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Despite challenges, low-cost sensors (LCS) represent a
key tool for filling gaps in existing global and local air
quality monitoring networks and contributing information
for policy-relevant air quality products.

Methods that use networks of LCS with tens to hundreds
of sensors and combine LCS data with other information
sources can provide a deeper insight into the causes and
conseqguences of poor air quality.

Known LCS data quality limitations should be explicitly
accounted for in such application methods.

LCS networks require physical and cyber infrastructure,
technical capacity, community involvement, and
institutional and financial support for effective sustained
operations leading to positive societal impacts.
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Low-cost air quality sensor systems (LCS) are a key
emerging class of technologies for expanding policy-
relevant air quality analysis, including assessing
levels of pollution, identifying sources, and
producing forecasts.

Previous WMO reports have dealt with LCS data
quality on an individual unit level, as in “An update
on low-cost sensors for the measurement of
atmospheric composition”, WMO-No. 1215, 2020.

This report expands the scope, considering the use
of LCS at a network level and integrated with other
information sources to support various applications
in air quality assessment and analysis.
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Chapter 2: Introduction

* LCS trade lower data quality Multi-year
and specificity for lower per-
unit purchase cost, allowing
iIncreased coverage.

Annual

 LCS occupy a niche within a Seasonal

larger system of air quality

: , Daily
observation and modeling.

TEMPORAL SCALE

 Additional sources of air quality Hourly

information include regulatory
grade monitors (RGM), satellite
remote sensing, and local, Point Local Regional  Global
regional, and global modeling. SPATIAL SCALE
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° S|mp[e interpolation teChniqueS can a) nearest-neighbor interpolation ) inverse distance weighting B
be enhanced by the high spatial Y0
density facilitated by LCS.

* The power of statistical mapping via
land use regression or fusion with
satellite data can likewise be
enhanced with more the diverse &
spatial coverage enabled by LCS.

kriging with isotropic covariance d) kriging with anisotropic covariance
: v-";"

* If LCS measurement uncertainties are
accounted for, model bias correction
and data assimilation are possible.
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* Dense networks of LCS allow for source .
. . . . multi-pollutant sensor
triangulation, especially when combined source fingerprinting
with wind data, and allow for detection of

more local sources. M\AJ\’L

 Multi-pollutant LCS can isolate the
“fingerprints” of many sources; even
qualitative data have been used to
produce robust source attributions.

* LCS networks can cost-effectively track
the outcomes of mitigation activities and
pollution control policies at local scales.

dense network
source triangulation
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 LCS can identify disparities in air pollutant
exposure within and between communities, temporal

. . e trend
enabling environmental justice advocacy. disparzfigs

* This requires first demonstrating that the LCS
have high inter-unit consistency (i.e.,
precision).

* Independent data sources (e.g., satellites)
can corroborate disparities identified by LCS.

e Community involvementin LCS network @
design, deployment, data collection, and

analysis can also support mitigation ‘ “ |
activities based on the data collected. . spatial

pattern
disparities
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* Lack of in-situ data for epidemiological studies

Outdoor
Is a critical issue for low- and middle-income ‘ Meteorology ] i Erenzcazn J { gggfczrs J
countries which LCS can begin to address. Sources

° Quality_controued LCS data Combined W|th "l\llllll IIIIIIII}A"

» a
other information may support more spatially E Cori:l;t:t?gtrion} i@nil‘i‘i.‘-’;ﬁon} E
focused, short-term health studies. . N 7 :
4 - TE Ty
* Qualitative insights from portable and wearable bGS*Q P [9\0 ' :(gu r‘J Iitres
LCS can help individuals take action to Social Risk | m personal = [l| Biological Risk
reduce their personal exposure and risks. FRetors :‘ Exposure | Factors

.0
* Ensuring the privacy of personally identifiable \ 1 /

health data is needed in such applications.
Health Effects
7N Gardner-Frolick et al. (2022)
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* LCS networks can improve short-term, localized |
forecasting from regional or global air quality
models, supporting advisories and warnings.

statistical correction
with local data

* Characterizing uncertainties in LCS data,
including connections to meteorological factors,
are key to their use in forecasting. | : |

regional/global
model forecast

* LCS can provide data for evaluating model

forecasts where RGM networks lack coverage. near-term
e Latency, quality (i.e., accuracy and uncertainty) Witfﬁ:i:}enst
and spatial representativity of the LCS data are i iormation
key factors for long-term performance forecast @ O
evaluations or near-real time validation. ®
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* LCS data should contribute
to a data-generating process
(DGP) that provides
information for stakeholders .
to make air quality Stakeholders o permance
management decisions.

* LCS data and DGP output / Evaluation /%’l Appliation

evaluations should mimic [ DGP Developer -
the intended use case as
closely as possible.

operational support

identified needs

defined objectives

data products

* Well-defined, transparently LCS performance should be evaluated for its intended use-case,
reported methods and compared to baseline methods for the use-case not using the LCS data
metrics should be applied for
data quality evaluation.
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* Air quality monitoring

RGM mobile:
In-situ network

. ID potential
network d@Slgn ShOUld be 2 calibration
guided by the intended use 5ot
of the data anditsrolein == applications
making air quality - —
management decisions. location

Exploratory: find
hotspots

Transfer
standards
Technical
training

Infrastructure
power, data

barriers

LCS can support exploratory = (s )
analysis, network expansion

planning, supplemental —
monitoring, and emergency

response deployments.

Fenceline monitoring

Emergency response

Private ad-hoc

LCS are one of many tools (puieimaaty (_noprioraaas )
which can contribute to a E Sttstalor
monito ring netWO rk Strategy. <Calibration suitability) prior AQ data
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Physical Infrastructure
* Equipment and spare parts
* Suitable siting for sensors
* Power and communications

Cyber Infrastructure
* Data storage and processing
e Common formats and standards
* Accessibility and interoperability

Technical Capacity
* LCS operator and network manager training Technical Capacity
e Sharing of best practices and guidance
* Public outreach and awareness

Financial and Institutional Support
e Sustained funding sources
* Community involvement Financial Resources
* A pathway from data to action
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 LCS can be useful tools for acquiring air quality pattern and trend information.

* In regions lacking air quality RGM, LCS can provide the first insight into local air quality,
guiding further investigations and prioritizing mitigation strategies.

* In regions with existing RGM, LCS can supplement these with local near-real time data.

* Assessing LCS performance in the target environment via RGM co-location is
recommended wherever possible to better support quantitative applications of LCS data.

* When this performance is appropriately accounted for, LCS networks have tremendous
potential to enhance air quality reconstruction, forecasting, source identification, and
health and environmental justice applications.

e Sustained and attainable funding is needed to support LCS network design, deployment,
management, data storage and analysis, and translating LCS data into insight and action.
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Thank you!
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Low-cost air quality sensor systems (LCS) are emerging
technologies for policy-relevant air quality analysis, including
pollution levels, source identification, and forecasting. This
report discusses LCS use in networks and alongside other
data sources for comprehensive air quality applications,
complementing other WMO publications on LCS operating
principles, calibration, performance assessment, and data
communication.
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