L'Observatoire de I'air en lle-de-France

Use ofHybrid Air QualityMonitoring Systems
through Partnerships

Asia Pacific Communities of Practice on Air  Quality 2" Technical Meeting - Airparif| 10.09.2021
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IAirparif: Presentation and context




—r Air pollution monitoring in France

U TheFrenchAir Act(1996) provides that apollution ismonitored byindependent regional
organizations

U Diversified governancgathering: '
A National authorities and public agencies ATl mo
A Local authoritieqincluding Paris Municipality and Region) —" :‘-“&m ¢
A Industries and economic actors e T /
A Experts and NGO@nvironment and consumer protection) o e | /

=) |ndependence, transparency and dialogue = N ;

U Airparifis theair pollution observatoryfor the llede-France region: s | & e J
A Setupin 1979 i i S (/ !
A Accredited by the French Ministry of the Environment = == 'ﬁ“

U Four key missions:
A Monitoring air pollution
A Understanding and analyzingtmospheric phenomena
A Assessing and advisirdecisioamakers and citizens
A Supporting scientific, technical and socialovation

mp How can the use of micrsensors and satellite data help fulfill these different missions?



/4 Monitoring system in Paris Region: already an hybrid system
'““@ relying on combined use of tools

Reference network
stations + diffusion tubes

l

Emissions inventory
e.g. Traffic real time data

https://wwwe.airparif.asso.fr/surveiller _ -la-pollution/les -emissions
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Modelling tools

- Forecasting plateform (background)

- Traffic + Background: high resolution (10m in Paris)
Updated every hour & 5 pollutants

https://www.airparif.asso.fr/surveiller _ -la-pollution/la -pollution -en-direct -en -ile-de -France
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No perfect tool depend on the needs

Different needs compliance checking, mapping, forecasting, informing, scenario running, impact
assessments

Continuingdevelopments change in the cocktail of pollutidpollutants, levels) and permanent

technological change



https://www.airparif.asso.fr/surveiller-la-pollution/les-emissions
https://www.airparif.asso.fr/surveiller-la-pollution/la-pollution-en-direct-en-ile-de-France

,A,R@ Key issue: Data quality and Air pollution expertise (analysis)

Data must be trusted and indisputable calibrationlab

u used by all the stakeholders :
- Authorities
For the mitigation plans
In case of court cases

- The general public and the media
To be informed, to raise awareness
For comparison

Or legal issue

- Researchers

- Economic playergleveloping products and services
X o

u In a context where Air pollution is a sensitive issue :
health (+ COVID enhanced effect), environmental (+link with climate change),
economical (labor cost, cities attractivenessikpollution» marketX 0
regulatory framework and legal disputésansboundaryNB £ | G A 2 y & KA LJ&a X

C mediatisedand political issue where every pg/m3 and persons exiosed couni "
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I Testings/ developments /research




TN

.A.nw Evaluation of low cost sensors : AIRLAB Microsensors Challenge
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A Periodic evaluation campaign

A

Dedicatedto commercially availablenicrosensorbased measuremenproducts

Aims at:

Linking sensors and their useepresented by the categories
Determining and providing information on timeost relevant sensorby category of use
Establishing éechnological state of the arbf arapidly evolving field (both sensing

technology and algorithms)

Advising possible users I dzl K2 NA 1 A S& =
Supporting innovatiornto improve sensors.

Method

in realistic conditions
Based on multiplparameters
iIs NOT a certification toal

Associatednternational expertise

Evaluation panel

Workshop: feedbacks and lessons learned
(including US ERA2021 edition)
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Test of microsensors in real conditions
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'AIRLAB

— SOLUTION!
POUR

MICROSENSOR CHALLENGE NOTRE
EDITION 2021

To challenge and to compare different microsensors to help the choice for users, in
complete independence




Outdoor Air (OA) Indoor Air (1A) Citizen Air (CA)

Monitoring (OA-M) =  Monitoring (IA-M) =  Exposure (CA-E)
Awareness (OA-A) =  Awareness (IA-A) =  Awareness (CA-A)

Vehicular (OA-V) Piloting (1A-P)
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~AIR Example of a result sheet for sensorson www.airlab.solutions

“AIRLAB

Detailed test results

‘AIRLAB

# ACCURACY on 3 microsensors based on the SET method (Fishbain & &l 2017)
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MICROSENSORS CHALLENGE

Commercial name # ERGONOMICS

Use for which the evaluation was the best : Outdoor air monitoring 0 . 4 u@
data rcavary
OA-M Wy data visiuzation

Jury's opinion

Multi-pallutant station for measuning outdoor ar
quality. The particulate matter (PMo, PMas and
FM,) measurement qualty has been imgroved
compared to the previous Challiengs edition
reaching a good level of performance. The
MO and MOy have remained consistently very

good. while the O. perormance ls awerage. Pictu re

Eacy to ingtall and deploy. its date access and

wvisualization via the cloud interlace hag ssen a = # RELEVANCE of the measured pollutants : number and stake of the sensor's measured pollutants in view of
massive Imgrovement. Because of its high cost, itz competing categories (OA-M)*
it remains & prolessional dewice, Inaccessible
o private users. Mote : Becauze of a technical .
problem not cassed by the candidate sensor in 4 - 4]
iselt, the PM results of one of the three 12st units
were Invalidated. # PORTABILITY' "
Evaluation Measured pollutants
Dt ircen O cHp @ No, (NO)
O eco &o # COST investment and running costs over 3 years
O co, @ M ;
O voc & M, i él
OHs & P, il I
i utanoeny is anly
) wH, q
& wo nurnber
trafion)
[Entreprises/C: i
Other measurements nireprise/Company i Partenaires du challenge/Challenge’s partners
ADDAIR " .
Evaluated uses (& Temperature  &F Atmospheric pres / 2 Y- LJl rwrééy é ""w O=
& Humidity ) Luminasity ) _.;I - . —
- ~ AtmS C5TO <reor WEMP  crcie
O 0daurs O Acoustic country, an d contact - '
O eps 1 rramete B
O eps () Anemmarmetes @ fol:  @veous (@)

Data storage location : Europe “"@

http:// www.airlab.solutions/sites/default/files/presse/brochure 2019 -gbrsion%2010.02 O.pdf



http://www.airlab.solutions/
http://www.airlab.solutions/sites/default/files/presse/brochure_2019_gb-version%2010.02_0.pdf

Strong Public/private/research involvement

>AIR

. EVALUATION PANEL (2021
AI R LAB public /private/ research ( )

local/ national/ international
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@ Use of low cost -sensors for ambient air monitoring
A For Knowledge improvement

— ~.

Bloombe >
Phil&llﬂ]_[i%PieS P\K Lﬁ uI gs Al RW

Air Quality around 44 Parisian Schools

(2020)
https://www.airparif.asso.fr/etudes/2021/pilofproject-better-
understandair-quality-parisianschools

Experiment: addedvalue of amicrosensorsietwork in addition to the existing reference
network ?

- Paris network : 17 stations, 10m resolution model updates every hour for 5 pollutants
- Additional measurement from the street and in schoolyardd50microsensorg NG, and
PMZ2.5) associated with diffusion tubes (Nfo check theirfunctionning

Feedbackdased on Paris context (AQonitoring network and & pollution levels)

1 PM usensors : possible use in background conditions; the algorithm needs to be
improved; no additional information compared to existing stations.

1 NG, usensors : not usable at all. Better information is provided by the diffusion tubes.
9 Total cost + environmental impact?
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"““w Use of low -cost sensorsin ambient air monitoring
for impact assessment
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Experiment: possible use ofmicrosensorsn a monitoring campaign to assess the impact
of mitigation measures?

- Paris network : 17 stations, 10m resolution model updates every hourgotltants,
traffic model with real time information

- Additional measurement #80micro sensors ( NGand PM2.5) associated with diffusion

tubes (NQ)

Feedbacks

T Sensoryet not reliableenoughto assesshe impact of publigolicieson airpollutant@
concentrations lfigly sensitive issue)




@ Use of low -cost sensors for citizen science

>AIR

Respirons mieux dans le 20°me

Accompagnement de projets .

citoyens ' -
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« Lycéens, collégiens, prenons notre air Jeifid
en main » ey
Co-construction d'un kit pédagogique e
Experiment: educationand awareness Experiment: change irbehavior?
raising Citizen participation, traininggdditionalambient
800 highschoolstudents air measurements sociologicaktudy
"@ - N ==
ER =7 o= ik {0 +
= = SIRA -an i ONU®@ 9 20 R
Feedbacks

A Evenif the datais not reliableenough the variations in concentrations help
to raiseawarenes®n the sources of pollution

A Real driver ofinderstandingpf air quality (objective perception)

A Training andpedagogicabupport areneeded

{1 Developmentof skillsand knowledge change irbehavior



Use of low -cost sensorsin ambient air monitoring:
Fixed and mobile sensors, added value for modelling ?

>AIR

large monitoring network of 60Gnicrosensorst perceptionsurvey
500 mobilesensorqon carsand bicycles) and 1(tked

MEASUREMENTS AND PERCEPTIONS "AIRLAB
AN EXPERIMENTAL AND INNOVATIVE PROJECT o
. funded by #5898 nce e
oy nw @eoptis
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DATA
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AUTOMATIC
DATA VALIDATION
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VALIDATION
INTEGRATION
MODELLING
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~AIR Hybrid monitoring system: use of satellite data

Nasal AIR@uAlity
Obspryations from Space

Home. Pollstants = mpacts =

Input data (Models):

Meteorologicaldata (forecastsystems)
Landcover(urbanisedareas,plant cover,soil humidity)
Topography

o Do o C

Qualitative information

Boundaryconditions

Largescalepicture andair pollution transport

Better understandingof air pollution phenomenale.g. dust,
marinesalt,BX)

Longterm trends

Specificsources largescalefires, ships

To Do Do

To o

Research improvementof emissionsnventories
Reversanodeling(APandGHGS)

To

i CurrentsLimitsC to beimprovedwith the next satellites?
A Resolution(severalkm): too largefor mostcities
A Updatedependingon the numberof orbits : no temporal continuity

A Accuracymost satellitedatasets: integrationof the whole atmosphericcolumn)
A Cloudfree conditions

A Costof the data?



>AIR
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Qualitative use of satellite data :
Broader picture of large -scale events

Impact of the 1siockdown- March 2020- NG, and NQ, concentrations

ParisRegion France (CopernicusSentineisP)

groundmeasurmentst highresolutionmodel
+ Elincludingtraffic real time information

Impact du confinement sur les concentrations de NO2

igim3

17-03-2020 au 23-03-2020

o

Main improvement related with traffic restrictions: NO2
A Backgroundfrom -20%downto -35%, despitemore heating
A Downto -50%alongthe traffic
Lessimpacton PM (-7%): multiple sourcest weatherconditions
+ heating(wood burning)+ agriculturenot concernedby the restrictions



>AIR
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I Lessons learned é




A Hybrid network: where we stand in the Paris region

A Alreadyin place

T | evr s T : A Partiallyused

i yuse

i Boundarycondition Wegther | Stations A Testing research
(nestedmodelg Fry ' Satellites improvementsneeded
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+ microsensors
(2ways dataquality check
Algorithmimprovement+

calibration)
Satellites
L S 8 | GFS Useof the GDAS (Global" :
Data Assimilation System PG, maxina oumaleren ugms 3
Satellites; Copernicus from NCEP = — R
atmospherianonitoring servicx ‘/ Data assimilation ! e .
[calibration / .

Topography
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cranaSBERE

Eg Forecastinglateform

Multiple skillsneeded:
Air pollution +metrology+
Emissionslgventory) modelling+ datatreatmentb L&

Landcover . . - L :
_ _ Satellites +atmospher|onversemode!hngs_ystem propervalldatlon andnterpretatlon
Satellites Copernicus Europearatlas offorestbasedon satellite- biogenic

Land Monitoring Service Marscrop yield forecastingystent aon




—AIR Lessonslearned : context

Lessondearnedfor the situation in the ParifRegion

v With specificconditionsthat playa role in microsensorsneasurements
A Weatherconditions (T and humidity)
A Air pollution «composition» andlevels

v And agivenmonitoring network (stations /campaigng emissionsnventory/
highresolutionmodel)

A Expertisedevelopedsincel979
A And strongpartnerships




