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Innovative Solutions for a Deadly Problem

Air pollution continues to be the deadliest global
environmental health risk, causing nearly 5 million
deaths each year, mainly from exposure to fine par-
ticles (PM,,). The burden of air pollution is greatest
and increasing in countries with rapid economic
development and urbanization, along with a prolifer-
ation of emissions from industry, electric power gen-
eration, and motorized transport. In countries with
limited or no air quality regulation, this causes steep
increases in harmful pollution. Compounding the air
pollution challenge in many of these countries is the
persistence of pre-industrial pollution sources such
as burning of household solid fuels, crop waste and
forests for land clearing as well as open trash burn-
ing. The global air pollution crisis is closely linked to
rapidly worsening impacts of climate change that will
continue to grow without rapid and aggressive action
to reduce climate forcing pollutant emissions.

For many city governments in many low- and mid-
dle-income countries, the complexity and cost of
understanding and controlling air pollution have been
barriers to initiating or sustaining effective clean
air action. Limited national policies on air pollution
also create a void of guidance. A new approach in
air quality management that combines conventional
solutions with innovations in monitoring, assessment,
data use, and organization can accelerate clean air
action, especially in cities with presently limited
technical capacity. Decades of progress in high in-
come countries have shown that government action
can reduce air pollution even as economies and
populations grow. In combination with innovative
solutions, the investments and strategies developed
in wealthy countries to scale up efficiency, cleaner
fuels, and emission control technology for vehicles,
electricity generation, buildings, and industry can
now be leveraged cost-effectively for deployment in
low- and middle-income countries.

This document—Accelerating City Progress on
Clean Air: Innovation and Action Guide—provides
a comprehensive framework for understanding and
deploying innovation and partnership models that in-
form, evaluate, and build sustained support for local,
regional, and national clean air measures.

This guide, produced by Vital Strategies staff and
other experts on air quality management, is mainly
intended for government officials, technical partners
and other stakeholders in cities and metropolitan
areas with limited local air quality management ca-
pacity and with levels of air pollutants that are well in
excess of health-based standards and/or increasing
steadily. It is also relevant to similar audiences at
state/provincial and national levels seeking to accel-
erate clean air actions. It describes how to build on
past successes and deploy recent innovations and
partnership models to reduce the complexity and
cost of obtaining and using data to inform, imple-
ment, evaluate and build support for sustained clean
air actions.

A New Approach to Air Quality Management

The guide lays out a new approach to accelerate
clean air progress in cities within low- and mid-
dle-income countries. It recognizes air pollution
as a massive public health crisis with unique, but
solvable challenges faced by urban areas in low- and
middle-income countries with limited air quality
management capacity.

Each of the four main sections of the guide (ambi-
ent air quality monitoring; assessing emissions and
sources; data availability, accessibility, and use; and
organization for action) aims to answer questions
about each component’s key role in urban air quality
management and to lay out a pragmatic, phased ap-
proach to launching and building clean air activities,
with methods and activities suited to local capacity.

¢ In the three technical sections, local capacity is

classified into four phases:

1. Limited or none

2. Basic—sufficient to support initial actions

3. Comprehensive—able to support sustained
actions

4. Advanced—exceeding capacity of many cities
in high-income countries

» The guide provides visual keys to indicate content
that is most relevant to a city based on its current
capacity to manage air quality, as well as its plans
to augment them in the near term.



Executive Summary

Innovations to promote clean air action: Overall framework
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 Eight city case studies provide applied examples
of how cities around the world at various stages of
air quality technical capacity and political com-
mitment took actions to control important sourc-
es or develop actionable data.

Ambient Air Quality Monitoring

This chapter reviews the strengths and limitations
of both conventional and innovative monitoring
approaches—including satellite remote sensing,
advance surface monitoring, and hyperlocal moni-
toring—while aligning each approach with its appro-
priate monitoring capacity phases.

Objectives by local capacity phase:

Phase 1: Establish the need and plan for official
monitoring, especially for PM,¢

Phase 2: Establish and maintain official PM,, moni-
toring, and plan for monitoring enhancements
Phase 3: Monitor PM, composition and additional
pollutants, increase monitor coverage

Phase 4: Enhance spatial resolution within the urban
area with an advanced, integrated system

Innovations in monitoring technology, remote sens-
ing and modeling can provide actionable air pollution
data more rapidly and at lower cost than convention-
al regulatory monitoring approaches. However, the

Implement feasible control
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Enhance ambient monitoring
and emissions data

Improve data access

Enforce, coordinate and
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Near-Term

Long-term

Implement further local
emission reductions

Cleaner
Air

Deploy emerging
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regional cooperation for
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Advocate for national
clean air policies

explosion in new monitoring approaches, products
and data also has the potential to increase complex-
ity and costs, create confusion among the general
public, and make it more difficult for governments
and citizens to build a shared understanding of a
city’s air pollution problem and how to address it.
A stepwise approach to prioritizing innovations to
strengthening air quality monitoring can help reduce
complexity and avoid monitoring pitfalls, combining
conventional regulatory monitoring approaches
with innovations. A combination of monitoring ap-
proaches can inform a robust air quality management
program, support the needs of local, regional, and
national air quality management, and provide data for
research and public information.

Assessing Emissions and Sources

This chapter provides guidance for applying dif-
ferent emissions and source assessment data and
approaches in phases tailored to a city’s baseline
capacity. Thorough understanding of emissions and
sources contributing to air pollution in a city is cen-
tral to identifying appropriate control measures for
the local context.

Objectives by local capacity phase:
Phase 1: Identify, assess, and use available data and
tools




Phase 2: Establish an official emissions tracking and
source assessment process, and develop proce-
dures for data use

Phase 3: Sustain routine collection, improvement
and use of emissions and source data

Phase 4: Build advanced, highly space- and time-re-
solved emissions, source and forecasting capability

Innovative application of both source-based and
receptor-based approaches to characterize leading
sources of pollution allows assessors to identify
consistencies and discrepancies in the data and pro-
vides a strong foundation for strategic clean air inter-
ventions. As technical capacity and data availability
grows, all cities can apply innovations and refine data
to inform sustained improvements in air quality.

Data Availability, Accessibility, and Use

This chapter describes the role of open, accessible
data in building support for clean air action, promot-
ing utilization by technical and non-technical users,
and informing clean air policy. A phased approach to
the creation and application of open and accessible
data is also explored here.

Objectives by local capacity phase:

Phase 1: Government commitment to collecting and
sharing official air quality data

Phase 2: Routine communication, increased access
and developing interoperability of relevant air
quality data

Phase 3: Expanded access, integration and commu-
nication of air quality data

Phase 4: Developing an advanced, integrated air
quality data system

Innovative solutions to common technical, social,
political, and financial barriers to a publicly acces-
sible air quality data system are presented in this
chapter along with examples of successful data shar-
ing platforms that cities may use as a model. Through
building an advanced, open air quality ecosystem,
all cities can maximize the utility of reliable data for
both official and nonofficial end users.

Organization for Action

This chapter explores the role and requirements of
government executive leadership in coordinating
the development and implementation of effective
air quality management. The achievement of four
critical goals are central to building and sustaining
government commitment:

1. Identify and champion political leadership;

2. Secure and sustain political commitment;

3. Assess technical capacity within government
agencies and build capacity with partnerships;
and

4. Build and engage a public constituency for ongo-
ing clean air action.

Innovative partnerships among government entities,
technical experts, civil society, the private sector,
and others are central to accelerating clean air action
in all cities, especially those in low- and middle-in-
come settings. Moreover, translating the technical
tools described in this guide into effective, rapid, and
sustained progress requires political leadership and
a government commitment to advance the right to
clean air as well as effective and sustained organiza-
tion, partnerships, planning and implementation.
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Accelerating City Progress on Clean Air

Accelerating urban clean air progress
in low- and middle-income countries

1.1The Problem: Air pollution is the deadliest global environmental
health risk

Air pollution is the fifth leading mortality risk factor globally, causing nearly 5 million
annual deaths, most from exposure to fine particles (PM,.)? in outdoor and indoor
air. (1) More than 90% of the world’s population lives where air quality does not meet
health-based guidelines (2).

In the most polluted regions of Asia and Africa, outdoor annual average PM, . con-
centrations are several times above health-based standards (3) and pollution levels
and deaths from air pollution are rising or not decreasing (Figure 1a & Figure 1b). In
low- and middle-income countries, rapid economic development, urbanization and
proliferation of emissions from industry, electric power generation and motorized
transport in countries with limited or no air quality regulation (4) have caused steep
increases in harmful pollution (Figure 1c). During the 20t century in many higher-in-
come countries, these same sources grew and were eventually controlled (5,6) by
modern air quality management practices. Compounding the air pollution challenge

o

PM, s refers to airborne

et e T Al in many low-and middle-income countries is the persistence of pre-industrial pollu-
microns insizev V_Vhichh tion sources such as inefficient burning of crop waste, solid fuels used in households,
penetrate deep into the . . ,
lungs forests for land clearing and trash in open fires (7-10).

Figurela & 1b

Average annual ambient PM, ; & age-standardized annual mortality rates
attributable ambient PM,, by region, 1995-2017
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Ambient PM,; concentrations are population-weighted estimates from remote sensing-based models that combine data from ground air pollution monitoring stations, satellite
observations, and global chemical transport models. Mortality attributable to PM,; is estimated from ambient PM, s concentrations, cause-specific mortality rates, and estimates of
exposure-mortality relationships based on global peer-reviewed studies. Source: State of Global Air, available at https://www.stateofglobalair.org
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Figure 1c
Percent change in urban population, vehicles in use and
coal-fired power generation, 2005-2018
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Sources: 2018 Revision of World Urbanization Prospects, available at https://
population.un.org/wup/; Organisation Internationale des Constructeurs
d’Automobiles (OICA) Vehicles In Use, available at http://www.oica.net/category/
vehicles-in-use/; International Energy Agency (IEA) Statistics on Electricity
Generation By Fuel, available at https://www.iea.org/.

Figure 1d

Percent increase in risk of mortality from noncommunicable diseases
or lower respiratory tract infection related to annual average PM,
concentration

WHO Health-Based Air Quality Guideline
and Interim Target (IT) Levels
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Risk function based on data from 41 cohort studies in 16 countries, assuming minimum risk (0%
increase at annual average PM,; concentration of 2.4 pg/m3, the lowest observed concentration
across all studies), charted for age 60-64 for illustration. For comparison, the World Health Orga-
nization’s health-based guidance level of PM,; 10 pg/m3 annual average and interim target values
of 15,25 and 35 pg/m3. The shape of the risk function is similar for other age groups and implies
a global burden of mortality from ambient PM, s exposure of 8.9 million, nearly twice as large as
estimated for the Global Burden of Disease. Source: Adapted from Burnett, 2018 (14).

Growing and aging global populations and
rising prevalence of noncommunicable dis-
ease are increasing the population with health
conditions that increase susceptibility to
serious illness and death from air pollution,
even when pollution levels remain constant or
slowly improve (8,11,12). The risk of death from
air pollution increases continuously at levels
of PM,. above the lowest observed urban
concentrations even at concentrations below
World Health Organization (WHO) Air Quality
Guidelines (i.e., 10 micrograms per cubic me-
ter (ug/m?)(13,14). Therefore, all substantial
air quality improvements bring sizable health
benefits (Figure 1d). The global public health
burden from air pollution has been extensive-
ly documented in publications and online web
platforms (refer to Annex 1).

The global air pollution crisis is closely linked
to rapidly accelerating climate change, which
will continue without rapid and aggressive
action to reduce climate-forcing pollutant
emissions (e.g. of greenhouse gases such as
CO,) (15). Climate pollutants and air pollutants
harmful to local populations have many of the
same sources, solutions and regulatory frame-
works, and controlling them requires the same
types of expertise and capacity. In addition,
two short-lived climate pollutants—black car-
bon (a component of PM, ) and methane—also
contribute directly to poor local air quality.

Actions are urgently needed to combat these
linked threats, but global clean air and climate
action has been uneven, slow and not fully
informed by knowledge of what works. More
coherent, coordinated and effective climate
change mitigation actions are possible with
strong linkages of clean air (5,16-19) and cli-
mate policies, technical capacity and civil
society mobilization.

b Climate forcing pollutants can contribute to both warming and
cooling of the earth’s climate (https://www.ipcc.ch/site/assets/
uploads/2018/02/WG1AR5_Chapter08_FINAL.pdfl. In general,
measures to reduce inefficient fuel combustion will reduce air
pollutants harmful to people and the pollutants like CO? and
black carbon that contribute to warming. A notable exception
is the use of scrubbers to remove sulfur oxide emissions and
sulfate particles but not CO? produced from coal combustion.

1
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The Opportunity:
Proven solutions plus innovations can accelerate progress

Decades of progressin high-income countries have shown that government action
can reduce air pollution even as economies and populations grow (20-23). These
clean air successes were enabled by a wealth of scientific research, conventional
and innovative technologies, and effective policy solutions that can be applied by
governments today to reverse worsening air pollution and accelerate global clean
air progress (Table 1e). This includes knowledge of the health effects of air pollution,
biologic mechanisms, and exposure-response relationships for major pollutants. In
addition, approaches for air pollution monitoring, exposure assessment, emissions
estimation and atmospheric modeling have been developed, refined, evaluated and
substantially reduced in cost (24-26). Finally, investments by wealthy countries to
scale efficiency, cleaner fuels and emission control technology for vehicles, elec-
tricity generation, buildings and industry, can now be leveraged cost-effectively for
deployment in low- and middle-income countries.

Table 1e
Proven solutions for major sectors

Regional gaps and

Major Sources Proven, scalable solutions opportunities examples Benefit examples

Household solid
fuel combustion

Expanding access,
affordability and use of

Household solid fuel use ¢ China: Beijing-Tianjin-Hebei region,
remains common in: expanded implementation of clean

for cooking clean household fuels (e.g. * Sub-Saharan Africa fuel plan by 2030 could reduce
and heating LPG) and technologies (> % of households) household + outdoor air pollution
(e.g. electric induction « South, Southeast and East deaths by 1/3
cookstoves) Asia (030% of households) « India: Universal CHE access and use
has potential to reduce national
average PM, to India standard
Industry Transboundary pollution Industry and electric  Europe: SO,, particulate sulfate, NO,
and electric control conventions and power generation are and PM,, reductions of 92%, 65%,
power rules, mandated emission major sources in: 40% and 31%, respectively

reductions and use of best

12

Vehicle emissions

available emission control
technology, plus cap and
trade or other market

mechanisms . Cleaner energy

sources (e.g. natural gas,
wind, solar, hydro replacing
coal), more efficient energy
use.

Vehicle emission, fuel
economy and fuel quality
standards

Sources shown are not exhaustive but illustrative of sources
that have been dramatically reduced with proven, regulatory
or market approaches, scalable technologies or fuel chang-
es. Sources: Air pollution trend in the EMEP region between
1990 and 2012, available at http://unece.org. History of the
Air District, available at http://www.baagmd.gov. Timeline of
Major Accomplishments in Transportation, Air Pollution, and
Climate Change, available at https://www.epa.gov/.

* China: more than 1/3 of « United States: Cumulatively SO,

ambient PM,¢ in 2013

Southeast Asia: under
construction and planned
coal-fired power plants
could cause PM,, SO, and
NOXx emissions to increase
2.5-3 fold by 2030

Europe:nearly4in5
deaths from traffic-related
air pollution were due to
excess NO, emissions
from diesel engines.

Asia and Africa: vehicle
fleets grew >80 % from
2005-15. Many countries
lack world-class emission
and fuel standards.

reduced by more than 85% compared
to0 1995 levels and NOx by more

than 80% compared to 1990 levels
and ambient particulate sulfate
concentration reduced >70% from
1989-91to 2014-16.

» United States: Cumulatively 99%
reduction in emissions of PM, NO,,
CO and hydrocarbon compared to
1970 vehicles.

¢ California: 1993-2011 - 54% less NO,
emissions. Increased children’s lung
function growth and decreased
symptoms.
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¢ Urban airsheds are metropoli-

tan areas and other contiguous,

highly urbanized geographic
areas where weather, topogra-
phy and economic and policy
linkages of major emission
sectors contribute to causes
and potential solutions of poor
air quality.

The formal air quality management (AQM) approaches applied in North America and
Europe in the second half of the 20™ century focused on setting national ambient
air quality standards. Progress toward achieving these standards required actions
aligned across geographic levels by state, regional, urban airshed® and city organiza-
tions, addressing both local pollution sources and those that come from other areas.
(18, 27, 28, 29, 30) A range of pollution control strategies have been used, including:
performance standards for sources like vehicles; emissions cap and trade and other
market mechanisms; banning the most polluting building fuels; and, more recently,
low emission zones for vehicles (17, 18, 31-33). The technical capacity needed to im-
plement the formal national AQM efforts used in high-income countries is beyond
what is currently available in many low- and middle-income countries and cities
within them. Because of that, one AQM approach in particular, requiring “best avail-
able control technology,” (BACT) has been recognized as a pragmatic way for low-
and middle-income countries to speed near-term progress (34). BACT standards
for major sources can be enacted quickly while capacity is built for an eventual
comprehensive air quality management system that relies on intensive monitoring,
modeling and strategy development to attain ambient air quality standards.

Thus, rapid and sustained urban clean air progress involves city, regional and national
governments playing complementary roles, using multiple strategies, and combining
feasible, scalable near-term actions with longer-term plans and data improvement.
Cities can act to control local emissions while shaping and contributing to regional
and national clean air policies.
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Audience for this guide

This guide is mainly intended for government officials, technical partners and
other stakeholders in cities and metropolitan areas with limited local air quality
management capacity and with levels of air pollutants that are well in excess of
health-based standards and/or increasing steadily. It is also relevant to similar
audiences at state/provincial and national levels seeking to accelerate clean air
actions. It describes how to build on past successes and deploy recent innovations
and partnership models to reduce the complexity and cost of obtaining and using
datato inform,implement, evaluate and build support for sustained clean air actions.

14
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Overview of this guide

This guide covers four aspects of clean air action: air quality monitoring; assessing
emissions and sources; data accessibility and use; and government organization
for action, and aims to answer practical questions about each topic (Figure 1f).

Innovations in air pollution monitoring, including low-cost sensors, have received a
good deal of attention, but monitoring is only one aspect of air quality management.
This guide also considers how available data and innovations in assessing air pollu-
tion emissions and sources can be used to inform clean air action plans, even in the
absence of robust monitoring networks. The guide also addresses the importance of
data availability, accessibility and use to inform and evaluate control measures and
build public support for clean air actions. Finally, the guide addresses the need for
commitment at executive levels of government and leadership to organize and co-
ordinate multiple agencies, partners and stakeholders and build capacity for action.

Each of the technical chapters, 2-4, lays out a pragmatic, phased approach to launch-
ing and building clean air activities and describes approaches and activities suited
to local capacity. This local capacity is classified into four phases: 1) Limited or none;
2) Basic, sufficient to support initial actions; 3) Comprehensive, able to support sus-
tained actions; and 4) Advanced, exceeding capacity of many cities in high-income
countries. Within a city, capacity may be more developed in some areas than others.

Figure 1f
Innovations to Promote Clean Air Action: Overall Framework

Implement feasible control
of leading local sources

Enhance ambient monitoring
and emissions data

Improve
Instruments, local emissions Improve data access
remote sensing, data, novel Eifieren, cenriEe am
and moc.jels. approaches build capacity
for monitoring to source
air quality apportionment N
ear-Term
Clean Air Innovations CIeAai?er
Processes and Leadership and "
platforms to coordination among Long term

standardize agencies and
and share official technical partners emission reductions
and non-official  to set priorities

ambient air for local action Deploy emerging
quality data technology

Implement further local

Develop and implement
regional cooperation for
source control

Advocate for national
clean air policies

Depicted are four innovation domains considered in this guide: Ambient air monitoring (chapter 2); emissions and source assessment (chapter 3); data availability, accessibility and
use (chapter 4); and organizing for action (chapter 5). Using innovations and conventional approaches across these domains, governments and partners in cities and other urban
jurisdictions can obtain and apply actionable data, begin control of major local pollution sources in the near term, while improving monitoring and source data, building capacity,
advancing additional local, regional and national clean air policies for sustained air quality improvements.

15



Accelerating City Progress on Clean Air

Each technical chapter

« Provides a brief overview of the topic;

» Describes phases that classify current capacity;

« Summarizes basic concepts about the topic; and

» Proposes implementation objectives and approaches suitable to each capacity phase.

Where appropriate, more detail on an approach is provided in the chapter and annexes. Several case studies
describing actions taken at city and urban regional levels are included in this guide. Relevant case studies are
referenced within the guide.

This guide not intended to replace available comprehensive air quality management
guidance, e.g. (35). Rather it focuses on:

» How to combine recent innovations with conventional AQM approaches

« How to act in phases starting with steps suitable for highly polluted cities with limited AQM capacity

« Using data to inform near-term, local clean air action while planning and building capacity for sustained
progress

« Distinguishing two roles for cities: taking local action and engaging advocacy and cooperation for regional
and national actions

o Use of partnerships to augment and build government AQM capacity

Non-technical readers of this guide may find it helpful to reference Table 1g, “Essential Facts About Urban Air
Pollution.”

Table 1g

Essential facts about urban air pollution

Despite the complexity of urban air pollution, a basic understanding of the health impacts, causes and
solutions needed can inform effective use of clean air innovations and avoid pitfalls.

Ambient Air Air pollution harms more than the lungs. In addition to worsening asthma and COPD, air pollution causes heart
Monitoring disease, stroke, hypertension and cancers of the lung, larynx and nose and low birth weight.

Chronic exposure to low levels of pollution harm health. Studies show larger cumulative health effects from
long-term exposures than those from short-term exposures. The longer one is exposed to air pollution, the
greater the risk of serious health harm; sustained improvements in air quality lead to improved population
health and life expectancy.

A few well-placed monitors can identify unhealthy urban air quality. PM,, levels far above health-
based standards at one or a few well-placed, high quality monitors or from satellite-based measurements
demonstrate unhealthy air and the need to reduce emissions. More monitors can help identify hot-spots
within a city. Ambient PM, levels tend to rise and fall across an urban area with changes in weather and
increased proximity to sources.

Clear air does not always mean clean air. While air pollution at very high concentrations can form visible haze
and smog, air pollution concentrations high enough to harm health can be present when the sky is blue. Nine
out of ten people worldwide live in places where air quality exceeds World Health Organization (WHO) health-
based guideline limits.

16
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Emissions and
Sources

Organization
for Action

Air Pollution
Data Access

Table 1h

Inefficient combustion from many small sources can add up to a major share of urban pollution. These
include household solid fuels for cooking and heating, diesel generator sets and open burning of trash,
agricultural waste and to clear land. Motor vehicles — especially those powered by diesel, using high-sulfur fuel
or lacking modern emission controls — can be important sources, as can industrial facilities, like brick kilns, steel
mills and electric power facilities — especially those burning coal.

Household and outdoor pollution are related. Emissions from solid fuels used by households for cooking,
heating or hot water are a major source of both indoor and outdoor pollution in many regions. Fine particles
in the outdoor air also penetrate the indoor environment, mixing with pollution from indoor sources, such as
household cooking and environmental tobacco smoke.

Local and regional sources are both important. Air pollution in cities comes from both local sources and from
regional and upwind emissions - sometimes from hundreds of miles away.

Clean air actions are needed within and beyond cities. Cities must reduce emissions within their jurisdiction
while working to advance clean air measures at the state, regional and national level. Moving pollution sources
to city peripheries does not create clean air.

Cleaner air can be achieved in a growing, low-income economy. Decades of investment have driven down
the cost of cleaner energy sources, emission control technologies and energy efficiency. Clean air investments
provide economic benefits -- healthcare savings, longer and more productive lives and improved social and
development outcomes — with benefits that far exceed costs.

Year-round air quality management is necessary for sustained air quality improvements. Crisis response to
air pollution episodes (i.e. seasonal pollution, forest fire pollution) and Air Quality Index (AQI) notifications are
not solutions that sustain air quality improvements. Instead, cities should focus on reducing emission at their
sources throughout the year to decrease chronic exposure to air pollutants and the associated adverse health
effects.

Open and accessible air pollution data provide multiple benefits. Government officials benefit from broader
dissemination of information to the public, increasing trust and bolstering support for clean air policies. Open
data can support access to reliable non-official data and data use for research that feeds back into shaping or
evaluating policy. The public gains knowledge of health risks and exposures by time and place.

Practical questions about urban air quality innovation for action

Ambient
Air Quality
Monitoring

Source and
Emissions
Characterization

Data
Availability and
Accessibility

Organization for
Action

¢ Why is urban air quality monitoring needed to inform clean air action?

¢ What data on air pollution levels are already available to fill gaps in official monitoring?

* What types of information can different types of monitoring innovations provide?

* What are the advantages and disadvantages of different monitoring approaches?

* How can monitoring approaches and innovations be in phases to provide initial actionable data and build
an integrated system of complementary approaches?

* Why is characterization of leading air pollution sources and emissions essential for clean air action
planning?

« What data on sources and emissions influencing air quality are already available?

¢ What information can different source characterization methods provide?

¢ How can innovative and lower-cost approaches be used to improve local air pollution emissions and
source data?

¢ How can different air pollution source assessment methods be used together to evaluate and improve
data?

* How can emissions and source data help identify local “hot spot” areas, inform air pollution monitor
placement and set source control priorities in the near term?

¢ Why should air pollution data be made open and accessible?

* What defines open, accessible air pollution data?

¢ What are barriers to achieving open, accessible data and strategies for overcoming them?

¢ How can reliable air pollution data collected by government and non-governmental institutions be
integrated and organized to inform clean air programs?

¢ How can integrated and open-air pollution data benefit a city’s clean air program, researchers and other
local data users?

* How can air quality data be effectively shared with different stakeholder groups?

¢ How can a city organize to develop, implement and sustain clean air actions?
¢ How can strategic policy analyses be used to inform the planning process?
« What are key elements of successful clean air action plans in both the near term and the long term?




Accelerating City Progress on Clean Air

Ambient Air Quality Monitoring

2.1Introduction: Purposeful, phased use of innovations

Air quality monitoring infrastructure and capacity
vary widely among cities. Decades of investment in
high-income countries in Europe and North America
have established ongoing, high-quality pollution
monitoring in nearly all cities, while thousands of
cities in rapidly developing low- and middle-income
countries lack even a single PM,. monitor (36). Inno-
vations in monitoring technology, remote sensing and
modeling can provide actionable air pollution data
more rapidly and at lower cost than conventional
regulatory monitoring approaches. However, the ex-
plosion in new monitoring approaches, products and
data also has the potential to increase complexity
and costs, create confusion among the general pub-
lic, and make it more difficult for governments and
citizens to build a shared understanding of a city’s air
pollution problem and how to address it.

A phased approach to prioritizing innovations to
strengthening air quality monitoring can help reduce
complexity and avoid monitoring pitfalls, combining
conventional regulatory monitoring approaches with
innovations. Each local situation is unique and there

Table 2a
Ambient air quality monitoring — capacity phases

Limited or none

No sustained official
reference PM,; monitoring
in place

Basic monitoring to
support initial actions

At least one official
reference PM,s monitor
in place with ongoing
data collection and use
(at a minimum for public
information)

is no “one size fits all” approach to air pollution mon-
itoring, but a phased approach is recommended to
ensure that:

« Monitoring is planned to address specific moni-
toring goals, questions and data needs.

« The monitoring approaches chosen at each phase
are compatible with resources and technical ca-
pacity to deploy and maintain equipment and to
manage, analyze and use the data being collected.

e Incremental enhancements help build an inte-
grated system of complementary monitoring ap-
proaches.

o Governments can make realistic commitments to
provide funding, build capacity, sustain air quality
monitoring, share air quality data and take mean-
ingful, data-driven actions to control air pollution.

Phases of monitoring capacity described in this
chapter are shown in table 2a below. For a given
phase, numbered icons through the chapter point to
the most relevant chapter content.

Comprehensive
monitoring for
sustained actions

Advanced integrated
system

A network of several
reference PM, s monitors,

at least one advanced
monitoring station collecting
PM, sampled for chemical
composition and to measure
gaseous pollutants. Data
have been used in policy
development.

Phase 3 monitoring, plus
periodic high-spatial--
resolution monitoring



Ambient Air Quality Monitoring

Monitoring Basics

Relevant Reading for
Monitoring Phase

a PM,; has been shown
to be harmful to
health; additionally, its
concentration also is useful
as an indicator of harmful
ambient air pollution
mixtures of many types
of particles and gases
harmful to health.
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What to measure?

Fine particulate matter (PM,;) is the most important pollutant to monitor and
reduce. It is an indicator of a pollution mixture? that causes the most serious illness
and death globally and causes an especially large burden of disease in the most
polluted regions and cities (37). In addition to being a proven cause of serious illness
and death from cardiovascular and respiratory diseases, cancer and diabetes, which
are included in the global burden of disease estimates, PM, also impacts birth out-
comes and child health, potentially impairing well-being and productivity across the
life span (38,39).

Otherimportant pollutants include ozone (O,), a secondary, regional pollutant, which
currently causes roughly one-sixth as many deaths globally as ambient PM, pollu-
tion (refer to Figure 2b). Nitrogen dioxide (NO,) is a useful indicator of traffic-related
air pollution, a risk factor for asthma development (40) and a pollutant involved in
producing ozone (41). Sulfur dioxid