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Satellite
(not yet)

AirFuse: better air quality maps for AirNow

* AirFuse is a method of combining multiple
observation sources
* An OAQPS (AQAD & OID) collaborative product
* Developed with input from NOAA and NASA collaborators

* Tests show provides better skill than current AirNow
mapping methods

* AirFuse brings together data from multiple sources
to improve estimates over any single data source

* Pilot will include NOAA forecast modeling, AQ monitors
and PurpleAir PM, : sensors

* Future enhancements could include incorporation of
satellite data to cover unmonitored areas Fused Surface
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How-to: ATNoOw

httpS://airnOWteCh.Org_ _N—/ 7™  Dashboard  Data

Params  Sites Layers QREEIENEIETT My Maps »

Navigator

. Dataset Selection (v ]
. LO g I n to A N T GOES Date Range Availability
(O 4-troM25 Sep 26 2023 - Aug 20 2024
AirFuse
o C h O O S e Clissegess Mar 01 2024 - Aug 20 2024
P Mar 01 2024 - Aug 20 2024
[ ]
N aVIgatO r Description (v ]

AirFuse starts with a geophysical model and then adjusts it to
match observations. The model (NOAA's Air Quality forecast)
explicitly accounts for emissions, meteorology, and
topography. AirFuse then bias-corrects the model by blending
the accuracy of AirNow monitors and the prevalence of

* On Navigator,
choose the
Data Fusion
tab.

* Select an -
DatelTime 02/20/2024 03:00 ° ¢ Al hours in UTC time

AirFuse Layer | @z ol 5.2 >4 -0 -0 -0
y | Set Time | | Reset | i _ i i o1 a7 13 e
Time Control (hours) (v] : ) 02 oz e -

:
(248 s ) doely DD D
' o

i

Purplefir low-cost sensors. Using each dataset (AirMow
Monitors and Purplefir), we calculate the bias of the NOAA
Forecast model at many points that are later interpolated to the
grid. The hias at every model grid centroid is estimated by
interpolating the point biases from each dataset. The bias-
comected surfaces are then blended. For more details about
this layer, click here

Data Export (v]

Year: Month: Day: Jf Download all
Ealcale

D Include nc files (exponentially increases export time)
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https://airnowtech.org/

Pilot Goals

* Pilot AirFuse in AirNowTech from March 2023 to March 2024
e State/Local/Tribal Agency input is critical
* What is working well?
* What needs improvement?
* We want your feedback to ensure there are no surprises

* During the pilot
* Investigate incorporation into other parts of AirNow
* AirNow reports highest-monitor AQI in SLT defined groups™
* Better AQI maps may allow for more local information

* So, what is AirFuse and how does it work?
* Okay, but how has AirFuse been doing?

2024-10-09 *Groups are called reporting areas and their scope changes from day to day.



Example Day in AirNow and Aerosol Watch

Seattle c%w I\ uﬂﬁ 541’5501'
* AirFuse uses a NOAA’s forecast and
integrates multiple sources of observations. T A P
\&
* 8x+ more PurpleAir sensors than monitors
* Increased the spatial coverage of monitored
particulate matter. n T m

* Spoiler alert: sensor data improves predictions.

fan o A oAl oMo D Vi Moo Ao A0
20230614 1731

No Datag 0 02

* |deally, use similar methods for ozone too.
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Starts with a numerical forecast.

* All models are wrong, some are useful. - George Box

* NOAA reports a bias corrected forecast. @ v owwromcusceveerey
* Forecasts concentration with CMAQ. i k

e Forecast bias at monitors (Kalman Filter
Analog)

* |Interpolates bias to grid cells and correct
model.

* Why not use this directly?
* We don’t have to forecast the bias, it already happened.
* Correcting based on multiple observations.
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L SEEE Way more in RTP
Monitors and PurpleAir sensors el
* Many agencies report monitor data to AirNow 2x1n
* ~1000 reporting monitors per hour Greensboro _cnantl 25 o -
* Publicly available thru AirNowAPI 2 . : e e h
° GOId Standard data! ;Qé-l.gi;ﬂ?eIS:j‘tA.lJ. i‘:{:LEST'EK5F'c\-\-‘aretl by Esri | Esr, HERE, Garmin, ;AO.USGSJ.-.!«IﬁIS
* PurpleAir low-cost sensors with EPA correction
* Barkjohn et al. 2021 developed a national correction N
* When PurpleAir is less than 210 micrograms/m3, PM is reduced by i"} i ‘ == Sended
0.0862 x Relative Humidity% (50%: -4.31 and 35%: -3.02) oL # | ‘
. . . . c |
* South Coast uses a similar system with PurpleAir < g | I |
 Schulte et al (2020) residual Kriging 9 £
* NOAA Forecast model £ 2
* Model Correction : Y = M, - Krig(M, - O,) (L}J) 14
* Observations (O) from both AirNow and PurpleAir z 0
* Improved performance of PM2.5 in leave-one-out validationand & vﬂr\"’:\f?c’o@'@(\ & ¢ S & & e 6@«
compared to Federal Reference Monitors £ q«a@”" ik d\f ‘,ﬁ’
. m \_,Oo
* What about satellites? oy e s i e e i 0> I
2024-10-09 Schulte et al 2020 (10.1088/1748-9326/abb62b)




AirNow Particulate Matter Monitoring ~

HAQAST “AirNow” Tiger Team

Team Lead: HAOAST investigator Pawan Gupta

Partners: Phil Dickerson and Barron Henderson with the US
Environmental Protection Agency (EPA), and Shobha Kondragunta
with the National Oceanic and Atmospheric Administration (NOAA) <
HAQAST Members and Collaborators: Jinggiu Mao, Yang Liu, Kel Yang
Markert, Robert Levy, Randall Martin, Amber J. Soja, Martin Stuefer, Liu .
Jenny Bratburd, Emily Gargulinksi, Yanshun Li, and Daniel Tong Gupta lea by vang Liu

- also contribute to this team.
Satellite AOD + Geographic Weighted Regression

GOES AOD PM2SU = dy;; + al'.’.AOD

GOES-WEST __GOES-EAST A

137" West 75° West 7
.. :

o : . -..ﬂ'.,\/

Partnership in Improving
Air Quality Satellite Data Access

Pawan

Machine Learning
14 Blended
Deep Neural Networks

X regression point
= data point

(%] g
Z c
< O Hourly product
O E 3
% S with gaps
gk E P
NOAA HRRR Model (3km) <O
1.Bratburd et al.: Air Quality Data When You Need It: Incorporating Satellite Data Updates into AirNow, EM Plus, 2022. :l(':U :§ .
2.Zhang et al.: Nowcasting Applications of Geostationary Satellite Hourly Surface PM2.5 Data. Weather and Forecasting, 37(12), 2313-2329, 2022. a ‘g 0-
doi: 10.1175/WAF-D-22-0114.1 O @©
3.Sayeed et al: Deep Neural Network bias corrections (submitted); a0

4.0'Dell et al.: Public Health Benefits from Improved Identification of Severe Air Pollution Events with Geostationary Satellite Data, GeoHealth, 2023.



https://haqast.org/wp-content/uploads/sites/91/2022/09/emplusq322_bratburd-final.pdf
https://doi.org/10.1175/WAF-D-22-0114.1

How-to: ATNoOw

https://airnowtech.org/ —=L = e o

Params  Sites Layers Data Fusion 085S »

Navigator

° . Dataset Selection (v]
LO g I n to A N T GOES Date Range Availability
i-hr PM2.5 Sep 26 2023 - Aug 20 2024
AirFuse
i C h O O S e O 4-hrozone Mar 01 2024 - Aug 20 2024
[ 4-hr Pr2 5 Mar 01 2024 - Aug 20 2024
[ ]
N aVIgatO r Description °

Aeosol Optical Depth (AOD) from GOES-East and GOE 5-West
satellites are used to estimate surface level PM2.5 using
Geographic Weighted Regression (GWR). Bias-correction is
then applied using meteorological inputs from NOAA's HRRR

* On Navigator,
choose the
Data Fusion

meteorology model. Limited to areas without cloud, snow, or
ice cover. For more details, click here

Data Export (v]

Year: Month: Day: \l, Download all
(2024 v][08 v|[20 ~]| PGERiEERNITET

All hours in UTC time

tab
* Select y—
e eC an Date/Time DEM9/2024 16:00 g ' - ; : 03 09 15 21
AirFuse Or 08/19/2024  |[F1[16 v ][00 v]esr : : : e 10 18 2
| Set Time | | Reset | i 00 : . N 05 [ 1 [ 17 s 23 )
G O ES L Time Control (hours) o : 5 Note: for bulk exports, contact DMC@aimowtech.org
ayer [24][ -8 |[ 1 ][ +1 ][ +8 |[+24] Betins, ; . Legend (v
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https://airnowtech.org/

Hourly National-scale Fusion Ensemble

* One layer from AirNow monitor ([ JiSSERamons:
* mostly regulatory grade hourly observations
* paired with collocated grid cell.

[Monitor Bias

Y,,= f(model, monitor)

A 120
90
70
50
30
20
10
-5

aVNA_AN

plicative corrector of this type is called extended VNA (eVNA)
2024-10-09 *

*Piece-wise reiression as in Fire and Smoke Map 10
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Hourly National-scale Fusion Ensemble

* One layer from AirNow monitor ([ JiSSERamons:

aVNA_PA

2024-10-09
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Hourly National-scale Fusion Ensemble

* One layer from AirNow monitor (i JiSBSCIGHONS]

N
w
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Hourly National-scale Fusion Ensemble
* One layer from AirNow monitor (i JiSBSCIGHONS]

Fused = mY, + pY, + gY_

TR vt 120
= N 90
* One layer from GOES-PM25 ([ Jiobservations” o CT R 70
= IASE
+ Geostationary Operational Environmental Satelie (GOES) ' 50
. EERES
- 20
10
1008 ‘—5
120 |
90
70
50
30
20
10
-5
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Weight the ensemble of surfaces on distance

Y=mYy +pY, +gY

*m'=(1xdu)2

*p'=(2xd'm)2: d'p=max(dp,, 3.6)

* g' =0 # Not yet!

* Normalize:e.g.,m =m'/(m'+p'+g')

5:88 3

0.80 A

| I I I I
2024-10-09 0.46 1 2 4 B
dan/dpa




Validation Methodology

* Running hourly since March 6t * Validation by 10-fold cross validation
e ~30k obs/model pairs per day * Validation by Leave-One-Out (LOO) validation
* ~4M obs/model pairs so far

Obs/Mod Pairs per d 2024-03-06 to 2024-08-07

T Vil

PJ
un

]
=)

Count [thousands]
H
(4]
i
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w IDW @ Monitor @ FurpleAir

Pilot Validation Summary S00d sag ad

0.8 11 12
* Using only [alelalife] &S
performing worse than IDW c
i 0{ @ 11 -
. PurpleAir o7 o
* Prediction standard deviation, *
* Prediction correlation, and _ — 9 101
— m
* Root mean squared error. < S g
5 0.6 - = =
Ful L i
- 2 C
=
: : — * = 8 5 91 @
Hourly National Mean Concentration — ow
251 —— Monitor Good
—— PurpleAir
— 207 . Good
E 0.5 -
; 15 1
= 10 - 71 . 8 1 *
..... *
0 T T T T —T T T T T — T T T T T —
2%;;; May Jun Jul Aug
0.4 6 7
Bad Good Bad
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Leave-1-out Validation: National Correlation

; M—
. , Do Standard Deviation —

* Days with large spatial variability  =; e
are hard for any technique. _ ]
* Especially with mobile monitors in s
fires 5 N

* NAQFC has a few days with

spotty huge concentrations '

(1000s).

e Adding PurpleAir “tacks”
prevents large deviations.

+ Longer-term NAQFC filtering is LA AR o o= A
probably necessary and results WY 11/ A7 N -1, AL W W |
like these would not reach the
public.

R[1]

Correlation

Apr
2024
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Diurnal Variation of PM and AirFuse

* Hourly particulate matter
is highest at night during
high humidity.

MEAN [ug/m?]

e CMAQ forecast over does
the variability

* IDW and AirFuse w/out
PurpleAir capture that |

* Adding PurpleAir mutes
the diurnal variability.*

PurpleAir

*1 Normalized Mean Bias

hod

2024-10-09  *Correction was deveIOﬁed from daili averaﬁes, SO investiﬁati nﬁ Uﬁdate to correction. 18



Summary

* AirNow needs an updated interpolation method.

* EPA has long used models and statistical fusion to fill gaps with regulatory but has not incorporated these methods into
AirNow.

* Schulte et al. demonstrated including models and PurpleAir improved on simple interpolations and applied it in an
AirNow-like system.

* HAQAST Tiger Team evaluated GOES PM25 for real-time-applications.

* Fusion with PurpleAir is ready.
* Discontinuities are less stark than GOES because datasets are more spatially consistent (ie sparse in the same places).
* Value of PurpleAir is obvious because they are dense near monitors.

* Fusion with GOES PM25 ongoing work
* HAQAST Tiger Team 2021 (Gupta) - now 2023 (Yang Liu)
* Conceptually, the satellite value is highest away from monitors and sensors... making it hard to evaluate
* ~5% of monitors are further than 30km from their nearest withheld monitor...

* Need your feedback!
* Statistics will only tell us so much.
* How does your area look?
* When does AirFuse give weird answers?

2024-10-09 19



How-to: ATNow

https://airnowtech.org/ —=L = e o

Params Sites Layers JiEIERGTEILIE My Maps >

Navigator

. Dataset Selection (v)
i LO g I n to A N T GOES Date Range Availability
() 1-nrPMzs Sep 26 2023 - Aug 20 2024
AirFuse
d C h O O S e O 1-nr Ozone Mar 01 2024 - Aug 20 2024
1-hr PM2.5 Mar 01 2024 - Aug 20 2024
[ )
Navigator °

AirFuse starts with a geophysical model and then adjusts it to
match observations. The model (NOAA's Air Quality forecast)
explicitly accounts for emissions, meteorology, and

topography. AirFuse then bias-corrects the model by blending

* On Navigator,
choose the
Data Fusion
tab.

e Select an

the accuracy of AirNow monitors and the prevalence of
PurpleAir low-cost sensors. Using each dataset (AirNow
Monitors and PurpleAir), we calculate the bias of the NOAA
Forecast model at many points that are later interpolated to the
grid. The bias at every model grid centroid is estimated by
interpolating the point biases from each dataset. The bias-
corrected surfaces are then blended. For more details about
this layer, click here

Data Export

v
Year: Month: Day: ¢' Download all
(2024 v|[08 v|[20 v| HGeRIERICHTE

D Include .nc files {(exponentially increases export time)

Date/Time 08/2012024 08:00 &P All hours in UTC time
AirFuse or o205 00 -3 @ -
| SetTime | | Reset | _ ; o 07 13 19
GOES La er Time Control (nours) (v] . s " ; « 02 08 14 20
Yy DR o N ) . o .o - -
S

A0 AL

2024-10-09 Thanks AirNow team! 20
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https://airnowtech.org/

e
Piloting AirFuse

* AirFuse maps are available in AirNowTech!
* Running hourly from now until March 2025
* Preloaded back to Mar 1, 2024
* Download outputs to investigate further

*Get your feedback
* Collect feedback from forecasters and SLTs
*Like it? Great. Don’t like it? Even better.
* Your input can help us make this better.

* Currently, updated once per hour - may not include lately
submitted data.

2024-10-09 21
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Questions?

henderson.barron@epa.gov
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