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Air Quality Monitors: high cost to low cost

i

http: //sense le. .educ

https: //archlve“é a. ov/ es.t|‘0|des/rel |on4/sesd/ méS/web/himI/ 2.html deSouza, P, Nthusi, V., Klopp, J'M'_’ Shaw, B.E., Ho,
W.0., Saffell, J., Jones, R. and Ratti, C., 2017. A

Nairobi experiment in using low cost air quality

monitors. Clean Air Journal, 27(2), pp.12-42.

Reference Air Quality Monitoring Station Low Cost Air Quality Monitor
-High accuracy -Low accuracy
-High cost (5150,000-5200,000) -Low(er) cost (~< $2,500 as

defined by USEPA Air Toolbox)


https://archive.epa.gov/pesticides/region4/sesd/pm25/web/html/p2.html
http://senseable.mit.edu/cleanair-nairobi/

Calibrating Low-cost sensor data by co-locating
sensors with reference monitors

Calibration has been shown to be impacted by the following decisions (Giordano et al.,
2021)

1) Choice of reference monitor
Time-averaging interval

How long the co-location takes place for
Cross-validation technique

Correction model used

)
)
)
)

b WN

As we move towards networks of low-cost sensors how ‘transferable’ are calibration
algorithms across space and time?

Giordano, M.R., Malings, C., Pandis, S.N., Presto, A.A., McNeill, V.F., Westervelt, D.M., Beekmann, M. and Subramanian, R., 2021. From low-cost sensors to high-quality data:
A summary of challenges and best practices for effectively calibrating low-cost particulate matter mass sensors. Journal of Aerosol Science, 158, p.105833.



Calibrating Networks of Sensors

24 sensors love S
Select a month Select a year Select instrument types

5 co-located sites ;
Which algorithm is most ‘transferable’ ? P o Uriversty Prep-Stele (6520)|

Basemap

O Imagery University Park Elem (CS26)

Thornton "\ | @ site markers Swansea Elementary (CS7)1
RStieraliie / Site outlines Sabin (CS11)1

County boundary Prep Academy (CS1
Westminster

JIDW interpolation Northeast Early (CS10)1

[ Kriging interpolation Manual HS (CS9)1
[ Voronoi polygons

AQl categories

B Good
Moderate
UsG

M Unhealthy

M Very Unhealthy

B Hazardous

| La Casa Collo (CS5)1

Site Concentration (ug/m3) Joe Shoemaker (CS21)1
Hallett Academy (CS29)+

Gust (CS15)1

Garden Place (CS8)1

Farrell B Howell (CS25)+

Aurora

A !
Differential interpolation (ug/m3) Denver Montessori High (CS27)1

-4 Columbine Elem (CS22)1
Columbian Elem (CS23)1

College View Elem (A2JCKC55_2.3) 1

Bruce Randolph (CS19)

§
<
1 0
L]

o
S

Leaflet penStreetMap contributy

deSouza, P., Kahn, R., Stockman, T., Obermann, W., Crawford, B., Wang, A., Crooks, J., Li, J. and Kinney, P., 2022. Calibrating Networks of Low-Cost Air Quality Sensors.
Atmospheric Measurement Techniques Discussions, pp.1-34.



Traditional Evaluation of C1 & 2 at Co-Location Sites

ID Name Equation C1 C2
R RMSE R RMSE
C1: Correction (hgim?) )
developgd on Raw Love My Air measurements
data during the
. : 0.927 6.469 = =
entire period of o
network operation 1 Linear PM, & oroceg = PMps X 814D 0.927 3421 0944 3008
C2 On-the-ﬂy 2 +RH PMz.s, soretien] = PM2.5 Xs, + RH x s, + b 0.929 3.379 0.948 2.904
Correction 5 +RH X T PM2.5, corrected = PM2.5 X S1 + RH X 82 + T X 0934 3260 0953 2782
developed using Sy * RHxTxs,+b
data for the same 7 +DxT PM,; oreces = PMps XS, +Dxss, +Tx 0928 3409 0952 2798
week of s,+*DxTxs,+b
measurement 12 PMxnonlinear ~ PM,, . =PM, xs, +RH2(1-RH)x 0934 3277 0948  2.900
RH s, + RH2(1-RH)x PM, . x s, + b
17 Random Forest PM, 5 correctea = f(PM, 5, T, RH) 0.983 1.713 0.988 1.450

(CV = LOSO)



Traditional Evaluation of C3 & 4 at Co-Location Sites

ID Name Equation C3 C4
C3 . R RMSE R RMSE
Correction developed ) (ug/m?)
using measurements Raw Love My Air measurements
made in the fIrSt two 0] Raw 0.907 5.008 0.898 3.983
weeks of January

1 Linear PM2_5’ e PM2.5 xs1+b 0.907 3.244 0.898 2.591
C4 2  +RH PM,. . =PM, xs, +RHxs,+b 0915 3.110 0.909 2.453
Correction developed 5  +RHxT PM, ¢ ooces = PMps XS, + RHxs, + Tx 0915 3103 0911 2.424
using measurements Sy *RHxTxs, +b
from the first two 7 +DxT PM, ¢ comecteq = PM,s XS, #Dxs, +Tx 0914 3.118 0.908 2.457

s,+DxTxs,+b
WEELER INERTETRY 3 4

and the fIrSt tWO 12 PM x nonlinear I3M25, corrected = PM2.5 X S1 + RH2(1-RH) X 0.926 2.898 0.920 2.299
. RH s, + RH2(1-RH)x PM,_ . xs, +b
weeks in May 2 2o7 3
17 Random Forest PM
(CV=L0OSO0)

= f(PM, ., T, RH) 0.982 1.506 0.978 1.234

2.5, corrected 2.5’



Evaluating C3 and C4 over the network operation

ID Name Equation C3 C4
C3 . R RMSE R RMSE
Correction developed ) (ug/m?)
using measurements Raw Love My Air measurements
made in the first two 5 | B U )
weeks of January

1 Linear PM2.5, e PM2.5 xs1+b 0.927 3.486 0.927 3.424
C4 2  +RH PM,. . =PM, xs, +RHxs,+b 0928 3.618 0.929 3.462
Correction developed 5  +RHxT PM, & comected = PMys XS, # RHX's, + T x  0.931 3.452 0.933 3.344
using measurements Sy *RHxTxs, +b
from the first two 7 +DxT PM, & comecteq = PM,s XS, #Dxs, +Tx 0888 5.698 0.921 3.720

s,+DxTxs,+b
WEELER INERTETRY 3 4

. RH s, + RH2(1-RH)x PM, . xs, +b
weeks in May 2 2878
17 Random Forest PM
(CV =LOSO)

= f(PM, ., T, RH) 0.913 3.926 0.911 3.824

2.5, corrected 2.5’



Leave one co-location site out

Leave out one co-location site. How well
does calibration transfer to the left-out
site/left out dates?

(a) C1 : Developed using training data over the
entire period of measurement

(b) C1: Developed using training data over the entire
period of measurement

(c) C2: Developed using data for the same week of
measurement

(d) C3 : Developed using co-located data collected
for 2 weeks at the beginning of the study

(e) C4: Developed using co-located data for two 2
week periods in Jan and May
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deSouza, P, Kahn, R., Stockman, T., Obermann, W., Crawford, B., Wang, A., Crooks, J., Li, J. and Kinney, P., 2022. Calibrating Networks of Low-Cost Air Quality Sensors.

Atmospheric Measurement Techniques Discussions, pp.1-34.



Transferability across time-averaging intervals

ID Name Equation C1 C2 C3 C4
R RMSE R RMSE R RMSE R RMSE
(ng/m®) (ng/m®) (Hg/m®) (ng/m®)
Applyin
PPl .g Raw Love My Air measurements
corrections
derived from 0 Raw 0497  16.409 - - - - - -
hourly _ B
v CalE 1 Linear PM, ¢ corecies = PMy s X 81+ b 0.497 15.667 0.498 15646 0497 15657 0.497 15.663
to minute-level 2 +RH PM,; oroces = PMps XS, *RHX 0495 15678 0500 15618 0492 15721 0494 15.686
measurements s,+b
5 +RH X T PM, =PM._xs,+RHx 0499 15634 0500 15.621 0.495 15.669  0.498 15.640
.5, corrected 2.5 1

52+sz3+RHxsz4+b

7 +DxT PM = PM2_5 xs, +Dxs, 0.470 15.928 0.014 323.684 0.018 257.163 0.032 135.647

2.5, corrected
+Txs,+DxTxs,+b

12 PM x PM, . o ooteq = PMy XS, + 0.496 15.659 0.497 15.650 0.494 15.705 0.495 15.681
nonlinear RH  RH2(1-RH) x s, + RH2(1-RH)x
PM, xs,+b
17 Random PMz.s, g f(PM2.5, T, RH) 0.505 156.565 0.510 15.527 0.489 15.863 0.488 15.821

Forest



Transferability in pollution regimes

PM, > 30 pg/m3 (n = 1038 measurements)

Cc1 C2 C3 C4 C2
Name Equation
R RMSE R RMSE R RMSE R RMSE .E
Raw 0.797 14.928 - - - - - -
(0.350)
Linear PM =PM._xsl1+b 0.797 11.263 0.834 9522 0.797 10.556 0.797 11.105
2.5, corrected 25 (0.264) (0.223) (0.248) (0.260)
+RH PM =PM. xs.+RHxs.+i 0802 11.083 0.838 9.316 0.806 9.379 0.804 9.979
2.5, corrected 257 ™ 2 (0.260) (0.218) (0.220) (0.234)
+RHXT PM,., ooreses = PMs X S, + RH x s, + 0.806 10.772 0.852 8.866 0.804 9.636 0.806 9.868
T e e | (0.253) (0.208) (0.226) (0.231)
XS, xTxs, +i
DxXT PM =PM._xs.+Dxs.+T 079 1211 0.847 8.946 0.789 8.981 0.798 10.033
Z-i- B’"ecfl‘fd . 257 ™ 2 (0.263) (0.210) (0.211) (0.235)
X8, xTxs, +i
PM x PM, + ooresos = PMys X S, + 0.821 (1!;);915) 0.844 ?6125175) 0.815 ?(3322129) 0.814 36721228)
nonlinear RH ~ RH2(1-RH) x s, + RH2(1-RH)x PM, ; x ’ ’ ’ ’
S, +i
Random PM =f(PM, ., T, RH 0.940 5.380 0.953 4670 0.651 13.773 0610 15.006
Forest 2.5, corrected (PM, 5 ) (0.126) ORT)) (0.323) (0.352)
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calibration algorithm choice induce?
How sensitive are hotspots in the network are
to the calibration algorithm used to averaging

by different time periods?




Conclusions

We need to:

1) Evaluate models under different conditions (e.g. pollution concentrations) to evaluate the circumstances
under which different calibration algorithms do well to determine which model to use for which use-case.

2) Determine how well calibration adjustments can be transferred to other locations.
3) Examine how well calibration adjustments can be transferred to other time periods.

4) Evaluate how well calibration algorithms developed for a specific time-scale transfer to measurements at
other time intervals.

5) Use a variety of approaches to quantify transferability

6) Investigate how adopting a certain time-scale for averaging measurements could mitigate the uncertainty
induced by the calibration process.



