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ABSTRACT

Purpose of Review. Air pollution remains the greatest environmental threat to public health, and
significantly impacts many aspects of human life. This review surveys platforms that provide
data openly and make air quality data available for use and analysis by environmental health
researchers to inform air quality action.

Recent Findings. Successful programs that rely on different types of open air quality data have
been observed and exist as models for regions that have yet to improve their air quality.
However, disparities remain in the availability and granularity of generated air quality data in
resource-rich and resource-poor regions. Even if air quality data are made available and open,
their usability and actionability still remain challenging. Determinants of usability may include
the user’s technical know-how and ability to deal with disparate data; compute capabilities;
barriers in data sharing and data generation; and misuse and misclassification of data and
levels and sources of exposure. However, the synthesis of different sources of data and
advancements in modeling may help fill in spatiotemporal gaps in many areas of the world. In
addition, the democratization of air quality data is facilitated by advancements in air quality data
generation (e.g., data collection by open-source air sensors) and the ability to contribute to
global, open-access, publicly available repositories that openly share data.

Summary. Many open data platforms exist for sharing and accessing ground-based/in-situ data,
satellite remote sensing data, and modeled or otherwise derived outputs. Online platforms that
allow visualization and analysis without the need to download software are also now widely
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available. Despite wide availability, disparities in accessibility exist—expansion and support
through interdisciplinary collaboration and continuous funding support for air quality data is
essential for the continuous global benefit and community-specific action to address air quality
as an environmental health issue.
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MAIN TEXT
Introduction

Air pollution remains the greatest environmental threat to public health, and significantly
impacts well-being, economy, trade, food security, and many other aspects of human life [1].
While the world has experienced an average slight decline in air pollution in recent years, the
burden due to non-communicable diseases resulting from air pollution is high and growing in
many regions worldwide [2]. In particular, populations from low- and middle-income countries
(LMICs) are exposed to 1.3-4 times higher levels of ambient particulate matter (PM,5) than
those in high-income countries [2]. LMICs may lack air quality monitoring programs, national air
quality standards, and other critical analysis tools to assess pollution emissions and impacts on
health [3-5]. For example, a report by the United Nations Environment Programme (UNEP) in
2021 stated that 34% of countries do not have protections against ambient air quality and 86%
of these countries do not have air quality standards at all [6]. In 2025, the World Health
Organization (WHO) released an Air Quality Standards database
(https://www.who.int/tools/air-quality-standards), where it was reported that there are still many
countries that still do not implement standards for pollutants [7]. In addition, while regional
ambient pollution has improved drastically in high-income countries, concentrations can vary
drastically at smaller scales [8]. Confounding these issues are threats to federal or national-level
monitoring and enforcement programs and possible laxes in regulation that may lead to
increased exposures [9].

Inequalities in air pollution exposure correspond with disparities in the technical
computational capacities required to collect, access, and use air quality data effectively.
Globally accessible open data platforms that make air quality information freely available and
accessible can address some of these disparities. However, many users in resource-limited
regions may lack the infrastructure, skills, or even connectivity to work with large,
machine-readable datasets, which can hinder their ability to leverage these tools for local
decision-making. Addressing the uneven access and ability to utilize large-scale datasets is
critical for ensuring that open data platforms achieve their full potential in promoting equitable
access to air quality information and action. This review will focus on open data platforms for
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air quality, particularly those making data universally and widely available for air pollutants
identified in the World Health Organization (WHO)'s air quality guidelines, i.e., fine particulate
matter (PM,s), coarse particulate matter (PM,,) nitrogen dioxide (NO,), ozone (0,), sulfur
dioxide (SO,) and carbon monoxide (CO) [10].

According to the Open Data Toolkit, data are “considered ‘open’ if anyone can freely
access, use, re-use, and redistribute them, for any purpose, without restrictions” [11].
Furthermore, true openness requires making the data available in open formats that software
can read (computable and machine-readable), allowing users to readily query and re-use the
data; for example, publishing a portable document format (PDF) on a government website is not
considered “open.” [12, 13] In the case of air quality data, an example “use case” would be
downloading ground-level air quality measurements and feeding them into a machine-learning
model that combines these measurements with satellite measurements to create air quality
forecasts [14]; such a process would be considered “open” if both ground level and satellite
datasets were freely and publicly accessible, straightforward to use, and searchable.
Additionally, machine learning models used must be open-source as well as the resulting
forecast and its metadata, with the code and data products shared in a public repository.

Case-studies

Accessible measurements of air pollution are critical for decision-support applications:
for example, having air quality forecasts to help people plan their day to reduce exposure to
ambient air pollutants; helping communities, researchers and governments measure exposures
to populations to understand and study impacts on health; and evaluating emission sources and
effective strategies to reduce emissions. Open data should be used to inform the public, while
ideally reducing exposure through changed policies or other actions. This can occur at the
continental, country, state, or smaller municipality level. Often, locally applied data can help to
increase understanding of and involvement in improving air pollution in communities [15].

A variety of open data networks have been used to better understand local air pollution,
particularly at the hyper-local level (10 meters or less). A well known example is in the United
States (US), where the Clean Air Act has successfully led to the improvement of air quality, with
extensive air quality monitoring and the requirement to make the data publicly available. Setting
up regulatory networks, as well as informational networks helps continuously inform
regulations. For example, the update to the US National Ambient Air Quality Standard for PM, 5
from 12.0 to 9.0 yg/m?® was informed by, alongside other data, long-term air quality data trends
as seen from air quality monitoring networks [16]. Likewise, the WHO updated its recommended
annual PM,; guideline in 2021 from 10 pg/m*® to 5 pug/m? and for NO, from 40 pg/m?to 10
pg/m? Another non-regulatory example is the Aires Nuevos project in which low-cost Air Visual
Sensors were placed throughout cities in Central and South America. The data from these
monitors are readily available on the IQAIr website (see
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https:/www.igair.com/us/profile/airesnuevos as of Feb 21, 2025) and were used for local
reporting such as that described by Silva et al [17].

For air quality forecasts, accessible public data helps improve tools. The US EPA
operates the Fire and Smoke Map (https:/fire.airnow.gov/), which aims to provide the public
with timely, interpretable air quality data as it relates to fires and smoke, such as those from
wildfires. The US Department of State’s app ZephAir uses data from embassies and consulates
around the world, plus satellites, forecast models, and other ground monitoring stations,
combined with machine learning to provide air quality forecasts for U.S. personnel, as well as
publicly available for anyone who wants to access the information [18]. Similarly, the Copernicus
Atmosphere Monitoring System (CAMS) provides five-day forecasts for air pollutant
concentrations (https://atmosphere.copernicus.eu/charts/packages/cams/) for the entire
globe. The data have been leveraged for a variety of applications, including an app service for
residents and visitors in Greece (https://atmosphere.copernicus.eu/discovair).

Data types

Data related to air quality can be either quantitative or qualitative. Numerical air quality
measurements in physical units (reported in concentration units such as pg/m? for PM, ;) as
collected by an air sensor or a reference monitor, and associated readings like timestamps (date
and time) and geographical coordinates are quantitative measurements. On the other hand,
qualitative data may include descriptive or subjective information (e.g., observations of visibility
ranked on a Likert scale), reports and anecdotes of symptoms from individuals, narrative
descriptions of air pollution sources, and stories of lived experiences of communities. This
paper describes quantitative air quality data openly available for use in environmental health
research. The use and availability of qualitative data for environmental health research in air
quality is outside the scope of this review.

Ground-based/in-situ data

Ground-based, or in-situ, measurements are key for accurate quantitative
characterization of air pollutants. Importantly, these direct measurements also serve as: (a)
“ground truth” for the calibration and validation of other air quality data (e.g., model outputs,
satellite products, sensors, derived data products, etc.) and (b) if “ingested” during the data
generation process, they can help enhance the accuracy of models, satellite data, sensors,
derived products, etc. These observations capture fine-scale local and/or short-term variations
that are often missed by satellite data or models, making them indispensable for air quality
monitoring and research. Table 1 provides some examples of currently existing air monitoring
networks.
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Although the spatial coverage of ground-based networks is more limited compared to
satellites, they remain crucial for understanding air quality in both urban and rural areas. These
networks typically support regulatory monitoring and can also be used for exposure
assessments and epidemiological studies, particularly in densely populated urban settings.
Real-time data also provide actionable insights during pollution episodes, such as wildfires or
industrial accidents, aiding emergency responses. In rural areas, ground-based data are
particularly valuable for monitoring agricultural pollutants (e.g., ammonia, pesticides, dust), as
well as the impacts of transported urban emissions (e.g., ozone) and emissions from fires. In
LMICs, ground monitoring in rural areas can also be helpful in estimating the contribution of
household air pollution due to the use of solid fuels for cooking and other residential activities
to ambient air pollution. These measurements also help assess their effects on sensitive
ecosystems, including crops and forests, and provide baseline data to evaluate future changes
related to land-use changes or industrial development.

However, ground-based monitoring systems require regular maintenance and calibration
to ensure data accuracy and comparability, which can be particularly challenging in
resource-limited settings. High costs and limited technical capacity—both in terms of skilled
personnel and infrastructure—may pose significant barriers in less advantaged regions, often
hindering the sustainability and effectiveness of these networks [13, 20-22]. Even in
resource-rich countries with more dense monitoring networks, gaps in coverage can have policy
implications that limit the effectiveness of air quality policies in unmonitored regions, though
there is potential to supplement this with other data sources [23, 24]. Strengthening local
capacity through training programs is essential for enabling teams to install, maintain, and
calibrate these systems, thereby ensuring their long-term viability [25, 26]. In addition,
procurement of spare parts, especially for reference monitors, is a significant barrier in
resource-constrained environments, and frequent power outages can result in loss of data; for
example, between 27-33% of data were estimated to have been lost due to load shedding in
South Africa [27, 28]. Additionally, the lack of standardized protocols and interoperability among
networks managed by different entities often limits their integration into open data platforms
and complicates comparisons across datasets. Addressing these challenges is crucial to
maximizing the utility of in-situ networks and fostering equitable access to high-quality air
pollution data worldwide.

A significant opportunity to complement traditional ground-based networks in regions
with limited monitoring infrastructure is the use of emerging “low-cost sensors”. While their
accuracy does not match that of reference-grade monitors, their affordability and ease of
deployment make them a practical choice especially for community-led monitoring to address
localized environmental challenges [30].

Table 1. Some examples of existing air monitoring networks.

Examples

Geographical Coverage
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In-situ air Acid Deposition Monitoring Network in East Asia (EANET) [31] Asia
quality Chemical Speciation Network (CSN) USA
networks itori USA
ACTRIS [32] Europe
ECA-INEA Mexico
AURN United Kingdom
SPARTAN [33] Global
ASCENT USA
Remote-sensing BPANDONIA Global
ground-based AERONET Global
networks EARLINET Europe
LALINET [34] Latin America
ICCON Global
MPLNET Global
SHADOZ Southern Hemisphere
GAW Global

“Low-cost” sensing
networks

Breathe Cities

Sistema de Alerta Temprana del Valle de Aburra (SIATA

sensor.community
nsensemap.or
verpm

14 cities globally
Colombia

Global

Global

Mexico

Satellite remote sensing data

Satellite remote sensing is another tool for understanding air quality at regional to global
scales. Such sensors routinely collect information on the presence and concentrations of
aerosols and trace gases in the atmosphere. The spatial and temporal resolution of these data
are continuously improving, allowing better urban-scale analysis and near-real-time information.
For example, the European Space Agency (ESA) TROPOMI instrument (launched 2017) provides
daily global coverage of up to 5.5 km by 3.5 km resolution for trace gasses like NO, and SO,,
while geostationary missions like Geostationary Environment Monitoring Spectrometer (GEMS)
over East Asia (launched 2020) and TEMPO over North America (launched 2023), and the
planned Sentinel-4 mission over Europe and North Africa provide similar information on an
hourly basis for their respective regions. Air quality and its health impacts are also becoming a
higher priority; the Multi-Angle Imager for Aerosols (MAIA) mission planned for launch in 2026 is
the first explicitly public health-focused mission of the US National Aeronautics and Space
Administration (NASA), and includes both ground-based and space-based components as well
as planned epidemiological studies to better connect aerosol concentrations and properties
with their health impacts in several cities across the globe.

Satellite data complements ground-based measurements by capturing spatial patterns
and trends not observable using spatially limited in-situ measurements [45]. Satellite data are
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also suitable for the detection of emission sources (e.g., wildfires and point sources such as oil
and gas fields) and the development or validation of emissions inventories using a top-down
approach [46]. An inability to directly measure near-surface pollutant concentrations is a notable
limitation of satellite data in air quality applications; other information is needed to connect
remote sensing data to the near-surface conditions most relevant for human and environmental
health. The inability to make certain measurements at night or under dense cloud or smoke
conditions can also bias a purely satellite-based analysis toward clear-sky daytime conditions
[47]. Thus, while not sufficient on their own, satellite-retrieved data can be used in conjunction
with other data to gain a comprehensive picture of air pollution.

Publicly funded agencies that operate satellite missions, such as NASA and ESA, have
mandates to make their data open. While commercial satellite data providers are becoming
increasingly relevant for optical and radar imagery, they are as yet not prevalent in the provision
of data in spectral bands relevant for air quality (although this may change in the future), and the
highest quality satellite datasets for atmospheric pollutants remain available cost-free.
However, there are still barriers to accessibility and usability which limit the openness of
satellite data. Large file sizes and unfamiliar, sophisticated data formats can make these data
inaccessible to those without appropriate computational resources and subject matter
expertise. The myriad of missions and datasets to choose from can also be overwhelming to
new users. These problems, however, have been recognized and there are institutional efforts to
address them, e.g., via NASA's Open Science initiative, NASA Applied Remote Sensing Training
Program (ARSET) capacity building, and NASA Health and Air Quality Applied Sciences Team
(HAQAST) partnerships with data users.

Modeling

Modeling via numerical simulation of air quality is important for better understanding the
processes affecting air quality and providing context for observations. It can also be useful for
forecasting and prediction that enables protection and informs action. Atmospheric
composition models, such as zero-dimensional box models, transport models, or global
three-dimensional (3D) models are particularly useful for forecasting future air quality and for
running counterfactual simulations to investigate policies aimed at improving air quality.
Creating a realistic model simulation, however, requires information on historical and/or
projected emissions of various pollutants. Observational data are also required to validate
model performance. Finally, observational data can be used to update and adjust models to
bring them more in line with real-world conditions via data assimilation. In all cases, the open
availability of these input data would facilitate their use. Open provision of modeling results is
also an important consideration to support open science (e.g., even those without the resources
or expertise to operate the models can still analyze the outputs). Open model architectures (e.g.,
those based on open-source software and allowing for community involvement and updating)
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and open modeling platforms (e.g., accessible computational resources such as cloud
computing) are further dimensions to consider regarding the openness of modeling.

Derived datasets

Derived datasets synthesize other air quality information, such as in-situ measurements
and satellite remote sensing data, using numerical and/or statistical modeling, often with the
goal of producing spatially and temporally complete datasets. Creating derived datasets can
also reduce biases and uncertainties versus a single information source, especially in the case
of relating satellite and/or atmospheric model outputs to surface-level pollutant concentrations
and air quality. A common example is land use regression models, which use spatial
characteristics of land use and cover to extrapolate from sparse in-situ measurements to
spatially complete exposure maps. In many cases, derived datasets are customized and
adapted to a specific study domain, time interval, and objective to maximize their local
applicability and relevance in a specific use case, at the expense of generalizability. There are
also more explicitly general datasets, such as global atmospheric composition reanalyses (e.g.,
MERRA-2 CAMS EACS4) and derived datasets for PM, s (e.g.
https:/sites.wustl.edu/acag/datasets/surface-pm2-5/) [48], which aim for global accuracy at

the potential expense of applicability to local and hyperlocal conditions (e.g., [49]).

There are innumerable approaches to creating such derived datasets, which have
different benefits and drawbacks and rely on different assumptions, leading to potentially
different outputs for what are ostensibly the same quantities. The variety of such derived air
quality datasets can be a strength or a weakness. On the one hand, it can be difficult to know
which dataset is suitable for a particular region or application, versus those that might have
biases or make assumptions that are unsuitable. On the other hand, if these datasets are openly
available and interoperable, it may be possible to quickly test multiple datasets to find the one
best suited to a particular use or to use several datasets via an ensemble approach (e.g., [50]). It
is also important to have access to other open data, especially in-situ measurements, both for
developing new and validating existing derived datasets; the lack of such open data will bias
derived datasets towards a better representation of regions with more open data.

Data Repositories

Data repositories where users can contribute data and metadata (i.e., descriptive
narratives or references accompanying the air quality data) are a go-to resource for many air
quality researchers. Table 2 shows some examples of platforms that aggregate and share air
quality data. Many of them allow user contributions; others perform the search of air quality
data sources themselves.
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On the other hand, many air quality researchers use generic open data platforms like
Zenodo, osf.io, or other online data commons that host any type of data set (not just air quality)
to provide their datasets publicly [51-54]. For example, a project called SensEURcity (“a
multi-city air quality dataset collected for 2020/2021 using open low-cost sensor systems”),
which involves open-source sensors (developed by the involved research groups), provides their
data and metadata publicly and freely through Zenodo, an online platform funded by CERN,
OpenAIRE and the EU [55]. Similarly, the QUANT project [52] has made its multi-year,
high-resolution measurements (both reference-grade and sensor data) and metadata available
through CEDA for 14 commercially available sensor brands [56].

Table 2. Some examples of third-party platforms that aggregate and share air quality data and

metadata.
Organization or entity Website URL Description
OpenAQ https://explore.openag.org/ Aggregates and harmonizes open air quality data from across the globe onto an
open-source, open-access data platform
Berkeley Earth https://berkeleyearth.org/data/ Data accessible at the global, national/regional, and local levels. Source and

intermediate data are available as well.

sensor.community

https://sensor.community/ Community-driven, open environmental data where users can submit air quality
data from DIY sensors

AQICN https://aqicn.org/ Real-time air quality information (air quality indices) available globally
canair.io https://canair.io/ Citizen science project using mobile and static sensors to measure air quality with

cell phones and low-cost technology

Some data repositories more specifically serve data related to air quality. For example,
the World Meteorological Organization's (WMO) OSCAR is a “resource developed by WMO in
support of Earth Observation applications, studies and global coordination.” From here,
quantitative, user-defined requirements for observation of physical variables such as those
related to weather, water and climate can be accessed. Specific information on all earth
observation satellites and instruments, and expert analyses of space-based capabilities may
also be accessed from OSCAR. The Tropospheric Ozone Assessment Report (TOAR), provides
access to long-term ozone measurements from over 10,000 stations around the world as well
as satellite, aircraft, and model data [57]. All data are freely accessible for research and have
been used across air quality and climate change assessments at national and global scales [58,
59].
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Visualization and analysis

Finally, there are openly available online platforms for visualizing air quality information.
These are often created by the data providers or aggregators, with the goal of facilitating
accessibility of their data, especially for those without the expertise or infrastructure needed to
work directly with the raw data. For example, open platforms for satellite data visualization
include Worldview, Giovanni, VEDA/JPL data mapper, FIRMS, AerosolWatch, JSTAR Mapper,
RAMMB/CIRA, EUMETSAT viewer and CAMS; these resources provide visualizations of data
from various missions relevant to different aspects of air quality, along with the ability to
perform basic analyses or comparisons. The US EPA provides AirNow, a popular tool for air
quality information, along with the Fire and Smoke map. Many companies that provide
dashboards for their air quality instruments also provide data visualization capabilities, often
relying on publicly available data.

A key advantage of these platforms is increasing the accessibility and usability of data
by non-expert users, as well as allowing experts to easily browse databases in search of events
of interest for further analysis. A risk of such platforms, however, is that their simplified
representations of data may obfuscate nuances, leading casual users to incorrect conclusions.
The balance between accessibility and clarity of data representations is an area of ongoing
development and dialogue between the data experts and their user communities.

Challenges

Themes that emerge as challenges include data accessibility. Considering what is
“accessible” may depend on the user's perspective. For example, accessing online air quality
platforms may require stable internet connectivity, and can be an initial barrier to access. Other
times, it is the technical know-how in interpreting and analyzing the data that proves to be a
barrier to access, especially in underserved communities. Some of the key challenges are
outlined below, along with potential mitigation strategies.

Data generation. A potential barrier to collecting air quality data is the maintenance
needs of reference-grade monitors. Specifically, maintaining such monitors is hindered by
limitations in access to necessary resources, supplies, and spare parts, coupled with the
requirement for specialized technical skills. These barriers may be overcome by leveraging
international expertise and partnerships. Intercountry and local government air monitoring
efforts, as well as air monitoring projects by non-governmental organizations (such as
academic institutions, community-based organizations, civic groups and citizen scientists), are
also increasing worldwide [13]. For example, some countries participate in a regional
intergovernmental effort that includes monitoring, such as the [nternational Centre for
Integrated Mountain Development (ICIMOD) which serves the Hindu Kush Himalaya region and
Air Quality Central Asia which supports monitoring in Kazakhstan, Kyrgyzstan, Uzbekistan and
Tajikistan. Breathe Cities is a combined initiative of a growing number of global cities to
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combine data from stationary and mobile air sensors with grassroots campaigns to build
awareness of air pollution and support municipal action. One of the cities is Accra, and their
data is made available through https://breatheaccra.org/.

Data sharing. There are reasons why sharing data might not be seen as beneficial. For
example, Ivey et al. mention that traditional academic practices become problematic when
researchers pursue “helicopter” or “parachute science,’” where data from communities are
published without representation or validation of accuracy from the community being studied
[25] or the government authority operating the monitors. These practices can lead to data being
preemptively closed and unavailable to the public, but can also lead to hampering action that
benefits environmental and public health. Another reason is the threat to data privacy and
security: as data platforms increasingly incorporate real-time hyperlocal data (e.g., from sensors
or monitors in communities), issues around data privacy and security become significant,
requiring actions to protect sensitive information while maintaining openness.

When data sharing is warranted, however, upstream mandates requiring open data with
specific stipulations could be influential and necessary for open data access. For example, in
the United States, projects receiving federal funding are mandated to provide accessible data.
One example of a platform that results from such mandates is the Climate and Health
Outcomes Research Data Systems (CHORDS) platform of the National Institute of
Environmental Health Sciences: (https:/chordshealth.org/). The European Union (EU) also
requires its member states to provide up-to-date ambient concentrations of various pollutants
[60]. One example of a portal from the EU is https://agportal.discomap.eea.europa.eu/. In
addition, there are also philanthropic organizations that specify and outline definitions of
“openness” [61, 62]. However, funding limitations and platform sustainability could be put in
jeopardy when grant funding or governmental support, which may not be permanent, is not
sustained. For some countries, monetizing the data is a way to raise funds. This poses a risk to
the long-term storage and availability of air quality data, especially in regions where funding is
limited. Long-term data storage can be both a logistical issue and dependent on the current
state of government affairs. For example, in early 2025, U.S. EPA EJScreen, a tool used in
operation since 2015 to explore disparate pollution impacts, was retired without ample public
notice. Likewise, the NASA SERVIR program, a partnership between NASA and the United States
Agency for International Development (USAID) that provided support for international
dashboards, was scrubbed and removed from NASA websites after abrupt funding freezes and
firings at USAID.

Disparate data types, formats, and applicability. Overlapping data from different sources
can make it difficult to tell what dataset to use in what situations. In these cases, flowcharts like
what NASA HAQAST provides can be very useful (see https://hagast.org/data-and-tools/). Large
datasets can be difficult to download and manipulate and can be offered in formats unfamiliar
to health practitioners and researchers. How remotely sensed data relates to surface air quality
may be unclear in some instances, e.g. in what conditions can aerosol optical depth (AOD) be
used as a proxy for ground PM, s? Models can have bias errors, especially when compared to
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hyperlocal air quality. For air quality monitoring required by regulation, air quality data collected
may still be widely variable in terms of data accuracy, spatial distribution, and temporal
frequency. Harmonization may or may not fall into the responsibilities of the complying body.
Some governments may develop and impose data formats and data standards to reduce
barriers to access. In addition, “data intermediaries” i.e., third-party aggregators and
harmonizers, can benefit the community by performing harmonization [66].

Computational power. Users might face challenges in the implementation of complex air
quality models. Effective models might be constrained by the need for robust infrastructure and
sufficient computational power, which might not be accessible to users unaffiliated with
research institutions. For example, many users who only rely on personal and laptop computers
may lack the computing resources needed to work with large datasets. Easy-to-use platforms
(e.g., NASA Worldview and Giovanni) can allow users to work with datasets without having to
download and manipulate large files.

Exposure misclassification In-situ, satellite-derived, and modeled data are almost
exclusively measurements or estimates of outdoor air concentrations and often at large spatial
scales. However, air pollutant concentrations can vary widely across distances and outdoor
concentrations are not always representative of those experienced indoors. In general, air
pollutant concentrations are lower indoors compared to outdoors, but can be elevated, often
dependent on occupant behavior [67]. For example, Chambliss et al. found concentrations of
ultrafine particles measured by mobile monitoring sites to be more than twice as high as
concentrations provided from land-use regression models [49]. In LMICs in particular, indoor
exposures to air pollution can be quite high in areas where solid fuels are used for household
cooking and heating and contribute substantially to respiratory disease burden risk [68]. When
using open data containing concentrations of outdoor air pollution, researchers, policymakers,
and the public should be aware that these concentrations are not always reflective of actual
exposures.

Misuse and determining appropriate levels of use. Assessing what level of rigor and
accuracy is necessary for different purposes and objectives is helpful such that potential
negative impacts from the misuse of data (e.g., non-validated data) can be minimized. The
requirement of sensor assessment and data validation will depend on the intended use of the
data, for example, data that are used for increased public understanding (such as community
engagement and education) will not be necessary to undergo as much quality assurance as
data that are used for legal and policy actions, such as regulatory standard setting and
enforcement [69]. Post-processing algorithms may or may not be necessary depending on the
purpose. Open data availability impacts conversations and policy action on air quality.

Perspectives and Future Recommendations
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When thinking about “openness”, data providers should be guided by a framework that
allows an open data platform to increase its impact in data-scarce regions, such as LMICs in the
Global South. Third-party aggregators and data intermediaries can also help ensure that
platforms that serve data-scarce regions equitably can exist. Addressing gaps in technical
training can make open data impactful.

Ultimately, in-situ “ground truth” data will always be needed. Efforts should be made to
support existing monitor networks with infrastructure, resources, and local technical capacity
building, as well as to expand and supplement these networks to close global data gaps, and
finally, to encourage and support openness for the collected data. Support for such efforts
should be international in scope, considering the global public good provided by these data.
However, efforts should be locally directed to ensure that community needs are being met and
local conditions are taken into consideration. To further enhance the utility and accuracy of
satellite data, there is a critical need to expand ground-based measurement networks (e.g.,
AERONET and PANDONIA), particularly in LMICs, to support robust validation of satellite-derived
products. Additionally, the current predominance of geo-stationary satellite missions in the
Northern Hemisphere highlights a geographical disparity that limits their applicability to other
regions [9]. International multilateral agencies should consider funding projects aimed at
expanding this coverage, which would benefit the entire world, especially considering that
entangled issues like air pollution and climate change require a global perspective. Existing
global networks can be leveraged to increase capacity (e.g., enabling local managers and citizen
science groups to effectively use its data).

Simple and accessible tools are needed to bring together multiple sources of
information and easily make appropriate comparisons between them. Co-development of these
tools between subject matter experts and data users is essential to ensure they provide
trustworthy, actionable information. The tools themselves, as well as their development, should
follow open science principles.
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