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Supporting Atmospheric Compostion Services:

Data integration — Low cost sensors
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The WMO Global Atmosphere Watch oy
(GAW) Programme

Drivers: Global societal needs
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Advance and enhance science,
services and infrastructure
related to atmospheric
composition, and support policies
for society through applied
research aimed at

Improving the understanding of the
roles of aerosols, reactive

gases, stratospheric ozone and
greenhouse gases and their
Interactions in the Earth System
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Science for Services

Advance the application of atmospheric composition information in support of
policies and conventions, and expand societal services related to air quality, human
and ecosystem health, climate change and food production.

Deposition to ecosystems and crops + climate action
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Information System
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s Science for Services
Advance the application of atmospheric composition information in support of

policies and conventions, and expand societal services related to air quality, human
and ecosystem health, climate change and food production.

Warnings and Forecasting Services
Model intercomparisons

MULTI-MODEL Dust Optical Depth (550nm)
Valid: 00h 18 Apr 2023 (H+12)

S — Vegetation Fire and Smoke
Pollution VFSP-WAS

purple: low emissions
yellow: high emissions

Sand and Dust Storm SDS- WAS ; big circle: large fire events [




Infrastructure for the development of services :@

Monitoring

746 active
global/regional/urban/
stations in 112 countries

Central
Facilities

13 countries are hosting
GAW central facilities

Forecasting

21 countries providing daily

forecasts
WORLD
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GHG emission information systems — IG3S city projects
Forecasting - Model Intercomparisons:

Wildfires
Air Quality

WMO INFRASTRUCTURE - WIPPS
Regional Specialized Meteorological Center with activity specialization on
Atmospheric Sand and Dust Forecast (RSMC-ASDF)



Observational (research) Infrastructure -7
. Integration!
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https://community.wmo.int/en/activity-areas/gaw/research-infrastructure/gaw-stations
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Integrating other sources of information 4

. An update on low-cost sensors for The report reflects on the state of the art in terms of accuracy,
I Reasirsment of sincsprstc reliability and reproducibility of different sensors used for the
| i measurements of atmospheric composition along with the key
analytical principles and what has been learned so far about low-
cost sensors from both laboratory studies and real-world tests.

"W December 2020 Edited by Richard E. Peltier

The document considers specifically sensors that are designed for

the measurements of atmospheric composition at ambient

concentrations of the following constituents:

« Air pollution gases including NO, NO2, O3, CO, SO2, and an
operational metric defined as ‘total VOC'.

« Long-lived greenhouse gases: CO2 and CH4.

« Airborne particulate matter (PM) in various size classes (e.qg.
PM1, PM2.5 and PM10).
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WMO, WHO, UNEP, IGAC and EMEP (2020)
https://library.wmao.int/idurl/4/37465




Integrating other sources of information: LCS

Core components of low-cost sensor
systems (LCS) are:

Anemometer - the sensing/analytical elements used for
e~ Ma detection
: PM senisor inlet - and components that acquire, process,
Cellular . -
communications ‘ | pTe— and output data as:

enclosure o sampling capability (e.g. pump),
PM sensor o power system (e.g. batteries),

Gas sensor (CO,) \ ~

Gas sensor (VOCs) Flash drive o sensor signal processing (e.g.
Temperature and storage signal amplification),
Y T——— o local data storage,
Power | \ga;sgg?,;;z, $0,, 0,) o data transmission capability (e.g.

connector N
WiFi, 4G),
Figure 1: An example of a low-cost sensing system that is comprised of many © housmg and WeatherprOOfmg
different components. Photo Courtesy of R Jones, Cambridge University, UK

WMO, WHO, UNEP, IGAC and EMEP (2020)
https://library.wmo.int/idurl/4/37465



Integrating other sources of information: LCS -7

Low-Cost Alr Sensors
1 5 1o 25 S50 100 2500 500 L i0e0WN
Price OpEx OpEx OpEx OpEx OpEx OpEx OpEx OpEx OpEx
Hardware
FM2.5 B ND2 % I.000 g 1000 % 10000 % 10,000 % 15,000 £ 10,0000 | § L0 e | § 10,000 S 100, D0s]) £ 1,000,000
Shelter
Calibrator
Supplies
Supporting
FW 510 % 150 % 150 L 1.500 %1550 g 1.500 % 15 000 L 17500 g 1%.000 % 150 =00
Arinual
MaintEnance 5158 £173 %183 £ 1520 $1.31% 3 1625 L L £ 13.1:2% g 16.2%0 g 172500
Discount (%] 0% 0% 0% e 0% 10% 10% 10%, 5%
Discount
[amit ] 51 51 51 $1 -4 1_308& -§ 13328 -4 13,083 -8 16,125 -5 130525
Subtotal g 1. 333 § 1613 § 13,228 § 13.063 £1281% | £ 119028 | € 157 843 | 4§ 195138 4 151 875
Software
Ciata Mgmit. Ian % 100 % 100 % 1 00D % 1.500 g 1. 00D % 10, 00m % 15.000 g 10,000 % 10 (=00
Disoount (%) 0% 0% 0% oes 10%% 155 1560 155% 5%
Disoount
[amit. ) $1 $1 1 %1 -4 100 -4 1_50d -4 1_750 -§ 1.50:) -§ 15 000

WMO, WHO, UNEP, IGAC and EMEP (2020)
https://library.wmo.int/idurl/4/37465



. An update on low-cost sensors for
the measurement of atmospheric
composition

Temporal Vanability Spatial Variability Compaiisons Trends

! December 2020 Edited by Richard E. Peltier -
Pollution is highest in'the One location has hecher “One location exceeds AQ “A certais type of pollutant is
morming poliution than another guidelines, while ancther ncreasing b% per yearina

location” location doas not” jocation”

Researcy Networks (e.g. GAW)

Regulatory Networks

Satellite Observations Satellte Observations

gﬂb‘“‘fv Days to weeks Days to moiths Manths to years Months to years
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WMO, WHO, UNEP, IGAC and EMEP (2020)
https://library.wmo.int/idurl/4/37465
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Integrating other sources of information: LCS o7

. An update on low-cost sensors for
the measurement of atmospheric
composition

December 2020 Edited by Richard E. Peltier

Recommendations for manufacturers:

"More information on sensor lifetimes and degradation over
extended periods of time is needed. Most research evaluations
of sensor performance are limited to weeks or months and there
Is a lack of information on changes over the annual timescale
and longer. "
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Integrating other sources of information: LCS
@REWS WARNING SYSTEMS

ews & Events ¥ AboutUs ~
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&a\} Barcelona Dust

who Regional Center

Daily Dust Products
For PM forecast evaluation, the Izana
Atmospheric Research Center (IARC-AEMET)
is interactive visualisation tool allows you to access dust forecasts from different numerical models and dust-related observational products. To find out how to interact with it, Conducted an intercomparison Of diﬁerent Iow_

please watch the Video Tutorial or download the User Guide and read the Documentation. The Wamning Advisory System has been developed thanks to the co-funding support of

' " cost sensor in Tenerife, Canary Islands *
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Concentration

Forecast Evaluation Observations

Models v Barcelona Dust Regional Center - Mali WAS.
Expected concentration of airborne dust.
Issued: 20 Mar 2024. Valid: 20 Mar 2024

Probability of B rormal *
exceedance e High
I Very High

B =xvemsiy High
Warning Advisory
System

BURKINA FASO
SENEGAL
CHAD

E Plantower PMS5003 —
Sensirion SPS30 — Nova SDS011 — DUSTO11 DUSTO012
DUSTO010

MALI

NIGER

CAPE VERDE
MAURITANIA

APPLY

Amet

[ Agencia Estatal de Meteorologfa

© & DOWNLOAD 20 MAR 2024 o




% . GLOBAL

(8
ATMOSPHERE
WATCH

Integrating other sources of information: LCS

SCO - Piscina Municipal PM10
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Comparison for low
concentration events
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SCO - Piscina Municipal PM2.5
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SCO - Piscina Municipal PM10
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Integrating other sources of information: LCS

SCO - Piscina Municipal PM25 **CORRECTED & MERGED**
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Integrating other sources of information: LCS

—e Emergency Response

LCS can be deployed quickly and in
areas with limited infrastructure in the
sites, industrial facilities and oil and case of an amergency, such as the

gas operations, which can impact local measurement of wikdfire smoke impacts
communities. on communities and first responders.

—e Source and impact monitoring

LCS can be used to monitor the sources
of particles, including construction

New complementary
report focusing on Air
Quality Management
applications to be
launched in June 2024

Extended discussion on
network design and
implementation
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—e Covering monitoring gaps

LCS devices are a suitable tool
10 support air quality monitoring
strategies, including in regions
where monitoring gaps exist.

Hot spot identification

LCS devices can be installed

in fixed locations; such as light
poles at street levals, 10 monitor
pollutant levels with high spatial
and temporal resolutions.

Social engagement

LCS are accessible to averyone,

favouring public engagement
and awareness, citizen science
activities, education, or provide
data for advocacy and local
empowerment.
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Thank you.

https://community.wmo.int/en/activity-areas/gaw
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