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The pilot process to define
and meet the technical
considerations for air
quality sensors on FASM



AirNow Fire and Smoke Map cclarity

Pilot process to include additional PM, . sensors on the map
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I Thank you, Ron! Congrats on Retirement!
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Ron Evans

Thank you for your leadership on
this pilot, and 45 years of service at
EPA!



cclari
Why provide Clarity data on the Fire & Smoke Map? v

Expand access to Support data sharing for Partner with EPA to improve
trustworthy AQ data Clarity clients public sensor data
Part of our mission to make Help customers share data transparently Public-private partnership to improve
high-quality environmental and equitably, especially in areas how sensor data serves the public and
information more widely available. underrepresented by existing networks. supports informed decision-making.

“global data” icon by Fran Couto from The Noun Project. “public private partnership” icon by diyah farida from The Noun Project.


https://thenounproject.com/browse/icons/term/global-data/
https://thenounproject.com/browse/icons/term/public-private-partnership/

. . . . cclarity
I The road to defining FASM technical considerations

] November 2022
| Initiated pilot
process with EPA

@ Summer 2024
| Clarity establishes
| collocations across country

Open API v2

released ) April 2025
Clarity Global
Calibration v2.1

Iterate on
data targets

I
& analyses |
1

|
é May 2023 | SEPA | Cclarity |
Open APl vl I Clarity air quality sensors added to
released US EPA Fire & Smoke Map'
S ‘July 2025 ;f%’*.} f‘ T ,c =
é January 2025 MTA signed $¥§ heti 55 ’*" 0
LA sensors added to FASM to by all parties Ay >

support fire emergency ,,,-.;.6



FASM Inclusion Criteria and Requirements
A weight of evidence approach

“Apples-to-Apples”
PM, . Data

Excellent NowCast AQI
categorization accuracy
across all AQIl categories

EPA-format testing reports in
a range of climates meeting
EPA performance targets

Comprehensive and
documented automated
quality control

Commitments

Provide calibrated and quality
assured data without cost to
USEPA or USFS

Work closely with USEPA and
USFS to maintain API
reliability

Communicate quality control,
calibration, firmware, or
hardware changes

cclarity

Deliverables

Optimized and open
real-time API

Sensor Networks
Characteristics (size, scope,
locations, etc.)

Final, public-facing report
demonstrating all
evidence
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I Developing the V2.1 Global calibration ¢clarity
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Evolution of Clarity’s Global PM, . Calibration cclarity

Los Angeles Case Study - Performance of Global Calibrations during January wildfires

Node ID | Reference . Batch | Period Start | Period End | Dependent Slope Intercept R? RMSE (ug/m?) MAE (ug/m?) Pairwise Pairwise

Site Name (ng/m?) Complete  Completeness

Observations (%)

AWNBHYWP Los Angeles - N. Permanent 2024-11- 2025-02- Raw 1.36 6.99 0.76 20.92 14.87 2194 99.37
Main Street Collocation 01T00:00:00Z 01T00:00:00Z

AWNBHYWP Los Angeles - N. Permanent 2024-11- 2025-02- Global v1 0.66 2.95 0.78 9.85 462 2194 99.37
Main Street Collocation 01T00:00:00Z 01T00:00:00Z

AWNBHYWP Los Angeles - N.  Permanent 2024-1- 2025-02- 0.84 293 0.92 5.65 3.24 2194 99.37
Main Street Collocation 01T00:00:00Z 01T00:00:00Z

AWNBHYWP Los Angeles - N.  Permanent 2024-11- 2025-02- 0.91 176 0.94 477 318 2194 99.37
Main Street Collocation 01T00:00:00Z 01T00:00:00Z

Node ID | Reference * Batch | Period Start * Period End | Dependent ' Slope Intercept R? RMSE (pg/m?) MAE (ug/m?) Pairwise Pairwise

Site Name (ng/m?) Complete  Completeness

Observations (%)

AWNBHYWP Los Angeles - N. Permanent 2024-11- 2025-02- Raw 1.54 362 0.81 18.52 13.86 91 98.91
Main Street Collocation 01T00:00:00Z 01T00:00:00Z

AWNBHYWP Los Angeles - N. Permanent 2024-11- 2025-02- Global v1 0.81 0.22 091 557 373 91 98.91
Main Street Collocation 01T00:00:00Z 01T00:00:00Z

AWNBHYWP Los Angeles - N.  Permanent 2024-1- 2025-02- 0.94 1.05 0.96 2.81 2.01 91 98.91
Main Street Collocation 01T00:00:00Z 01T00:00:00Z

AWNBHYWP Los Angeles - N. Permanent 2024-11- 2025-02- 0.98 0.38 0.97 2.56 1.95 N 98.91
Main Street Collocation 01T00:00:00Z 01T00:00:00Z




Evolution of Clarity’s Global PM, . Calibration cclarity

Los Angeles Case Study - Performance of Global Calibrations during January wildfires
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I Commerce City, Color

Testing Report - PM, ; Base Testing
Clarity Node-S

Time Series Plots
1-hour Averaged Clarity Node-S PM; s
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Commerce City, CO

Colorado Department of Public Health
and Environment

January 2024

Scatter Plots: Comparison to FRM/FEM
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o cclarity
I New York City, NY

New York City, NY
Testing Report - PM, 5 Base Testing

. New York Department of Environmental
C'a”ty Node-S Conservation

This report reflects the v2.1 Global PM, ; Calibration performance
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I Reno, NV

Reno, NV
Testing Report - PM, ; Base Testing

. Northern Nevada Public Health Air
Clarlty Node-S Quality Management Division

June 2024—0October 2024
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I Roosevelt, UT

Roosevelt, UT
Testing Report - PM, 5 Base Testing

Utah Department of Environmental

Clarity Node-S Quality

August 2024—O0October 2024
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Demonstrating performance across AQl range
Clarity worked with partners to establish collocations in wildfire-prone areas
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cclarity



Clarity officially added to FASM in July 2025 ¢clarity
650+ data points, with hundreds more ready to be added
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LAUSD Know Your Air Network on FASM ¢clarity
Filling in the gaps during Los Angeles wildfires

Without KYAN
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LAUSD

UNIFIED

Ny
2
¥ or THeWC

LOS ANGELES UNIFIED SCHOOL DISTRICT: KNOW YOUR AIR NETWORK 2.0
09/26/2025



OUR WHY

UsSbD

UNIFIED

Increase in the frequency and intensity of wildfires during the past several
years.

Creating unsafe air pollution levels at our schools

Los Angeles region continues to have some of the worst air pollution in the
country.

LAUSD uses its air network during emergency events such as wildfires and
poor air quality episodes to determine what actions need to be taken
Better informed decisions for individual schools




What is the Know Your Air Network?

One of the largest school-based air monitoring network in the U.S.

Clarity Sensor

@ LAUSD Know Your Air Network ¢clarity

Reference Monitor

USEPAAQI @

Hazardous o o0

SIMI VALLEY
Q s e X

Jordan HS (8721) N 2 X Altadena

BURBANK
THOUSAND OAKS

B Distance from searched location: 0.46 mites
Agours il Calabasas GLENDALE PASADENA
Arcadia Glendora

Current Conditions
RANCHO
Alhambra ERM Upland CUCAMONGA
Air Quality at Jordan HS (8721) Baldwin Park
ELMONTE _ \vEsT coviNA ONTARIO
USEPAAQI 65 LLSANCTITS  monterey Park POMONA *

3 Malibu -
Main Pollutant PM2.5 © B rcac & \oxrrcty Diamond Bar

Chino

Moderate Measured 50 minutes ago
Chino Hills
Weather Pollutants . 7|
INGLEWOOD
il DOWNEY

Hawthor NORWALK
Compton

FULLERTON CORONN

TORRANCE ANAHEIM

Recommended Actions
ORANGE
GARDEN GROVE

Westminster

22 General Public LONG BEACH

SANTA ANA

Air quality is acceptable; however, there




Redl-Time Access at OEHS.LAUSD.ORG

Data every 3-5 minutes

About LAUSD v Superintendent v Employees v Board of Education v

Office of Environmental Health and Safety
o0

OEHS Home AboutUs v Programs ¥ Documents v Resources v Archive v
° .
Quicklinks

Safe School Chemical Safe School
Inspection Safe! Traffic
Program Coordinators Program

LAUSD Know Chemical

Your Air Product Waste

Management

Network Evaluation




Readl-Time Access

Data every 3-5 minutes

About LAUSD v Superintendent v

Office of Environmental Health and Safety
{

OEHS Home AboutUs v Programs v Documents v Resources v Archive v

LA Unified Know Your Air Network

Los Angeles Unified has partnered with the Coalition for Clean Air and Clarity Movement Company to create a network of 200 air quality sensors. These sensors have been deployed
at school sites and facilities throughout the entire 710 square-mile district to show local conditionst in real time. Every school in Los Angeles Unified has a network sensor nearby
(within approximately 1.6 miles), allowing all schools to determine air quality by looking at the nearest sensors. For instruction on using the network, please view the "How-To" video
below.




Select School Current Conditions Updated 10 minutes ago Recommended Actions

10th Street Elementary Air Quality at Esperanza ES (2383) 28 General Public

USEPA AQI 46
Air quality is satisfactory, and air pollution poses

Campus Map Main Pollutant: PM2.5 © little or no risk.

Measured 38 minutes ago
It's a good day to be active outside.
Weather Pollutants

€ Students

¢ Staff

B Campus Operations

B Superintendent
Trend
PM2.5 USEPA AQI v ) DOWNLOAD

u Same as previous hour

powered by

cclarity

USEPAAQI @

Hazardous
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KYAN 2.0: A Direct Response to the 2025 Wildfires

e January 2025 wildfires revealed
need for expanded monitoring
beyond PM, .

e LAUSD worked with Clarity to
expedite development of new
PM,, “Dust Modules”

e Dust Modules and Wind &
Meteo rOIogich MOd UIes © 30 Sensors deployed in Fall 2025’s “Know Your Air Network 2.0”
installed in 30 sensitive sites ¢! 20 sihole uith Ssesirs deployed between 202082073
ahead of the start of the A e e e
2025-2026 school year 2.5 km neighborhood scale grid cell

D LAUSD Boundary




Select School Current Conditions ® Updated 15 minutes ago Recommended Actions
s e n s o I s Palisades Charter High School Air Quality at Palisades HS #3 22 General Public

USEPA AQI 66

Air quality is acceptable; however, there may be a
Campus Map [ C F Main Pollutant: PM2.5 © risk for some people, particularly those who are
o Moderate Measured 63 minutes ago unusually sensitive to air pollution.

Weather Pollutants

€ Students

o, Wind 3} :
59 ; & ’ % Staff

B Campus Operations

B Superintendent

Trend

PM2.5 USEPA AQI v Y DOWNLOAD
' Same as previous hour

powered by

cclarity

USEPAAQI @




Air Quality Index

EPA’s standard for reporting air quality Daily AQI Color Levels of Concern Values of Index
Green Good 0 to 50
AQl color-coded scale (0-500)

e Green — Good Yellow Moderate 51 to 100

e Yellow — Moderate

Orange Unhealthy for Sensitive 101 to 150
Groups

e Orange — Unhealthy for Sensitive Groups

e Red — Unhealthy

e Purple — Very Unhealthy

Purple Very Unhealthy 201 to 300
e Maroon — Hazardous

Maroon Hazardous 301 and higher

i v
/
SD 3

UNIFIED



Broader Impact

A model for California and beyond

» Spearheading air quality
efforts

* STEM Education tool

 Provides support beyond
wildfires!
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Real-Time AQI Map (www.agmd.gov/agimap
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Advantages of Gridded AQI Map

Historical “Proxy Method” Gridded AQI

\ & Palmdale
X o

G = ) Victorville
1

AirNow

26— X[ 1
Sikai ol¢s

PurpleAir e

I
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1

e

v' Consumer-grade sensor data is appropriately interpreted

v’ Itis clear where monitors are located and where data is approximated through interpolation
v Interpolation scheme accounts for complex terrain because it blends in air quality model
v" Public doesn’t need to look at multiple maps or consider different types of data. Especially

important when multiple pollutants can drive AQI
v Resolution small enough to accurately represents neighborhood scale events

South Coast 4
AQMD



AQIl Map uses sensor data to fill in gaps
How the AQI Map Works

between monitors:

~780 PurpleAir PM, ; ~225 Clarity PM, 5 sensors

Gridded Model Data Monitor and Consumer-Grade Sensor Data

Gridded AQI
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Loma Linda University, UC Riverside, County of Riverside, California State Parks, Esri, HERE, Garmin, FAO, NOAA, USGS, EPA, Esri, USGS
Pollutant Method Far from monitors Near monitors
PM Fillin gaps between monitors using model| Models and consumer-grade
=P and consumer-grade sensor data sensor data drive concentration
Fillin gaps between monitors usin . . Monitor data drives
O3 gap g Models drive concentration .
model concentration
PM1o, NOg, : : : . : :
1230 . Natural neighbor interpolation Monitor data drives concentration
Schulte, N., Li, X., Ghosh, J.K., Fine, P.M., Epstein, S.A. Responsive High-Resolution Air Quality Index Mapping Using
AQMD

5
Model, Regulatory Monitor, and Sensor Data in Real-Time, 2020, Environmental Research Letters, 15 1040a7



Treatment of Consumer-Grade Sensor PM2.5 Data

South Coast
AQMD

geographical areas

Download

Sensor Data

PurpleAir

g

____________

Quality Control

PurpleAir

Compare
measurements
from the two
channels in each
PurpleAir using
statistical criteria

Calibrate
PurpleAir

Using collocated
reference monitor
data and correction
for relative
humidity

Clarity already Quality
Controlled/Calibrated

by manufacturer

Combine
Sensors to
Estimate
Average
Concentrationin
Grid Cell

To mitigate potential
bias caused by
hyperlocal sensors,
we average sensors
in similar

4

Calculate

NowCast and

AQI

Hourly averages
processed to
calculate NowCast
AQlI:

* NowCastisa
weighted moving
average, used to
link hourly data to
exposure over 24-
hour period and to
the Air Quality
Index (AQI)

* NowCastFactShe
et2D_EPA.pub
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Clarity Sensor Blendmg in Real-Time AQI

* Wrote code to load hourly
data from the Clarity open
data API

* Quality control is done by
Clarity

* Used in Kriging calculation
to weight the data based on
measurement error
variance

* Analyzed performance
using leave one out cross
validation

’ Clarity Nodes In South Coast AQMD

AN

Moja
National
Preserve
_Lancaster
® paimdale
o Victorville Marine Corps
® Agc
Q Twentynine
el | Palms
Dxnard ':r;;“;f’»"; oy
4 H o Angéles o itk *
& .Q)Blvemde
®
hg 8each vt
\ -4 Mugri
rieta -
5 sites used for
. v Chocolate
Cross Validation  Oceanside Aerial Gun

Range
Esri, CGIAR; USGS, Loma Linda University, City of
Redlands, County of Riverside, California State Parks,
, Esri, HERE, Garmin, FAO, NOAA, USGS, Bureau of Land
ﬂSan Diego Management, EPA, NPS
U

Mexicd




Challenges with Using Sensors for Real-Time AQI:
Sensors are not equally distributed due to socioeconomic

factors
PurpleAir and Clarity sensors are much
* PurpleAir sensors more concentrated more widely deployed in coastal areas and
near the coast Los Angeles County
* Clarity sensors mostly at LAUSD
locations

* Unequal distribution was addressed by

* targeted sensor deployments by the AQ-
SPEC program

* modifying the “neighborhood” size in real-
time AQI map

¢ Clarity Nodes @ PurpleAir SB 535
SB 535: Disadvantaged communities

South Coast
AQMD




Challenges with Using Sensors for Real-Time AQI:
Integrating new sensors and data providers into real-time AQI
products is time consuming

= = .
* Could be improved by implementing \@N_OW ( C,a r'ty

an open standard data format so

that code changes are minimized @ QUANTAQ O PurpleAir
b

* NetCDF is one example of open

standard that may be useful
. ) (\5 Open standard
« Aflexible data blending method as ‘ S et
used for PM2.5/03 in real-time AQI 3
map helps to speed up integrating _ '
new data Flexible data blending
method
Consistent G
data displa Rk c
P G
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Challenges with Using Sensors for Real-Time AQI:
Want responsive data display, but recommended actions
require time averaging

AQl is “slow” and “aggregated” since it
relies on time averages (and
neighborhood averages for AQMD real-
time map)

It is difficult to recommend actions to
reduce exposure for shorter duration
data and those recommendations are
likely event-specific

More frequent data updates may cause
unnecessary actions or confusion by
the public

One way to increase responsiveness is
to use moving windows to continuously
update data

Example: short-duration, single-sensor spike

W‘nnnn—- [TLY] —

Recent History
NowCast PM2.5 Air Qual
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Conclusions cclarity (AirNow

¢ PurpleAir

* The real-time AQI map improves interpolation accuracy and avoids
user misinterpretation of monitor and sensor measurements @ QUANTAQ
* Incorporation of Clarity Node-S PM2.5 sensor data into the real-time —
AQI map slightly reduces root mean square error and slightly —u y - _
increases mean bias at two locations with co-located regulatory ol

monitors E e Il Los Angeles @

Updated 4 PM

* ltis usefulto incorporate additional sensor data if it doesn’t degrade
performance since this helps users interpret the data and may
improve map performance in areas without regulatory monitors

Air Quality is
Moderate

* South Coast AQMD is integrating other sensors as they become
available
¢ Aeroqual AQY PM, 5, PM,,, and O
* QuantAQ sensors for PM2.5, PM10

* There are many challenges and opportunities for unique solutions for

specific applications of sensor data

South Coast 11
AQMD
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How the AQI Map Blends Monitor/Model/Sensor Data

. Smoothed
Monitor/Model .

Monitor/Model/Sensor Allowed deviation
Tg Tg between smoothed
2 2 surface and sensor
£ o data is proportional
© . [ S " sensor data (as a
T e s L P e ™ | T o
Qe s s . @ AR e & standard deviation)
(@] O
O O

Spatial Position Spatial Position

Sensor e Monitor

Concentration “surface” is fixed to regulatory monitors. Between monitors, model and consumer-
grade sensor data modifies the concentration surface based on their relative uncertainties.

South Coast 13
AQMD



Sensors were Evaluated Before
Use in Real-Time AQI Map

* The South Coast AQMD AQ-SPEC
Program evaluated the Clarity Node

and found strong correlations with the
FEM BAM in the field

 Good correlations were also observed
between the Clarity Node and FEM
BAM at the CELA and RESE sites

* Performance was not dependent on

relative humidity or temperature

South Coast
AQMD
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Leave One Out Cross Validation Results

_ With PurpleAir Without PurpleAir

With Clarity Without Clarity With Clarity Without Clarity

RMSE 5.20 5.22 5.25 5.58
Mean Bias 1.88 1.86 1.64 0.65
PA + BAM + PA + BAM+ NOAA Clarity + BAM+ Only BAM +
Clarity+ NOAA NOAA NOAA
m,-\'IOO T T T T
E Mean PM2.5 over the monitors (one year)
= 501 R
~
15

0
AQMD 07/01/22 10/01/22 01/01/23 04/01/23 07/01/23 10/01/23



Building Capacity of Vulnerable
Communities in California’s Fire
Prone North Coast to Collect Air
Quality Data and Access Solutions

Partners:

-Universities Space Research Association
-Soluna Outreach Solutions & LatinX Hub
-Citizens Organized to Prepare for Emergencies
-Nuestra Comunidad

-North Bay Jobs with Justice

-Bay Area Environmental Research institute

-Northern Sonoma County Air Pollution Control
District

-Sonoma Technology, Inc.
-Clarity Movement

Ryan Ferrell, Pepperwood Sentinel Site Manager




Sentinel

i DY

Goals and Gains

* Provide the North Bay
community with accurate,
reliable and real time air
quality data

« Empower community
members to make data
informed decisions about
their exposure levels to
wildfire smoke and other
sources of PM 2.5



The Community

+ ~500,000 people live in Sonoma County

+ Nearly half reside in the 101 corridor from Santa Rosa to
Cloverdale through our project area in the Alexander Valley.

Key concerns:
-Wildfire Smoke
-Health

-Family

-Work

-Event response

Latino participants in Cloverdale, Windsor, and Geyserville shared that

poor air quality is an unavoidable part of their environment, with limited
access to protective equipment, limited knowledge of the Air Quality
Index, and little formal guidance on how to stay safe
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Local fire events in and around
Sonoma county typically occur in
drier reglons to the east. These
events inundate the region with
smoke. Cool night air, inversion

layers and reduced winds pool the
smoke In the low lying valleys and
agricdtural aress,

Cloverdale

Geyserville

Healdsburg

Pepperviood

/°° /rw

Smoke from northern Slerra fires
typical moves down the Sacramento
valley before turning west and
flowing out the delta and through
the bay area. Inversion layers and
diminished winds allow this smoke to

4 back up into and settle in interior

valleys of Sonoma County.

Regional Smoke
Destination

*Northern Sierran smoke flows
through the Bay Area

*Local smoke sources pool in
interior valleys




Just in time for the School year

Alexander Valley August 22", 2025 Pickett Fire

Healdsburg Geyserville

Cloverdale




Thank you!




Moderator

Sean Wihera

VP, Business Development
& Partnerships

Clarity Movement

Thank you!
Questions?

@ LAUSD [@unc
UNIFIED

a7 Management District

cclarity

Levi Stanton Carlos Torres Scott Epstein
Solutions Director, OEHS Planning & Rules
Engineering Lead Los Angeles Manager
Clarity Movement Unified School South Coast AQMD

District (LAUSD)

Ryan Ferrell, MS
Sentinel Site Manager
Pepperwood Preserve





