ozone

Based on the running 8-hourly mean.

Moderate | Moderate | Moderate |
101-120 |121—140 ‘141—160

Sulphur Dioxide

Based on the 15-minute mean concentration.

Moderate [Moderate Moderate
267-354 ‘355—443 ‘444~532

PM5 5 Particles

Based on the daily mean concentration for historical data, latest 24 hour running mean for the current
day.

Index 1 2 3 8 9 10

Band Moderate |Moderate Moderate High High | Wery High
YLoEN 0-11 |12 23 | 36-41 |a2-47 48-53 59-64 65-70 71 or more

PM g Particles

Based on the daily mean concentration for historical data, latest 24 hour running mean for the current
day.

Moderate | Moderate | Moderate |
51-58 ‘ 59-66 ‘ 67-75

Figure 8 DAQI Classes and breakpoints for target pollutants http://uk-
air.defra.gov.uk/air-pollution/daqi
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DEFRA reports the DAQI online (figure 9), and also forecasts ambient air quality as the DAQI.

UK-AIR latest data: 27 /02/2014 Summar'_.r
Summary from 120 monitoring sites

Click a coloured area on the map to view information for a
k. specific region. The results are based on the maximum air
quality index measured across all stations in each region.
For the current day the map is based on the most recent
measurements. For historical days it displays the daily
maximum air quality index.

The following summary shows you how many automatic
monitoring sites from the AURN are currently in each health
banding.

Monitoring site summary at 27/02/2014 20:00

Low: - Moderate: O m Very High: 0

No Data: 10

Air pollution forecasts

» lUse the Forecasting section of UK-AIR to view detailed air
pollution forecasts for the UK.

W Follow UK-AIR on Twitter | RSS Air Pollution Forecast

Air pollution alerts

« Previous Day

Use Custom Date ¥ There are currently no air pollution alerts issued. This page

a will update with information about alerts when issued.
£ Download DAQI regional data

Index Bands

1 B + 5 1o EEIET
Low Moderate High Very High

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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Health . i Multiple Number | Currentl Applicable
Compliance Calculation ultip u u y pph
AQI effects based pollutants of reported for
based Difficulty used? bands on line Auckland?
USEPA A;crlbes Yes, NAAQS . Highest
AQI risk to standards Simple AQI 6 Yes Yes
bands based reported
No — no
. Auckland
ves, splits No, purel Council sites
Canada | population - purely . Yes, NOg,
. health effects Medium 11 Yes measure the
AQHI into 2 O3 PM2s "
rOUDS based required
group combination
of pollutants
NSW / Ascribes Yes, NEPM Highest
Victoria risk to standards Simple AQI 6 Yes Yes
AQI bands based reported
Yes, bands .
were No calculation —
No, purely bands are Highest
DEFRA | developed
velop health effects based on AQI 10 Yes Yes
DAQI based on .
based ambient reported
health .
concentrations
effects
Key strengths Key weaknesses
e Proven technigue with long history of e  Fiddly calculation
USEPA use
AQI e Simple outputs
e Backed by USEPA
e Reports highest pollutant result as
AQI
Canada e Strong basis in health effects e Requires specific pollutants at sites for
AQHI e High resolution scale calculation
NSW / e Simple outputs e Lower resolution scale
Victoria
AQI
DEERA e High resolution scale e Higher resolution potentially confusing for
DAQI e Health effects based public

e No calculation — based on
classification of concentration
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4.0 An AQI for Auckland — example data

This section presents 2013 PMy, 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 PM,q for 2013. PM,o 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 28", 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.
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Figure 10 2013 PMy, AQI for Auckland ambient air quality sites (NSW/Victoria method)
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Figure 11 2013 PM3, AQI for Auckland ambient air quality sites (DEFRA method)
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Khyber Pass PM;q NSW/Victoria AQI 2013
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Figure 12 2013 PMy, AQI for Khyber Pass ambient air quality site (NSW / Victoria
method)
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Khyber Pass PM,, DEFRA AQI 2013
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Figure 13 2013 PM;, 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
PM3, 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 PM,,, 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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50 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

o Future air quality strategy should include a means of reporting ambient air quality
using an AQI to augment existing activities

e Report AQI in an easily understandable manner, suitable for public use

o Health effect based AQI is recommended as tools are already in place for tracking
progress around NES-AQ compliance

e Make AQI information available through Auckland Council websites and on a
smartphone app

e 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
AQI
AAAQS
AC
BAM
co
EPI
MfE
NAAQS
NES
NES-AQ
NO
NO,
NSW
PAUP
PSI
PM
PMyo
PM;s
Os
RAQT
RMA
SO,
UK
USA
USEPA
vIC
WHO

Auckland Plan
Air Quality Index
Ambient Air Quality Standards
Auckland Council
Beta patrticle attenuation monitor
carbon monoxide
Environmental Performance indicators
Ministry for the Environment
National Ambient Air Quality Standards
New Zealand National Environmental Standard
National Environmental Standards for Air Quality
nitrogen oxides
nitrogen dioxide
New South Wales
Proposed Auckland Unitary Plan
Pollutant Standard Index
particulate matter
particulate matter less than 10 microns
particulate matter less than 2.5 microns
ozone
Auckland Regional Air Quality Target
Resource Management Act (1991)
sulphur dioxide
United Kingdom
United States of America

United States Environment Protection Agency

Victoria (Australian state)
World Health Organisation
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