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Introduction

This document describes the latest WHO database on ambient air quality. Since 2011, WHO has been
compiling and publishing ground measurements of air quality and, specifically, the annual mean
concentrations of particulate matter with a diameter <2.5 pm (PM:s) and < 10 um (PM1g). The objective —
beyond summarizing the current state of air quality — is to collect data on air quality that could be used to
derive robust estimates of population exposure for studies of the burden of disease analysis due to ambient
air pollution (1, 2). The database thus fulfils part of WHO’s custodial role for indicators 11.6.2 (Air quality
in cites) and 3.9.1 (Mortality from air pollution) of the Sustainable Development Goals.

The recent update of the WHO Air Quality Guidelines , a set of evidence-based recommendations for limit
values of specific air pollutants, provides clear evidence of the damage that air pollution inflicts on human
health, at even lower concentrations than previously recognized. The guidelines recommend new air quality
levels to protect the health of populations, and reducing the levels of key air pollutants will also contribute
to slowing climate change (3). Pollutants for which new guidelines for annual mean have been set are PM, s,
with guideline value half the previous one, PM1o, which is decreased by 25%, and that for nitrogen dioxide
(NOy), which is four times lower than the previous guideline (Table 1).

Table 1. Recommended levels and interim targets (in pg/m®) for an annual averaging time

Pollutant Interim target AQG (2021) AQG (2005)
1 2 3 4

PM:s 35 25 15 10 5 10

PMao 70 50 30 20 15 20

NO. 40 30 20 10 40

AQG, Air Quality Guidelines

The new guidelines are designed to help countries achieve air quality that protects public health. They have
been welcomed by the health community, medical societies and patient organizations (4). The guidelines
are not legally binding but serve as benchmarks to guide countries in deriving national air quality standards.
As indicated in a recent report by the United Nations Environment Programme, “there is no common legal
framework for Ambient Air Quality Standards (AAQS) globally and that effective enforcement of AAQS
remains a significant legal challenge. Many countries lack legislation that sets AAQS or requires air quality
monitoring and only a few address transboundary air pollution” (5).

In its previous versions (2011, 2014, 2016 and 2018), the database contained data only on particulate matter
(PM25 and PMyo). Data on NO- are included in this fifth update.

The early focus on PM reflected its worldwide ubiquity, and it is the most widely used indicator for
assessing the health effects of exposure to air pollution. PM originates from many different sources, such
as transport, power plants, agriculture, waste burning, industry and natural sources (6). PM may be emitted
directly or may be a product of chemical processes in the atmosphere, and may be transported in the
atmosphere over long distance. A consequence of the latter is transboundary PM, which makes it even more
difficult to control local air quality (7). PM can penetrate deep into the lung and enter the bloodstream,
causing cardiovascular, cerebrovascular (stroke) and respiratory diseases (8). There is emerging evidence
that PM also affects other organs and diseases (9, 10).
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NO; originates primarily from anthropogenic fuel combustion (e.g., from traffic) and is especially common
in urban areas. Exposure to NO is associated with respiratory disease (including asthma), with symptoms
such as coughing, wheezing and difficulty in breathing and more hospital admissions and visits to
emergency rooms (11); it may also contribute to the development of asthma (12) and increase susceptibility
to respiratory infections (13). This pollutant is also correlated with carbon dioxide and contributes to the
formation of ozone and PMas; therefore, any reduction in NO> can have co-benefits for health and the
climate.

Availability of data

The 2021 version of the WHO ambient air quality database includes annual means for PMio, PM_5s and
NO: for the years between 2010 and 2019 and it covers more than 6743 human settlements in 117 countries
worldwide.

The settlements range in size from < 100 to > 30 million inhabitants. As more than 50% of the settlements
have over 50 000 inhabitants and are designated as urban centres or cities by the United Nations Statistical
Commission (14) (Table 2), the database is often referred to as an “urban air quality database”. However,
> 25% of settlements covered in the database have fewer than 15 000 residents, and a limited proportion
(mostly in Europe) have fewer than 1500 inhabitants. These town and rural settlements may, however, be
located near larger urban agglomerations.

Table 2. Distribution of settlements size

% Observations in settlements smaller Settlement size
than listed in the next columns

with PMig , PM,sor NOz data

0 0

5 1027

10 2962

25 14 666

50 56 847

75 304 344

90 955 041

95 1978 502

99 8 051 068

Mean settlement size 480 332
No. of settlements 6743

For NO-, data is available for 3976 human settlements in 74 countries. Most of the data for both pollutants
were retrieved at monitoring stations and aggregated at city level. The settlements ranged in size from <
100 inhabitants to > 30 million, but most are urban (see Table 2) and are therefore referred to generally as
“human settlements” or “towns and cities”.
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Fig. 1. Locations settlements with data on (A) PM2s and (B) PMo concentrations, 2010-2019
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Fig. 1 shows that the coverage of ground measurements of PM.s and PMyo is still not homogeneous around
the globe. More ground measurements are generally found in high- and middle-income countries, in China,
Europe, India and North America. A similar pattern is observed for NO; (Fig. 2), with greater densities of
ground monitors in high- and middle-income countries.
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Fig. 2. Locations of human settlements with data on NO_ concentrations, 2010-2019
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The regional distribution documented in the database and the numbers of settlements for which data were
available are shown in Table 3 and Fig. 3, respectively.

Table 3. Total numbers of human settlements in the database, 2021 version, by region

WHO region and No. of settlements No. of countries Total number
cIassifica}ion by with data of countries
income
WHO region
African 59 12 47
Americas 781 22 35
South-East Asian 398 9 11
European 3 654 48 53
Eastern 158 14 21
Mediterranean
Western Pacific 1693 12 27
Income level
High 4 226 51 57
Low and middle 2 517 66 145
Total 6743 117 194
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Fig. 3. Numbers of settlements for which data on PMio, PM25s and NO;were accessible in 2021 per
urban population (in millions)
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AR: African Region; RA: Region of the Americas; EMR: Eastern Mediterranean Region; ER: European Region; SEAR: South-
East Asian Region; WPR: Western Pacific Region.

As PM,s measurements can be used to estimate health impacts directly, they are of particular interest as
compared to PMi. PM2s is measured widely in high-income countries (HIC), and, while PM;s
measurements are still not available in many low- and middle-income countries (LMIC), there have been
improvements in the past few years. When PM»s measurements are not available, PMio measurements
should be converted to PM_ s for estimation of health impacts.

Summary of data

The database can be consulted on the WHO website at: www.who.int/data/gho/data/themes/air-
pollution/who-air-quality-database. An overview of PM1o, PM2s and NO; levels in the WHO regions and
in selected cities is presented in Figs 4-7.


http://www.who.int/data/gho/data/themes/air-pollution/who-air-quality-database
http://www.who.int/data/gho/data/themes/air-pollution/who-air-quality-database
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Fig. 4. PM1 (A) and PM_5 (B) annual means by income level and settlement size, for settlements for
which data were available in the latest year between 2010 and 2019
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Fig. 5. NO;annual means by income level and settlement size, for settlements for which data were
available in the latest year between 2010 and 2019
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Fig. 4. PMy (A), PM25(B) and NO- (C) annual means by region, income and settlement size for
which data were available in the latest year between 2010 and 2019
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Fig. 5. PMo and NO; annual means in selected cities by region for which data were available in the
latest year between 2017 and 2019
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AR: African Region; RA: Region of the Americas; EMR: Eastern Mediterranean Region; ER: European Region; SEAR: South-
East Asian Region; WPR: Western Pacific Region.

Selection criteria: For the latest year of measurement, but not older than 2017, for each city included in the database, the largest
city in each country in a region was selected.
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AR: African Region; RA: Region of the Americas; EMR: Eastern Mediterranean Region; ER: European Region; SEAR: South-
East Asian Region; WPR: Western Pacific Region.

Selection criteria: For the latest year of measurement, but not older than 2017, for each city included in the database, the largest
city in each country in a region was selected.
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Comparison of PM_sand PMyg levels by income group shows greater exposure in LMIC than in the world
as a whole, by a factor of almost 3 in comparison with HIC (Fig. 4).

A different pattern is observed for NO; levels, HIC and LMIC reporting more homogeneous
concentrations than global averages (Fig. 5). Overall, the NO, concentrations in LMIC were only about
1.5 times higher than in HIC. It is noteworthy that only 37 % of settlements that recorded air quality
levels were in LMIC.

PMio levels were above the global average in the Eastern Mediterranean and South-East Asia regions in
human settlements of all sizes (Fig. 6A) and were six to eight times the AQG. These regions receive large
guantities of desert dust particles. The pattern of PM_s levels is similar, although the African and Western
Pacific regions had levels that were nearly eight times the AQG (Fig. 6B). Modelled estimates of PMas
supplemented by satellite data reflected similar regional patterns (15, 16).

A similar pattern was observed for annual average NO, concentrations, settlements in the Eastern
Mediterranean Region having higher concentrations than the global average, while all the other regions had
lower, homogeneous levels (Fig. 6C). The lowest levels of PM were observed in Europe and the lowest
levels of NO; in the Americas. While PMyg levels varied widely by region, NO- levels appeared to be more
homogeneous. Modelled estimates of global NO; reported recently (12) indicate that the highest
concentrations occur in the most populated regions of the world.

With regard to exposure levels in human settlements of different sizes, the NO, concentration tended to
increase with settlement size, which might reflect larger emissions from traffic (17), whereas the highest
PM concentrations were found in settlements that varied in size from 500 000 to 3 million inhabitants.

The homogeneity of NO, concentrations in different regions and human settlements size may be due to the
local nature of the sources of NO; and its reactive chemical nature.

Itis interesting to focus also on PMj, and NO; concentration in the most populous cities, with size ranging
from 1 million to 26 million habitants (Fig. 7). The annual levels of PMyo and NO; varied widely by city
size and income level in a given region. This is probably because the data from each city were not for the
same year, temporal coverage or spatial coverage. While the data for each city indicate the air quality in the
region, they are not comparable with those for other cities in the same region and even less so with those
for other regions.

A comparison of the levels in mega-cities in the 2018 and 2021 versions of the database showed that the
annual mean PM concentrations are relatively constant, only a few cities (e.g., Delhi) having improved their
air quality. The mega-cities that recorded high PM1, concentrations, such as Beijing, Delhi and Dhaka, also
had elevated NO, concentrations (data not shown).

Compliance with the Air Quality Guidelines

Fig. 8 shows the regional percentages of towns and cities with measurements of NO, and PM1 or PM25
that experienced air pollution levels that met or exceed the WHO AQG, i.e., annual mean values of 10
ng/m? for NO,, 15 ug/m?® for PMyo and 5 pg/m?® for PM_ s (see Table 1).
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Fig. 8. Annual mean particulate matter concentrations in the settlements assessed, as compared
with the WHO Air Quality Guidelines
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AR: African Region; RA: Region of the Americas; EMR: Eastern Mediterranean Region; ER: European Region; SEAR: South-
East Asian Region; WPR: Western Pacific Region; LMIC: low- and middle-income countries; HIC: high-income countries;
AQG: WHO Air Quality Guidelines.

Note: For settlements for which both PM1oand PMas values were available, PM2 s values were used.

Globally, only the population of 10% of the assessed cities was exposed to annual mean levels of PMy, or
PM_ s that complied with the AQG. The proportion increased to 31% for interim target (IT) 4 (i.e., IT-4: 20
ng/m? for PMyoand 10 pg/m? for PM.s) of the AQG, 54% for IT 3 (30 pg/m® for PMigand 15 pg/m3 for
PM25s), 70% for IT 2 (50 pg/m® for PMioand 25 pug/m? for PM,s) and 81% for IT 1 (70 pug/m? for PMyeand
35 ug/m? for PMys).

For NO2, only the population of 23% of the assessed cities was exposed to annual mean levels that complied
with AQG levels (Fig. 9). The proportion increased to 59% for IT 3 (20 pg/m®), 83% for IT 2 (30 pg/m®)
and 95% for IT 1 (40 pg/m®). The high income Region of the Americas recorded the best compliance with
the WHO AQG for NO., almost 50% of cities recorded air quality levels below those set by the AQG.
Interestingly, low- and middle-income cities in the Region were least compliant with the WHO AQG (Fig
10).
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Fig. 9. Annual mean NO; concentrations in the settlements assessed, as compared with the WHO
Air Quality Guidelines
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AR: African Region; RA: Region of the Americas; EMR: Eastern Mediterranean Region; ER: European Region; SEAR: South-
East Asian Region; WPR: Western Pacific Region; LMIC: low- and middle-income countries; HIC: high-income countries AQG:
WHO Air Quality Guidelines

Methods

The database includes annual mean concentrations of PMso, PM25 and NO- based on ground measurements
of these pollutants. It provides an average for a city or town as a whole rather than at individual stations.
Most of the measurements were made between 2010 and 2019.

Data sources

The primary sources of data were official reports of countries sent to WHO upon request, official national
and subnational reports and national and subnational websites that contain measurements of PMio or PM2s
and ground measurements compiled in the framework of the Global Burden of Disease project (18). For
NO;, ground measurements compiled for research by Larkin et al. in 2017 (19) were obtained.
Measurements reported by the following regional networks were also used: Clean Air for Asia (20), the Air
quality e-reporting database of the European Environment Agency (21) for Europe and the AirNow
Programme from the United States embassies and consulates (22). If such official data were not available,
values from peer-reviewed journals were used.

Types of data

Annual mean concentrations of particulate matter (PMio or PM2s) and NO; derived from daily stationary
measurements or data that could be aggregated into annual means, were used. In the absence of annual
means, measurements over a more limited part of the year were used exceptionally to derivate the annual
mean, if the different seasons were represented.
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In order to present air quality data that represent human exposure, we used mainly urban measurements,
comprising urban background, residential areas, commercial and mixed areas or rural areas and industrial
areas close to urban settlements. Only data from stationary measurements, as opposed to mobile stations,
were included. Air quality stations that covered particular “hot spots” and exclusively industrial areas were
not included in the analysis, as such measurements often represent areas with the highest exposure and not
mean population exposure. “Hot spots” were either designated as such in the original reports or were
qualified as such because they were, e.g., near exceptionally busy roads. It should be noted that the omission
of these measurements, might, however, have resulted in underestimates of the mean air pollution in a city.

When data from various sources were available for an urban area, only the latest, most reliable sources were
used. For locations for which no new data were available, data from the previous version of the database
were used.

We could not retrieve or use all the publicly available data of interest, because they were not in one of the
four languages selected for the search (i.e., English, French, Portuguese and Spanish) or they provided
incomplete information (such as the reference year or station coordinates). Data were used as presented in
the original sources. The numbers of monitors cited do not necessarily correspond to the number of
operational stations in a city but to the number of stations used to derive the mean.

Search strategy

When official reporting from countries to WHO were not available, we screened the websites of national
ministries of the environment and health and statistics offices for publicly available data

The web searches were conducted with the terms “air quality”, “air pollution”, “suspended particles”,
“monitoring”, “PM10”, “PM2.5” and “NO2”. The languages chosen were English, French, Portuguese and
Spanish.

Only measurements up to 2019 were included, although some late searches included 2020.

Data processing and reporting

When they were available, means for cities and towns reported in the original sources were included. When
a mean was not provided, data from the eligible monitoring station in the city or town were averaged. As
monitoring stations may be placed in locations that do not represent the level of background pollution,
aggregation of their data may not necessarily represent mean air pollution in a city. This risk was partly
mitigated by excluding data from monitoring stations located in hot spots, as stated above.

The population data used for weighting and for estimating the proportion of the population covered were
derived from United Nations Population Statistics (23) (when available) for all the human settlements
covered or census data from national statistics offices (24). When no population data were available, the
median for a specific sector of the population was retrieved manually from the latter.

The temporal coverage represents the number of days per year covered by measurements and any other
range provided in the original sources. When data from several monitoring stations in one city or town were
available, the average temporal coverage was used as the overall average. Although information on
temporal coverage was not always available, the reporting agencies often set a threshold for the number of
days covered before reporting the measurements from a station or used it to estimate the city mean.
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Discussion

Since 2011, when WHO released the first database, the availability of data has increased dramatically. Fig.
10 shows the numbers of settlements for which PM measurements were available up to 2021. Within a
decade, the number of cities and towns in which air quality is measured increased by approximatively six
times. Additional ground monitors, especially in settlements with elevated concentrations of PM10 and
PM2.5 will be pivotal for monitoring the progress of national policies and interventions.

Fig. 10. Numbers of human settlements included in the WHO database, by year of release
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The database is the result of collaborations among WHO, countries and academic institutions and has
contributed considerably to improving estimates of exposure to particulate matter (1, 2).

Addition of NO, measurements will contribute to (i) increasing awareness about this pollutant, which is
often used as an effective proxy for anthropogenic fuel combustion, specifically from traffic and especially
in urban settings; (ii) monitoring progress in policies to reduce exposure to air pollution; and (iii) improving
work to derive estimates of global exposure to NO; (12, 18, 25-27).

Limitations of the database

The aim of the database is to compile ground measurements of annual mean concentrations of PM.s PM1o
and NO>. The database has several limitations, the main one being that comparison of data from different
countries is limited because of:

o different locations of measurement stations;

e different measurement methods;

o (different temporal coverage of certain measurements (If only part of a year is covered, the
measurement may deviate significantly from the annual mean because of seasonal variations.);

e data from different countries were available for different years;

e possible inclusion of data that were not eligible for the database because of insufficient information
for ensuring compliance;
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o differences in the size of urban areas covered (For certain countries, only measurements for larger
cities were found, whereas, for others, data for cities with only a few thousand inhabitants were
available.);

¢ heterogeneity in the quality of measurements; and

e omission of data that could not yet be accessed because they were not in one of the four languages
selected or were difficult to access.

Some of these limitations were discussed in a recent article, based on the 2016 version of the database (28).

Prospects

Our past and current databases contain data from reference-grade monitors (or provided by country
officials) in an attempt to rely on official data used for regulatory purposes. Countries have, however, shown
growing interest in measuring and using data from alternative methods (i.e., other than standards reference
grade monitors), such as those obtained with low-cost sensors (LCS), or estimates based on satellite data
(or a combination thereof), particularly in regions in which there are no high-quality data. A common yet
difficult question to answer is the reliability of these sensors.

In a recent report, the World Meteorological Organization (29) assessed several studies of the use of LCS
and concluded that they are not yet suitable for replacing reference monitors but could complement them.
In countries with at least some reference monitors, LCS could be added to the monitoring network to
improve spatial coverage of air-quality monitoring. The importance of quality assurance and quality control
of data from LCS should, however, be emphasized in order to reduce the uncertainty of the measurements.
Data from LCS can be affected adversely by changes in humidity, temperature and the presence of other
pollutants. In addition, LCS are susceptible to drifting baselines.

A meta-analysis of the scientific and grey literature also indicated that, while LCS could supplement air
monitoring networks, more work is necessary before they could be used independently for monitoring
source compliance (30). An example of use of LCS data to supplement data from reference monitors is that
of the Meteorological Institute in The Netherlands; Mijling et al. (31) showed significantly better modelled
concentrations of NO; on a fine spatial scale, although it was reported that the improvement was observed
only when the LCS data were calibrated and validated with a reference monitor. Standard protocols for
calibrating and validating LCS are available from the European Union (32) and the USA (33).
Environmental regulators and policy-makers who plan to include LCS in their monitoring networks should
develop robust protocols for LCS calibration and validation to ensure that the data closely reflect those
from a reference monitor. Inclusion of LCS data in future databases of ambient air quality for estimating
mortality due to long-term exposure to fine particulate matter will require more rigorous, transparent
calibration and validation protocols with reference monitors. LCS are nevertheless being used increasingly,
including to obtain real-time information and related indices of air quality (34).

On the other end, satellite remote sensing has also dramatically improved to measure air quality (35). The
primary advantage of satellite data compared to ground measurements is their spatial coverage. Satellite
data is available for the entire globe and can provide invaluable information on the level, composition and
transport of pollution but also on the changes over time. Health and air quality communities have
increasingly been using satellite data, and this trend is expected to continue (36, 37). Satellite data is already
used to assess global air pollution exposure since years (2, 38) and an integral part of the modelling for
SDG 11.6.2, Air quality in urban areas (15, 39). The reliability of the satellite-based estimates of air
pollutants concentration depends, to a large extent, on the availability of the ground monitoring data,
allowing calibration of the estimates.

An expert group was set up recently to advise WHO on continuing assessment of exposure to air pollution
(40), and its recommendations will be used in future versions of this database.
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Feedback, updating and improvement of the database

Countries, municipalities and their agencies that have relevant measurements are welcome to provide more
recent or complete data in order to update or improve the database. Please contact us by writing to
agh_who@who.int.

References

1.

10.

11.

12.

Shaddick G, Thomas ML, Green A, Brauer M, van Donkelaar A, Burnett R et al. Data integration
model for air quality: A hierarchical approach to the global estimation of exposures to ambient air
pollution. Appl Statist. 2018;67(1):231-53. (https://pubs.acs.org/doi/10.1021/acs.est.8002864).
Shaddick G, Thomas ML, Amini H, Broday D, Cohen A, Frostad J et al. Data integration for the
assessment of population exposure to ambient air pollution for global burden of disease assessment.
Environ Sci Technol. 2018;52(16):9069-78. (doi: 10.1021/acs.est.8b02864).

WHO global air quality guidelines. Particulate matter (PM2s and PMyo), 0zone, nitrogen dioxide,
sulfur dioxide and carbon monoxide. Geneva: World Health Organization; 2021.
(https:/fapps.who.int/iris/handle/10665/345329).

Hoffman B, Boogard H, de Nazelle A, Andersen ZJ, Abramson M, Brauer M et al. WHO Air Quality
Guidelines 2021 — Aiming for healthier air for all: A joint statement by medical, public health,
scientific societies and patient representative organisations. Int J Public Health. 2021;66:1604465
(doi: 10.3389/ijph.2021.1604465).

Regulating air quality: The first global assessment of air pollution legislation. Nairobi: United
Nations Environment Programme; 2021.
(https://wedocs.unep.org/bitstream/handle/20.500.11822/36666/RAQ_GAAPL.pdf).

WHO air quality guidelines- Global Update 2005. Particulate matter (PM.s and PMso), 0zone,
nitrogen dioxide, sulfur dioxide and carbon monoxide. Copenhagen: WHO Regional Office for
Europe; 2006. (https://apps.who.int/iris/rest/bitstreams/1344509/retrieve).

Maas, R., Grennfelt P (eds). Towards Cleaner Air. Scientific Assessment Report 2016. EMEP
Steering Body and Working Group on Effects of the Convention on Long-Range Transboundary Air
Pollution, Oslo, 2016. (https://unece.org/sites/default/files/2021-
06/CLRTAP_Scientific_Assessment_Report_en.pdf)

Thurston G, Kipen H, Annesi-Maesano |, Balmes J, Brook RD, Cromar K et al. A joint ERS/ATS
policy statement: What constitutes an adverse health effect of air pollution? An analytical
framework. Eur Resp J. 2017; 49(1):1600419 (doi: 10.1183/13993003.00419-2016).

Schraufnagel DE, Balmes JR, Cowl CT, De Matteis S, Jung SH, Mortimer K et al. Air pollution and
noncommunicable diseases: A review by the Forum of International Respiratory Societies’
Environmental Committee, Part 2. Air pollution and organ systems. Chest. 2019;155(2):417-26 (doi:
10.1016/j.chest.2018.10.041).

Wei, Y., Wang, Y., Di, Q., Choirat, C., Wang, Y., Koutrakis, P., Zanobetti A., Dominici F.,
Schwartz, J. D. Short term exposure to fine particulate matter and hospital admission risks and costs
in the Medicare population: time stratified, case crossover study. BMJ. 2019, Nov 27;367:16258.
(doi: 10.1136/bmj.16258).

Orellano P, Reynoso J, Quaranta N, Bardach A, Ciapponi A. Short-term exposure to particulate
matter (PM1o and PMz;s), nitrogen dioxide (NO,) and ozone (Os3) and all-cause and cause-specific
mortality: Systematic review and meta-analysis. Environ Int. 2020;142:105876 (doi:
10.1016/j.envint.2020.105876).

Anenberg SC, Mohegh A, Goldberg DL, Kerr GH, Brauer M, Burkart K et al. Long-term trends in
urban NO; concentrations and associated paediatric asthma incidence: Estimates from global
datasets. Lancet Planet Health. 2022;6(1)e49-58 (doi: 10.1016/S2542-5196(21)00255-2).


mailto:ambientair@who.int
https://doi.org/10.1136/bmj.l6258

7
\/ . .

\ y

&Y Organization

AT

"@ World Health

13. Huangfu P, Atkinson R. Long-term exposure to NO, and O3 and all-cause and respiratory mortality:
Systematic review and meta-analysis. Environ Int. 2020;144:105998 (doi:
10.1016/j.envint.2020.105998).

14. European Commission, Eurostat and DG for Regional and Urban Policy, ILO, FAO, OECD, UN-
Habitat, World Bank. A recommendation on the method to delineate cities, urban and rural areas for
international statistical comparisons. In: Fifty-first session, 3-6 March 2020. New York City (NY):
United Nations Statistical Commission; 2020 (https://unstats.un.org/unsd/statcom/51st-
session/documents/BG-ltem3j-Recommendation-E.pdf).

15. Shaddick G, Thomas ML, Mudu P, Ruggeri G, Gumy S. Half the world’s population are exposed to
increasing air pollution. npj Climate Atmos Sci. 2020;3:23 (doi: 10.1038/541612-020-0124-2).

16. Southerland VA, Brauer M, Mohegh A, Hammer MS, van Donkelaar A, Martin RV et al. Global
urban temporal trends in fine particulate matter (PM_s) and attributable health burdens: Estimates
from global datasets. Lancet Planetary Health. 2022;6(2):E139-46 (doi: 10.1016/S52542-
5196(21)00350-8.

17. Air Quality Status Briefing, 2021. Copenhagen, European Environment Agency; 2022
(www.eea.europa.eu/publications/air-quality-in-europe-2021/air-quality-status-briefing-2021).

18. Global Burden of Disease (GBD). Seattle (WA): Institute for Health Metrics and Evaluation; 2022
(www.healthdata.org/ghd).

19. Larkin A, Geddes J, Martin RV, Xiao Q, Liu Y, Marshall JD et al. Global land use regression model
for nitrogen dioxide air pollution. Environ Sci Technol. 2017;51(12):6957-64 (doi:
10.1021/acs.est.7b01148.

20. Clean Air Asia. Beijing (http://cleanairasia.org/).

21. Air quality e-reporting (AQ e-Reporting). Copenhagen: European Environment Agency; 2022
(https://www.eea.europa.eu/data-and-maps/data/agereporting-9).

22. AirNow Department of State. Research Triangle Park (NC): United States Environmental protection
Agency Office of Air Quality Planning and Standards; 2022
(https://iwww.airnow.gov/international/us-embassies-and-consulates).

23. 2018 revision of world urbanization prospects. New York City (NY): United Nations; 2018
(https://www.un.org/development/desa/publications/2018-revision-of-world-urbanization-
prospects.html).

24. City population - population statistics for countries, administrative divisions, cities, urban areas and
agglomerations — interactive maps and charts (www.citypopulation.de).

25. Geddes JA, Martin RV, Boys BL, van Donkelaar A. Long-term trends worldwide in ambient NO>
concentrations inferred from satellite observations. Environ Health Perspect. 2016;124(3):281-9.
(doi.org/10.1289/ehp.1409567).

26. Anenberg SC, Henze DK, Tinney V, Kinney PL, Raich W, Fann N et al. Estimates of the global
burden of ambient PM2s, 0zone, and NO, on asthma incidence and emergency room visits. Environ
Health Perspect. 2018;126(10) (doi.org/10.1289/EHP3766).

27. Achakulwisut P, Brauer M, Hystad P, Anenberg SC. Global, national, and urban burdens of
paediatric asthma incidence attributable to ambient NO- pollution: Estimates from global datasets.
Lancet Planetary Health. 2019;3(4):e166-78 (doi: 10.1016/S2542-5196(19)30046-4).

28. Schwela DH, Haq G. Strengths and weaknesses of the WHO Global Ambient Air Quality Database.
Aerosol Air Quality Res. 2020;20(5):1026—-37 (doi: 0.4209/aaqr.2019.11.0605).

29. Peltier R, Castell N, Clements AL, Dye T, Huglin C, Kroll JH, et al. An update on low-cost sensors
for the measurement of atmospheric composition. Geneva: World Meteorological Organization;
2020 (https://library.wmo.int/doc_num.php?explnum_id=10620).

30. Morawska L, Thai PK, Liu X, Asumadu-Sakyi A, Ayoko G, Bartonova A et al. Applications of low-
cost sensing technologies for air quality monitoring and exposure assessment: How far have they
gone? Environ Int. 2018;116:286-99 (doi: 10.1016/j.envint.2018.04.018).

31. Mijling B. High-resolution mapping of urban air quality with heterogeneous observations: A new
methodology and its application to Amsterdam. Atmos Meas Tech. 2020;13:4601-17 (doi:
10.5194/amt-13-4601-2020).


https://doi.org/10.1016/S2542-5196(21)00350-8
https://doi.org/10.1016/S2542-5196(21)00350-8
https://doi.org/10.1289/EHP3766

g’@ World Health
&Y Organization

32. Spinelle L, Aleixandre M, Gerboles M. Protocol of evaluation and calibration of low-cost gas
sensors for the monitoring of air pollution (EUR 26112). Luxembourg: Publications Office of the
European Union; 2013 (https://publications.jrc.ec.europa.eu/repository/handle/JRC83791).

33. Air sensor performance targets and testing protocols. Washington DC: United States Environmental
Protection Agency; 2021 (https://www.epa.gov/air-sensor-toolbox/air-sensor-performance-targets-
and-testing-protocols).

34. World Environment Situation Room — Air visual. Nairobi: United nations Environment Programme;
2022 (https://wesr.unep.org/airvisual).

35. Air quality. Geneva: World Meteorological Organization. (https://public.wmo.int/en/our-
mandate/focus-areas/environment/air_quality).

36. Holloway T, Miller D, Anenberg S, Diao M, Duncan B, Fiore A M et al (2021). Satellite Monitoring
for Air Quality and Health. Annual Review of Biomedical Data Science. July 2021 4(1):417.
(doi.org/10.1146/annurev-biodatasci-110920-093120).

37. Diner D, Boland S, Brauer M, Bruegge C, Burke K, Chipman R et al. Advances in multiangle
satellite remote sensing of speciated airborne particulate matter and association with adverse health
effects: from MISR to MAIA. Journal of Applied Remote Sensing. 12.042603, (2018), 042603,
12(4). (doi.org/10.1117/1).

38. Brauer M, Amann M, Burnett R T, Cohen A, Dentener F, Ezzati M et al (2012). Exposure
assessment for estimation of the global burden of disease attributable to outdoor air pollution.
Environmental Science & Technology. 2012 ; 46(2):652—60. (doi: 10.1021/es2025752).

39. Global Health Observatory. Air Pollution Data Portal. Geneva: World Health Organization, 2022
(www.who.int/data/gho/data/themes/air-pollution/modelled-exposure-of-pm-air-pollution-exposure).

40. Global Air Pollution and Health — Technical Advisory Group. Geneva: World Health Organization;
2021 (https://www.who.int/groups/global-air-pollution-and-health---technical-advisory-group).

@\E
SS


https://wesr.unep.org/airvisual
https://public.wmo.int/en/our-mandate/focus-areas/environment/air_quality
https://public.wmo.int/en/our-mandate/focus-areas/environment/air_quality

%" i y/WorId Health

/ ,ﬁ N\
&\@@,ﬁ/ Organization

Annex 1. WHO regional groupings

Country
Afghanistan
Albania
Algeria
Andorra
Angola
Antigua and Barbuda
Argentina
Armenia
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bhutan

Bolivia (Plurinational State of)

Bosnia and Herzegovina
Botswana

Brazil

Brunei Darussalam
Bulgaria

Burkina Faso

Burundi

Cabo Verde

Cambodia

Cameroon

Canada

Central African Republic
Chad

Chile

China

Colombia

Comoros

WHO region
Eastern Mediterranean
European
African
European
African
Americas
Americas
European
Western Pacific
European
European
Americas
Eastern Mediterranean
South-East Asian
Americas
European
European
Americas
African
South-East Asian
Americas
European
African
Americas
Western Pacific
European
African

African

African

Western Pacific
African
Americas
African

African
Americas
Western Pacific
Americas
African

World Bank income (2019)*

Low
Upper middle
Lower middle
High
Lower middle
High
Upper middle
Upper middle
High
High
Upper middle
High
High
Lower middle
High
Upper middle
High
Upper middle
Lower middle
Lower middle
Lower middle
Upper middle
Upper middle
Upper middle
High
Upper middle
Low
Low
Lower middle
Lower middle
Lower middle
High
Low
Low
High
Upper middle
Upper middle
Lower middle
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Country
Congo

Cook Islands
Costa Rica
Cote d'lvoire
Croatia
Cuba
Cyprus

Czechia

Democratic People’s Republic
of Korea

Democratic Republic of the
Congo

Denmark
Djibouti
Dominica
Dominican Republic
Ecuador
Egypt

El Salvador
Equatorial Guinea
Eritrea
Estonia
Eswatini
Ethiopia

Fiji

Finland
France

Gabon
Gambia
Georgia
Germany
Ghana

Greece
Grenada
Guatemala
Guinea
Guinea-Bissau
Guyana

Haiti
Honduras
Hungary
Iceland

74

WHO region
African
Western Pacific
Americas
African
European
Americas
European
European

South-East Asian

African
European
Eastern Mediterranean
Americas
Americas
Americas
Eastern Mediterranean
Americas
African
African
European
African
African
Western Pacific
European
European
African
African
European
European
African
European
Americas
Americas
African
African
Americas
Americas
Americas
European
European

World Bank income (2019)*
Lower middle

Not applicable

Upper middle

Lower middle

High

Upper middle

High

High

Low

Low
High
Lower middle
Upper middle
Upper middle
Upper middle
Lower middle
Lower middle
Upper middle
Low
High
Lower middle
Low
Upper middle
High
High
Upper middle
Low
Upper middle
High
Lower middle
High
Upper middle
Upper middle
Low
Low
Upper middle
Low
Lower middle
High
High
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Country
India
Indonesia
Iran (Islamic Republic of)
Iraq

Ireland
Israel

Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Kiribati
Kuwait

Kyrgyzstan
Lao People’s Democratic
Republic

Latvia
Lebanon
Lesotho
Liberia
Libya
Lithuania
Luxembourg
Madagascar
Malawi
Malaysia
Maldives
Mali

Malta
Marshall Islands
Mauritania
Mauritius

Mexico
Micronesia (Federated States
of)

Monaco
Mongolia
Montenegro
Morocco
Mozambique
Myanmar

74

WHO region
South-East Asian
South-East Asian
Eastern Mediterranean
Eastern Mediterranean
European

European

European

Americas

Western Pacific
Eastern Mediterranean
European

African

Western Pacific
Eastern Mediterranean
European

Western Pacific
European

Eastern Mediterranean
African

African

Eastern Mediterranean
European

European

African

African

Western Pacific
South-East Asian
African

European

Western Pacific
African

African

Americas

Western Pacific
European

Western Pacific
European

Eastern Mediterranean
African

South-East Asian

World Bank income (2019)*
Lower middle
Upper middle
Upper middle
Upper middle
High

High

High

Upper middle
High

Upper middle
Upper middle
Lower middle
Lower middle
High

Lower middle

Lower middle
High
Upper middle
Lower middle
Low
Upper middle
High
High
Low
Low
Upper middle
Upper middle
Low
High
Upper middle
Lower middle
High
Upper middle

Lower middle
High

Lower middle
Upper middle
Lower middle
Low

Lower middle
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Country

Namibia

Nauru

Nepal

Netherlands

New Zealand
Nicaragua

Niger

Nigeria

Niue

North Macedonia
Norway

Oman

Pakistan

Palau

Panama

Papua New Guinea
Paraguay

Peru

Philippines

Poland

Portugal

Qatar

Republic of Korea
Republic of Moldova
Romania

Russian Federation
Rwanda

Saint Kitts and Nevis

Saint Lucia
Saint Vincent and the
Grenadines

Samoa

San Marino

S&do Tome and Principe
Saudi Arabia

Senegal

Serbia

Seychelles

Sierra Leone
Singapore

Slovakia
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WHO region

African

Western Pacific
South-East Asian
European

Western Pacific
Americas

African

African

Western Pacific
European

European

Eastern Mediterranean
Eastern Mediterranean
Western Pacific
Americas

Western Pacific
Americas

Americas

Western Pacific
European

European

Eastern Mediterranean
Western Pacific
European

European

European

African

Americas

Americas

Americas
Western Pacific
European
African

Eastern Mediterranean
African
European
African
African
Western Pacific
European

World Bank income (2019)*
Upper middle
High

Lower middle
High

High

Lower middle
Low

Lower middle
Not applicable
Upper middle
High

High

Lower middle
High

High

Lower middle
Upper middle
Upper middle
Lower middle
High

High

High

High

Lower middle
High

Upper middle
Low

High

Upper middle

Upper middle
Upper middle
High
Lower middle
High
Lower middle
Upper middle
High
Low
High
High
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Country
Slovenia
Solomon Islands
Somalia

South Africa
South Sudan
Spain

Sri Lanka
Sudan
Suriname
Sweden
Switzerland
Syrian Arab Republic
Tajikistan
Thailand
Timor-Leste
Togo

Tonga

Trinidad and Tobago
Tunisia

Turkey
Turkmenistan
Tuvalu

Uganda

Ukraine

United Arab Emirates
United Kingdom of Great
Britain and Northern Ireland

United Republic of Tanzania
United States of America
Uruguay

Uzbekistan

Vanuatu
Venezuela (Bolivarian
Republic of)

Viet Nam
Yemen
Zambia
Zimbabwe
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WHO region
European

Western Pacific
Eastern Mediterranean
African

African

European

South-East Asian
Eastern Mediterranean
Americas

European

European

Eastern Mediterranean
European

South-East Asian
South-East Asian
African

Western Pacific
Americas

Eastern Mediterranean
European

European

Western Pacific
African

European

Eastern Mediterranean

European
African
Americas
Americas
European
Western Pacific

Americas

Western Pacific
Eastern Mediterranean
African

African

World Bank income (2019)*
High

Lower middle
Low

Upper middle
Low

High

Lower middle
Low

Upper middle
High

High

Low

Low

Upper middle
Lower middle
Low

Upper middle
High

Lower middle
Upper middle
Upper middle
Upper middle
Low

Lower middle
High

High
Lower middle
High
High
Lower middle
Lower middle

Upper middle
Lower middle
Low

Lower middle
Lower middle

* World Bank country and lending groups (US$). Low: < 1035; lower middle income: 1036-4045; upper middle income: 4046
12 535; High: > 12 535 (http://databank.worldbank.org/data/download/site-content/OGHIST .xlsx).
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