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FAIRMODE WGG6 Timeline activities

2022: Discussions about sensor calibrations. Brainstorming on sensible approach for calibration benchmark
- Benchmark based on synthetic sensor data.

2022/2023: INERIS, ISSeP and RIVM use the generated synthetic data to develop/test their selection and
calibration methods.

Jan-July 2023: work on article comparing the results on the selection/calibration benchmark. Submitted for
publication in summer.

Last half year:
* Review sensor calibration
* Longreview process during second half of 2024.
* Minor revisions.
*  Processing well-reasoned substantive commentary.
e Discussions and thinking out approach for benchmarking sensor fusion methods (next presentation).

End 2023: Publication on benchmarking sensor calibrations
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Abstract

A benchmark was perfarmed. comparing the results of theee different metheddalogies propased by three institutions 1o cali

Brate o petwork of low-cast PM2,5 sensors, on an hoarly hasis, using synhetically generated real ions and sensor
. The abj { the netwark calibrati ot the 20004 sensor measarements in the Netherlands

for the sensitivity to (local) environmental conditions, The option to use real measurements was dropped becawse the number

of low-gost sensors ¥ 40 refesence
henchmark the proposed approaches, Instead, synshetic real
locations, Hourly actual sensor and sctual fived

locations was assessed to be spatially insufficient to

exe gencrnted to enable validstion at all seasor

as well as i I maps, were used os

mnderlying data 10 generate the synthetic data sets for the period of 1 month, The syshetic sensor measunenent emors were
constructed by sampling from a collection of differences between acoaal sensor vahaes and actual measurements. Of the chree
wested calibration methads, two folkew a similar approach. alihough having differences in, .., outlier analyses and methed of
Erouping sensors, leading also wo comparable corrections 1o the raw sensor measurements. A thind method uses signiticantly
stricter mules in outlier seleetion, discarding considerably more sensors because of insufficient qualiny. Differences between
e methiods beconse most apparent when analyzing data ol a smaller tme scale. 1 is shown that two etwork calibration

e 21 December 2023

methods are beter an correcting the hourly/ilaly bias.
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Introduction standards prescribed by the Ambient Air Quuality Directive
. (AAQD) and the guidelings recommended by the World

UAVel ro J RC Air pollution is recognized 25 the world's biggest Health ization (W1 A 2022). For fine inhalabl
’ tal health risk (Lelieveld et al. 2020; WHO 2021 ). In Europe,  particles (PM2.5), the E vilue is generally met {

many cities ane affocted by poor air quality levels and ambi- 2022}, but only a few cilics manage to keep concentrations
ent concentration Jevels reguliarly enceed both the Furopean  Below the levels recommended by the WHC (Ganzilez Ortiz
et al. 2000; EEA 2022; Thunis et al. 2015; Rodrigues ef al.
- 2021, As a reference, the AAQD estshlishes an ansual limit
: :;:l::‘:«ll:‘ngs«mm " value of 25 pgim” for PM2.5 concentations, whilethe WIHO
- . - sets an annual guideline of 5 pgin’, Acconding 1o the lstest
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on air quality in Europe, the WH annusl guideline level for
PM2.5 was exceeded by all reporting countries, except lee-
land, in 2022 {EEA 2023}, Acconding 10 the lalest estimates,
@t Jeast 238000 premature deaths were associated with the
exposure to PM2.5 (EEA 2023),

To reduce 1he impacts of air pollution, particularly in
cities where most of the population lives {e.g.. more than
wwo-thinds of European popalation lived in an urban are in

) Springer


https://link.springer.com/article/10.1007/s11869-023-01493-z

W Nl i Three different calibration methods

m‘gj_ National Institute for Public Health
(#2548 and the Environment
Ministry of Health, Welfare and Sport

* First define clusters of * Measurements from reference e Qutlier detection methodology
sensor observations based stations are used to produce based on lowest/highest sensors.
n: interpol PM. ] fields for th . .
° te po ated [PM,,] fields for the * Define sensor groups in the vicinity
* distance between sensors studied area. of the reference stations
* Typology/ land use « Determine sensor weights using . .
. . . : * Estimate local correction factor for
season regression with the field above
_ _ these groups.
* Estimate local correction * Use sensor weights to update the | lati ion
factor for clusters close to field nterpolation correction factors to

reference measurement correction field.

* |teration: Repeat the steps above at
* Interpolation by kriging least twice

e Updated field at sensor location =
calibrated sensor
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I EATRMODE Example calibration methods

Correction factors Correction of sensor concentration (ug/m3)

b)
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iJ FAIRMODE Validation approach

How to compare the three difference calibration methods?

We wanted to know the behaviour of the calibration models at all ~ 2000 sensor locations

(Not only at a few locations, close to reference measurement)

Decision to generate synthetic data for validation.

e Compare results from different calibration methods to synthetic truth at ~ 2000 locations

e Objectively test the effects of variations in calibration strategies

e Generate synthetic truth (real concentrations) as well as synthetic sensor data

e Synthetic sensor data should reflect chaotic aspects of low-cost PM sensors.
Use real sensor data as bases for synthetic data

e Synthetic sensor data enables varying sensor uncertainties

e A data set with synthetic data was created for January, 2022, using 50% of the random
uncertainty.
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_; FAIRMODE Synthetic vs real sensor data

January 11th, 2022, 06:00 February 08th, 2022, 20:00

 No correlation when
compared real synthetic to
real concentrations
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Results (1)
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Target plots of the monthly
averaged raw data and the averaged
calibrated data.

The calibration reduces the CRMSE
for all three calibration methods.
The BIAS is less affected.

(The BIAS and CRMSE are not
normalised

using the uncertainty of reference
PM?2.5 measurements)
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Results (2)

Daily BLAS, RIVM Daily BIAS, INERIS
Calibration median R median RMSE mean abs day bias stdev day bias

2 . ? ) pg/m’ pg/m’ pg/m’

. ‘ . ‘ Raw Cal Raw Cal Raw Cal Raw Cal
E Eﬂ“anun“u:nn“u, ‘e 355%.0 8 % o o8 a0f o n:u “S:au,n” s RIVM 0.84 0.89 7.68 6.02 253 Lo7 3.14 0.58
L o . ET ] a®%g%@ B_/%% 9, a0 g, ee o, ® L]

] ] . ° INERIS 0.84 0.88 7.65 6.15 2.56 1.15 3.15 0.97
® - “ - ISSEP 0.84 0.87 7.26 5.43 2.53 221 3.17 2.73
" e s Period Jan 01-31, 2022

S
e Daily average of all sensors for
e 5 raw data (red) versus the
1 ! s calibrated data (blue)
5 o e e Significant improvement of daily
; BIAS by RIVM and INERIS method
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I EATRMODE Sensor error & humidity

Effect Relative Humidity
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s FAIRMODE Discussion and Conclusions (1)

 Benchmarking is an important and useful process to study the effects of different
approaches in the calibration of data from large networks of low-cost sensors.

o Sufficiently realistic synthetic real concentrations and synthetic sensor data can be
constructed, and these are valuable for an objective benchmark of different sensor
network processing algorithms.

 The importance of data cleaning, handling of uncertainty, interpolation, and calibration of
low-cost sensors was demonstrated and investigated.

 The algorithms applied in the benchmark for network calibration can substantially correct
the influence of environmental conditions on the performance of the SDS011 PM2.5
Sensors.
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F&E FAIRMODE Discussion and Conclusions (2)

e The methods employed by RIVM-INERIS are suited for a calibration approach looking for a
robust good mean calibration, with tolerance for a few “bad” corrected sensors, whereas
the ISSeP method is suited for calibrations with low tolerance for badly corrected sensors.

e The SDS011 sensor, used as a basis for the synthetic data, has a large random uncertainty
that cannot be corrected by network calibration.

e Combining the calibrated PM2.5-sensor data with existing air quality maps in a data fusion

approach is expected to improve the level of detail and the quality of the air quality maps,
especially when zooming in spatially and in time.
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Questions ?
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