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AirNow Satellite Data Processor (ASDP) Project
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Air Quality & Outdoor Activity
Guidance for Schools

EPA and CDC collaboration
Update physical activity
guidance associated with
the School Flag Program

Goal: Keep kids active!

Take into consideration that
air pollution exposures
during school day are of
short duration

= 15 minute recess

= 30 minute PE class

| http://www.cdc.gov/air/air_health.htm
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AGENDA

MONDAY, FEBRUARY 10, 2014

B00am.—12:30 p.m.
10:00 a.m. — 600 pom.
1:00 pom. — 3:00 p.m.

1:00 p.m.—1:30 p.m.

1:30 pm.—3:00 p.m.

3100 p.m. —3:30 p.m.
3:30 p.m. —5:00 p.m.

530 p.m.—7:00 p.m.

Exhibit and Poster Set-up
Registration/Check-in

PLENARY SESSION — imperial Ballroom 4-7

OPENING REMARKS

— Greg Green, Director, Outreach and Information Division
L5, EPA, Office of Air Quality Planning and Standards
— Phillip Dickerson, AirNow Program Director, U5, EPA
— Anne Gobin, Bursau Chief, Connecticut DEEP
Co-Chair NACAA Public Education and Communications Committee

Traffic-Related Air Pollution and Children’s Health: The Cincinnati Childhood Allergy
and Air Pollution Study (CCAAPS) — Patrick H. Ryan, PhD, Cincinnati Children’s Hospital
Medical Center

CDC and State Health Department Activities Related to Children’s Air Pollution
Exposure — Tegan Boehmer, PhD, Centers for Disease Control and Prevention (COC),
Mational Center for Environmental Health

Mational-Scale Activity Survey (N-5A5) Results — Susan Stone, U5, EPA

BREAK

PLENARY SESSION (continued)

AirMNow international
Phillip Dickerson, U.5. EPA, Moderator

— Mr. Lu Tao and Mr. Zhao Qianbioo, Shanghai Environmental Monitoring Center

— Monitoring and Forecast of Air Quality in Taiwan — Mr. Jhih-Yuan Yu,
Environmental Protection Administration, R.0.C. (Taiwan)

— Implementation of AirNow-International in Mexico — Mr. Orlando Cabrera-
Rivera, Commission for Environmental Cooperation

Secrets of 5an Lorenzo Valley's Atmosphere: Vertical Meteorological Measurements
Natalie Gallagher and Connor Lydon, San Lorenzo Valley High School
{with Amy Clymo, Monterey Bay Unified APCD)

Cash Bar Reception/Exhibit and Poster Session



TUESDAY, FEBRUARY 11, 2014

7:00a.m.— 530 p.m. Exhibits and Posters
7:00a.m.—8:00am. Registration/Morning Refreshments
8:00am.—9:30 a.m. Breakout Sessions
AIR QUALITY FORECASTING, MAPPING, AND MONITORING COMMUNICATING AIR QUALITY
IMPERIAL BALLROOM EMPIRE BALLRGOM
Forecasting Tools Communicating &ir Quality and Public Health

Muoderator: Amy Huff, the Pennsylvania State

g i Moderator: Susan Stone, U.S. EPA
University

“Love is in the Air" [oris it?): Investigating Air Quality The Impact of an Anti-ldling Campaign on Air Quality
Using Handheld Monitoring Equipment — Gary Olson, at Schools — Dr. Patrick Ryan, Cincinnati Children’s
LS. EPA Hospital Medical Center

Health Effects of Smoke From Wildfires — Dr. Wayne

Improving EPA's AlRNow ACQI Maps with MODIS Cascio, LL.S. EPA

Aerosol Products — Jim Szykman, U.S. EPA
Medical Advocates for Healthy Air — Harnessing a

PM, » Prediction & Analysis: Maryland's Toolbox — Medical Vioice for Clean Air — Rebecca Cheatham,
Laura Warren, Maryland Department of the Clean Air Caroling
Environment Discussion of How to Incude Socioeconomic Status in

Upcoming AQ1 Materials for Particle Pollution —
Alison Davis, US. EPA

930 a.m. — 1000 a.m. BREAK

10:00 am. —12:00 p.m. Breakout Sessions

AR CUALITY FORECASTING, MAPPING,; AND MONITORING COMMUNICATING AIR QUALTY
IMPERIAL BALLROOM EMPIRE BALLROOM
Air Cuality Models Educational Programs
Mioderator: Cary Gentry, Forsyth County [NC) Office Meoderator: Laura DeGuire, Michigan Department
of Environmental Assistance and Protection of Environmental Quality

NOAA's AQ Predictions — lvanka Stajner. NOAAS/NWS Secrets of San Lorenzo Valley's Atmosphere: Vertical
Wetecrological Measurements — Natalie Gallogher
MWorth Carolina Real-time CMAQ Forecasting — Nicholas | and Connor Lydon, San Lorenzo Valley High School
Witcraft, North Carolina Department of Environment (with Amy Clymeo, Monterey Bay Unified Air Pollution
and Naotural Resources Control District)

Improvement on PM Forecasting by Modulating How to Do Your Own Teacher Workshop —Donna
Primary Dust Emissions — Pius Lee, NOAA Air Resources | Regers, Melissa Poyne, and Ellen Wildermann, U 5. EPA

Laborato
id Air Monitoring and Education at New Hampshire's

Two MNCore and IMPROVE Monitoring Sites —
Sherry Godlewski, New Hompshire Department of
Environmental Services

Advancements in Operational CMAQ MODIS AQD
data-assimilation at Baron Advanced Meteorological
Systems during Forecast Year 2013 — John McHenry,
Baron Advanced Mefeoralogical Systems G003 Project: Enabling Student Scientists to Measure
Ajir Pollutants and Promote AC Awareness —

Dr. John Birks, lessa Ellenburg, and Kali Basman, GO3
Foundation

Air Sensor Kits for Outreach — Dana Buchbinder ond
Gaoyle Hagler, U.5. EPA




Noon—1:30 p.m. LUMNCH (on your own)

1:30 pom.—3:00 p.m. Breakout Sessions

IMPERIAL BALLROOM
Case Studies
Moderator: Mike Goldstein, Shelby County (TN)
Health Department

COMMUNICATING AIR QUALITY
EMPIRE BALLROOM
Reducing Greenhouse Gas Emissions
Maoderator: Jamie Arno, Sacramento {CA)
Metropolitan Air Quality Management District

Predicting the Air Quality Health Index Without Aid of
Observations: Results from the Northern New
Brunswick Study — Daniel Jubainville, Environment
Canada

Ozone Update — Ben Wells, U.5. EPA

Streamiining Exceptional Events Analysis and
Reporting — Daniel M. Alrick, Sonoma Technology, Inc.

Two outreach initiatives that reduce greenhouse
gases —a Home Energy Conservation Program and
Farm to Fork to Fuel — Christing Rogsdale, Sacramento
{CA) Metropolitan AQMD

GHG Qutreach and Mitigation Through Facility Energy
Assessments — Paula Hemmer, North Caroling DENRA

Reducing Emissions from Marine Shipping: Local and
Global Initiatives — Mary Byrd and Brian Shafritz, Santa
Barbara County (CA) APCD, and Lee Kindberg, Director,
Environment, Maersk Line

300 p.m.—3:30 p.m. BREAK

330 p.m.—530 p.m. Breakout Sessions

IMPERIAL BALLROOM
Advanced Technology
Mederator: Sam Rubens, Akron (OH) Regional Air
Quality Management District

COMMUNICATING AIR QUALITY
EMPIRE BALLROOM
Innowvative State and Local Outreach Initiatives
Moderator: Dan Nelson, Olympic Region (WA)
Clean Air Agency

WRF Model Boundary Layer Height Validation Using
the Vaisala Ceilometer — Scott Mockaro, Vaisalg

Utilizing Nephelometers in Near Roadside Monitoring
Environments — John Carney, American Ecotech L.C.

VIIRS Satellite Products: New High-Resolution Asrosol
Products for Air Quality Applications — Amy Huff,
The Pennsylvania State University

Measuring Spatial Variability in Ozone Concentrations
Using a Small-Sensor Netwark — Tim Dye, Sonoma
Technology, Inc.

Air Quality Real-time Releaze and Public Service in
Shanghai — Bill Zhao, Shanghai Environmental
Monitoring Center

Keep It Clean — Julie Hunter, Washoe County (NV)
Health District Air Quality Management Division

Don't Be “Crabby”, Turn Off Your Lights — AMegan
Green, Mecklenburg County (NC) Air Quality

Embracing 1.7.: Using iPhone, iMac, iMovie and
previoushy unimagined online tools — Pat Sulfivan and
Madison Stirfond, Oklahoma DEQ

Implementing the Advance Program Statewide —
Louisiana's Story — Michael Vince, Louisiana DEQ




WEDNESDAY, FEBRUARY 12, 2014

7:00am.—11:30a.m. Exhibits and Posters
700 am.— 800 a.m.

800am.—1130a.m. Breakout Sessions

Registration/Maorning Refreshments

AIR CUALITY FORECASTING, MAPPING,; AND MONITORING
IMPERIAL BALLROOM
Monitoring News
Moderator: lohn McHenry, Baron Advanced
Meteorological Systems

COMMUNICATING AIR QUALITY
EMPIRE BALLROOM

Alternative Energy/Energy Efficiency
Moderator; Larry Brockman, U_S. EPA

PM Designations Mapping Tool — Doug Solomon, ULS.
EPA

DOCS 11, U.5. EPA Alternative Method 082, Moving
Cpacity Technology Forward — Shown Dolan, Virtual
Technology LLC

Field Test Results for Continuous Beta Gauge Under
High Dew Point Conditions — Dr. David Gobeli and
Thomas Pottberg, MetOne instruments

Southwest Mew Hampshire's Wood Smoke Outreach
Initiative Partnership — Sherry Godlewski, New
Hampshire DES

Energy Efficiency (EE) & Renewable Energy (RE) in
51Ps — EPA's Roadmap and a Tour of Several States—
Angie Shatas, U5, EPA

EPA Burn Wise: Communicating the Health Effects of
Residential Wood Smoke — Leigh Herrington, U.5. EPA

EPA's Residential Wood Heater NSP5S Proposal —
Gil Wood, U5, EPA

Using Mobile Instruments to Monitor Residential
‘Wood Smoke — Timathy K. Dye, CCM. Sonoma
Technology, Inc. and Leigh Herrington, U5, EPA

9:30 a.m. — 10:00 a.m. BREAK

10:00 am. — 1130 a.m. Breakout Sessions

AR QUALITY FORECASTING, MAPPING, AND MONITORING
IMPERIAL BALLROOM
Moderator: John White, LS. EPA

COMMUNICATING AIR QUALITY
EMPIRE BALLROOM

Reducing Emissions from Mobile Sources
Maoderator: Jean Kelly, Louisiana Department of
Environmental Protection

Roundtable Discussion of Regional Forecasting
Challenges
Panel - To be announced

Apps and More with the AirNow APl — Steve Ludewig,
Sonoma Technalagy, Inc.

An Overview of GaDER Program — Vicky Giles, Georgia
EPD

Race to the Beach, a Clean Commute Challenge —
Kelly Smith, Charlotte Area NC Air Awareness

Constructing a Successful Corporate Partnership —
Elgine Loyack, Triongle Air Awareness (NC DENR and
RTP}

Creating a Diesel/Black Carbon Emissions Calculator to
Advance Clean Construction Practices — Sean Flaherty,
Centraling Council of Governments




11:30 a.m.

11:30 a.m. —1:00 p.m.

12:00 noon —4:00 p.m.

1:00 pom.—2:30 pom.

2:30 p.m. —3:00 p.m.

3:00 p.m.

What You Meed to Know About the New AirMow-Tech: A Live Demonstration —
Matalie LaGuardia, Sonoma Technology, Inc. —imperial Ballroom

LUNCH |on your own)
Exhibit and Poster Tear Down

CLOSING PLENARY — imperial Bollroom
Small Sensors and Citizen Science
— Richard Waylond, U_5.EPA, Moderator
— Tim Dye, Sonoma Technology, Inc.
— Tim Watkins, U.S. EPA
— Donnie Redmond, NC DENR
— Phillip Dickerson, U.5. EPA

Fracking: Air Pollution Issues — Bruce Moore, UL5. EPA

CLOSING REMARKS

— Greg Green, Director, Qutreach and Information Division
L5, EPA, Office of Air Quality Planning and Standards
— Phillip Dickerson, AirNow Program Director, U5, EPA

CONFERENCE ADJOURNS



5% — ~ Improving EPA's AIRNow AQI Maps with MODIS

Aerosol Products: The AirNow Satellite Data Rxssor (ASDP) Project






2002/08/05 2002709410

Staptemher 0810 13, 2002 - Da:fy composites of MODIS (T El".l"ﬂ} aerosol
optical depth (color) and cloud optical depth (biack-white) superimposed
over continuous PM, . monitors (bars).

Philip Dickerson & John E. White, EPA/OAQPS, Research Triangle Park, NC
Jim Szykman, EPA/ORD-NASA LaRC. Hampton, VA

Randail Martin & Aaron van Donkelaar, Dalhousie University, Nova Scotia, Canoda

Shobha Kondragunta & Hai Zhang (IMSG) , NOAA/NESDIS, Washington D.C.

Adam Pasch, Tim Dye, Patrick Zahn, Michae! Haderman, & lennifer L DeWinter, Sonoma
Technology, Inc. (5T}, EPA Contractor, Petaluma, CA

Center for Technology and Government - University Albany (CTG), EPA Sub contractor, Albany, NY
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LUniversity of Mbany/ELNY & 5T, October 2013 ' &




Bource Sooceonomic Benefis of Adding NATA Stelfte Dats to Micow, TG
Unéversity of Albany/SUNY B STI, Detober 2013 &
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SATELLITE MEASURED RADIANCES
ARE CONVERTED TO COLUMNAR ; b
AEROSOL OPTICAL THICKNESS/DEPTH | Source: Sundar Christapher NSSTC/UAH
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- On-going: How good is this information (from both a scientific, user and socio-
economic perspective)
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- DISCOVER-A0 \what is DISCOVER-AQ?

DISCOVER-AQ {Deriving Information on Surface Conditions from Column and
VERtically Resolved Observations Relevant to Air Quality)

A MASA Earth Science Suborbital Venture Mission
*Primary Objective: How con satellites be used to inform about AQ?

1. Relate column observations to surfoce concentrations
for aerosols and Key trace gases

2. Characterize differences in diumal variation of surface
and colum n observations

3. Examine horizontal scales of variability
affecting satellites and AQ modeling

DISCOVER-AQ Deployments and key collaborators

Maoryland, July 2011 (EPA, MDE, UMd, UMEC, Howord U, PSL +]
51V, Colifornia, Jnnmu.ry 2013 (EPA, CARE, uc—m&a.'mm PsU+]
Texas, September 2013 (EPA, TCEQ, U. of Houston, PSU+]

Denver, Summer 2014 (EPA; NSF, NOAA, COPHE, PSU+)
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DISCOVER-AN

Observation Strategy Baltimore, MD
January-February 2013
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: R § Observation Strategy 5an loaguin Valley, CA
! DISCOVER-AN January 2013

EPA field measurements were located at three sites (Visalia, Bakersfield, and
Porterville). Visalia and Bakersfield included missed-ap proach routes with the
MASA P-38 aircraft

~ i : o
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DISCOVER-AQ January 2013
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?«Qﬂ,@;‘m_m DISCOVER-AQ California

documented twao High ‘?ppctral Resolution Liidar-2 on thell
-odes in the San Flnq Air Maps the Spatial Distribution of &
Aerosol between ground mnn|t:pr- !
across the. valll‘;‘l’ N .
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~ildERERREE

Bakersfield PM2.5 _
(16 January - 7 February) AU ey ing
from the P-38
shows the build up
of fine particles to
be concentrated in
a shallow layer

below 2000 feet.
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[ff$%= - National Air Quality Forecast Capability NationwiBeedication Furture

Enhancements



National Air Quality Forecast
Capability: Nationwide Prediction and
Future Enhancements

Ivanka Stajner
NOAA NWS/OST

with contributions from the entire NAQFC Implementation Team

Ciutsirg
Background o MNAQF
Hecent prograss and updates
Drone predictions

Smoke predictions
Ly

M2 5 predictons
U ACH and Teadbuack
Sumimary and plans

National A Qually Conferonce. Durharn, NC Fabiuary 11, 2014

National Air Quality Forecast Capabili
@ Capabiﬁﬁetg w0 a0id Y b

Improving the basis for air quality alerts
Providing air quality information for people at risk

Prediction Gapabﬂﬁ‘r’es.‘
Operations:
Ozone nationwide

Smoke nationwide
Dustover CONUE

Experimental testing:
Ozone predictions

Developmental testing:

Components for particulate matter
(PK ) predictions
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@ National Air Quality Forecast Capability
4 End-to-End Operational Capabili ﬂ **

Model: Linked numerical prediction system

Operationally integrated on NCEP's supercomputer
NOAA NCEF mesoscale numerical weather prediction
NOAAEPA community model for airguality: CMAQ
NOAA HYSPLIT model for smoke and diest prediction
Observational Input:

3‘4:,1-."'

NW5 weather obsenations; NESDIS fire !u:s'bms, \" ”-:.;“."':' "_“"" .
climatology of regions with dust emission potential
= EPA emissions inventory
Gridded forecast guidance products
On NW5S sarnvers: il ity westher gowv
and fip-servers |
for 48 hours)
On EFA servers

- Updated Z¢ daily
Verification basis, near-real time:

Ground-level AIRNow obsenvations
of surface ozons

. Satellite ohsenvations of smoke and dust
Customer outreach/feedback
State & Local AQ forecasters coordinated with EFA

& smmmmiia
= Public and Private Sector AG constitvents 3
it s
D Ozone predictions .
e Operational predictions at http:iairquality. weather.gov "-r.s;:*.:qﬁ
over expandmg domains since 2004
$ - m T
1-Hr Average Ozone 1-Hr Average Ozons 1-Hr Average Ozons
3-Hr Average Ozone &-Hr average Ozons

&-Hr Average OIons

Y —p——

=
=]

 pgemnge i o
1 — g Operatonal
o 088 | cowuz. w76 oo Mreshe
0.95 kaintalning prediction
’ F0CUACY 35 (Ne waming
sin s ; e e il mresnald was bowerad and
- TRCh ChrTeant x T emisslons of pollatants ane

enanging
4NR013 SM0M3 S2013 6302013 TI302013 B/292013
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@ Evaluation of experimental NAQFC -

Ozone (pphv)

ozone predictions for 2010,
prior to emissions update

Fil Ap it By =7 The

o]

HEII [ ppbvy

1 Lo ciin e L
o 50 wo

[N ) 1 Lidias blad I
1 M0 XS0 30 35D a 0 1 150 M0 X0 XM 350
Jullan day dulian day

T. Chai et E‘I'., Geosci. Model DE‘U., 2013 momeswmmgmss mode it nere 83001 Sipmo 818742012 Rimy

Ozone overestimation in August is larger in rural areas, during moming hours,
and in the southeast US

NO2 overestimation in August is larger at night §me
Ozone brases higher on weekends, but NO2 biases higher on weskdays

i

@ summary of Emission Data -~

a,
Hiaw

5

Wt}

Sources

Area Sources
US EPA Projected 2012 Nonroad + 2005 NEIs for other sectors;
Canada 2006 Emission Inventory;
Mexico 1996 El for six border states;
Mobile Sources (onroad)
2005 MEl with Cross-State Air Pollution Rule (CSAPR) projection for US sources
Canada 2006 Emission Inventory;
Point Sources (EGUs and non-EGUs)
MNEl 2005 for base year;
Updated with 2011 Continuous Emission Monitoring (CEM) data for EGUs;
Projected into forecast year using DOE Annual Energy Outlook (2013) factors;
MNatural Sources
Terrestriol biogenic emission: BEIS model v3.44
Sea-salt emission: CMAQ online Sea-salt emission model;




@ NOx emission change for 2012 and gy
- 2013 R

ol . NC emission change by

: day of week and holidsy
-10.0 for July compared to
150 those used in 2011
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<. Observed change in NOx -

e Atlanta Boston
E:;m —— e oy el i, sl et |
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¥
E OMI = Ozona mondoring instrumsnt on NASA'S Aura Satelsts
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Yoear
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< Operational and experimental -~
predictions: fraction correct
M2 Sty M o B 405, COMUS D, The? oob. :5: -
g
o w

" [ Performance of experimental predictions is closer to that of

o . operational predictions
Ll

= Hedd 1%t

Drnins, Besciion Cornest, Dypas wu Lage, 1HM UTC Cpele
21 Disbby Ramirmiasrns of Boht awg. CONUS. Desmain, Ths T8

Operational predictions used to be substantially better than experimental

2011 2012 changes 2013 changes

Operational WRF-MMM, | NMM-B, Reusing 2012

ce-Iv 2005 NE 2012 emissicn projections emissions

Expernmental | WRF-MMM, | NMM-B, LBEC, dry deposifion, | Reusing 2012

CBOS 2005 NE 2012 emission projections | minimum PBL height | emissions 1o




3 Smoke predictions -

Operational predictions at httpuiairquality. weather.gov

& Pt j ot Bugrbai fmsiches o Sk o ‘ L e ] ) ‘ Ted jd Bigl Sl werbwwe St e
R e g g — ot g s gl
Surface Smoke Surface Smole Surface Smoke

i i Bk Lk L Tow Mg 3 1L P T
g gy, e
G St el Bl bl o e (i s
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<. Rim Fire
L in California

The largest wildfire ever recorded in Yosemite
National Park. Fire started on August 17.

Transport of emoke towards Reno, NV on §/22
was confirmed by GOE 5-14 satellite imagery.

HW35 office in Reno included smoke and haze
in their forecast.

Ob=erved PM2.5 concentrations peaked
around 2 pm L5T, predicted concentrations at
the surface peaked at 1 pm, and the highest
predicted concenfration was lower than
observed

ke,
T DY e . -
B erlidal e imdiragramese 1) The by IF SN0 GEw I0Y
Vi g 7 T L
a it ol Chigital Gadverss (et

] e e e I PR B

PM25 (ugm3)
sBtBEEEEEEE

1234587 8010114213 1445817481920 1 2223 http:/ [/ sirgualin: weather. gor
LET on August 22, 2013 12




D Smoke Verification: atitie,
July 13, 2009

7M3109, 17-18Z, Prediction: 7309, 17-18Z, Observation:

GOES smoke product: Confirms areal
extent of peak concenfrations

FMS = 30%, for column-averaged
51T I_EE‘-‘""I uglm?

£

_;.:'ln.{l:
®
i

Hing j

-
L3
b

Lovois:  tuym sugm  Smoke Concentration (ug/m’)
FMS (%) 2074 22ps N |
1 5 10 15 20= olher cloud

!@:, Verification of smoke predictions .-
against GOES smoke retrievals "+

Comparison of Threat Score
Comparison for July 2012:
Operational in July 2012
Operational since 7/25/13

0.50

.40

H
0.20

"t b - . - S
o

| + Date/ Maonth
Updates: increased plume rize, decreazed wet deposition, changes in daily e missions cycling
14
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< Verification of smoke predictions
for CONUS

1j|:":l|.|l.
R FETY

Daily time seres of FMS for emoke concentrations larger than fumim3

b "gUUf'@“l”“]'!“.”””'“!

Figure of merit in space (FMS5), which is a fraction of owverlap between predicted and cbserved
smoke plumes, threshold is 0.08 marked by red line

HESDIS GOES Aerosocl/Smoke Product is used for verification

Since July 26, 2013, the model includes the following updates: increased plume rise, decreased
deposition, changes in daily emissions cycling

13
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<@ CONUS Dust Predictions ™
Orperational Fredictions at hipe/ [ aingualicy weather pox/ Vaga

Standslone prediction of
girbome dust from dust
7| storms:

| ~Wind-driven dust emited
where suriace winds
excesd thresholds over
SOUCE TEgions

= Source regions with
emission potential
estimated from MODIS
deap blue climatolepy
{2003-2008):

» Emissions modulated by
rezhtime soil mosturs.

= HY'SPLIT model for
transport, depersion and
deposition {Drader et al,,
JGR, 2010

= Wat depostion updates
in Judy 2013

s Mat ianal Digital Gujdansa alalinsa - E‘E'I'EH:'M sstelits
i el i wakah | ® . qpbm ot product for werfication
" {Zeng and Kondragunta)

16




9. Phoenix, AZ dust event on July 5,201 ‘&%

* Massive dust storm hit Phoenix, AZ
in the evening on Juhy 5, 2011

* Cloud was reported to be 5, 000 feet
when it hit, radar shows heights from
&,000-10,000 feet talland 50 miles
wide

v QOriginated from convection near Tucson

* Stopped air traffic for over an hour

* Arizona DEQ reported a PM10
concentration of 6,348 ug/m® during
peak of storm at site in downtown
Phoenox

*  Storm moved through Phoeni: at 30-20
mph

17

@  PM 2.5 observations in Phoenix gy

3 i—l\,;::._:f'.;-'F
= . Based on observations, heightof .‘E_
. impact on Phoenix was between 8 -, o "
o 3 L PM =nd 10 P LST X ik
- :..'_ —
ey . L i o
iy ¢ " -'-,.—r?" 2|
o Prediced surface dust ; L 1
s i 2 e L concentstions: P , A 5 . e
TN L] e T -ePms ugi ik ER g
Pl AN -~ o2 UL - 10PM §31 ugim? T =N
TR it e e A
§ noiwsssrmies $ Stk
iy WS g
= Pk P = Bl Pl Timing of storm based on
'li: ; ju comparnng predictions to
i | observations looks accurate
e | 1. {albeit perhaps early— 53
= | 1" ug/m? predicied st 7 PM for
‘I_ [ | '.- Phoenix), however, the
AE - e 1. predictions keep the high
B i e R L s o TP, levels seen st 10 P LST for
Bt L e BT S B B T L, e L B s B the next four to five hours, not
il AT seen in the cheervations
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N Dust prediction updates

*  Modulating dust emissions using real-time soil moisture information

Texas dust event on November 2, 2011
- i Fiey Predicted dust Dnrnerrhj_tiun {ug/m3} at the surface

—

L5 s Current model:
Bmissions
modulated by real
time soil moisture
using Bowan ratio
{sansibis hesting!
tetent neaating)

11 n;; n""ﬁwmmmm

s

A widespread dust event cocumed on Now 2 ; | Previous model:
beginning sround 18Z in west central Texas. —L""i{-\ b emissions

This event was the result of ~254kt synopticscale L i not medulated by
winds ahead of a cold front. Through OZ (Mow 3) g T soil moisture

the dust blew south ocovesding all of west Texas

and parts of socutheast New Mexioo. \ II

* Longer time step (10 min vs. & min} provides comparable predictions, but 30% faster
' Reduced wet deposition

19
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=~ Quantitative PM performance &¥:
vat
FOCUS Qroup a0e8ss only, raa-ime 35 MsoU mes parmin Y pa—
o bh ey i precicions v (P s, Tha b wg
Aerosols over CONUS ‘;’,
Frofm NET sources. ooty 2 :
+ CMAL b )
CBOS gases, AERC-4 asrosols r M. .
* Seasaltemissions i 3 ;
- A
Mo wildfire smoke and dust storm emissions i "'3'-‘;:1'[
4 ¥y
:
y L]
1]

A AW R MW ST AT AN SN SN AT e
Sty TP ey P

T M- I T U e
S - — [r—rrety P e —

Forecast challenges

Aerozol @mulation vsng emizeion
invenfofes:

Snow seasonal blas— winler, overpradiction
summer, underpredicion

o L o
iEFC ‘Pm S to Bl prédictions ™ «  intemittent sources
[ g ! - Chemics! boundsny condiionafrans-
o boundarny inputz
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@ Testing new display of predictions

Air Quality Forecast Guidance

gty saptiens s « b Sty Vet Fanna maionpa

Hatonal Weather Service

e S b bE A
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Focus group,
Stateflocal AQ
forecasters:

* Paricipate in realtime
developmental testing of new
capabilities, e.g. asrosol
predictions

* Provide feedback on reliability,
utility of test products

v |ocal epizsodesi/case studies
emphasis

* Hegular meetings; working
together with EPA’s AIRMNow
and MOAL

= Feedback is essential for
refining/improving coordination

Partnering with AQ Forecasters

Examples of AQ forecaster
feedback:

2013

*L ocal and state forecasters urged NOAA to
continue to provide Air Quality Predictions

*Evaluation of ozone predictions in summer 2013
was hampered by unusually low number of high
ozone events especially in southeast US.

2012

*In Connecticut, NOAA model outperformed
[human] forecasts- 73% vs. 54% . The NOAA model
past record of over-predicting during July-August
didnt occur this year. fMichee! Geigert, Connecticut
Dept.of Energy and Environmental Protection)

*in Maryland, NOAA ozone predictions have
improved since 2011: significant improvemsnt in
falze alarm ratic (FAR) with some decrease in
probability of detection (POD). (Laurs Landry,
Maryand Department of the Environment)




WA

US national AQ forecasting capability and recent updates:
* Operational ozone prediction nationwide; substantial emission update in 2012
= Dperational smoke prediction nationwide; recent plume rise update

= Operational dust prediction for CONUS sources; emissions moderated by soil
roisture

= Experimental ozone predictions for CONUS; updated emissions, lateral
boundary conditions, depostion

= Prototype CIMALQ aerosol predictions with MNEI sources

Ifiwhen resources allowwe plan to:
» Maintain operational AQ predictions
» Improve and transition currently experimental ozone into operations

» U=ze |lateral boundary conditions from global dust predictions in testing of PM2.5
predictions

* Testing of smoke predictions with 4 kim meteorology and emission updates.

% Summary and Future Plans %

(%

ER Ty,

I"‘h'h *

£l

e

AQF Implementation Team Members
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@ Operational AQ forecast guidance AV
airquality.weather.gov

Ozone prDl:Il.I cis
Nationwide since 2010

W e 1B et s
a Mt jawal Dl ital Caloleres Bl sl e 2
ol e B P i

| -

Smoke Products
Nationwide since 2010
Dust Products
Implemented in 2012

L
& Wl oot ] Digil el (od e @ Dapd sbosnes
-

Further information: www._nws.n uaa._gnvfd_sﬂ_a\}r;aﬂality

Back up slides
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\"4 Recent progress and updates oY
North American Meteorological model, currently Non-hydrostatic Multi-scale
Model (NMMB) was updated and migrated to new supercomputers

. These mefecrological prediclions are used for all air quality predictions
(July 2013)

Ozone - Substantial emission updates for 2012; reuse these emissions in 2013:

Mobilef used for mobile emissions, but with emissions scaled by
growth/reduction rate from 2005 to 2012

. fon-road area sources use Cross State Rule [nventory
Canadian emissions use 2006 invertory
Dust predictions implemented operationally in March 2012:
Dust emissions are modulated by real-fime soil moisture

Longer time step to speed up dust predictions implemented in October
2012
Smoke updates implemented in July 2013:

Increased maximum plume rise limid from 075 to 1.25 of the PBL depth;
decreased wef removal, changed in daily emissions cycing, made
horizontal puff dispersion rate more consistent with parficle dispersion

All AQ predictions have migrated to new NCEP computers 27

@- Smoke Forecast Tool
Major Components

MNOAR
NWF Model Weather
£l
NAM/MNMME Ohservations ciini
NGA.E':} HWE
NESDIS HMS
Fire Locations
L ]
HY5PLIT Module: - U5FS's BlueSky
NOASDAR Emissions Inventory:
USFS

Verification:
MESDIS /GASP Smoke

http://airquality weather.gov/ 28




<@ Dust Forecast Tool for CONUS  :gv:
- Major Components

NMMB Observations
NOAA/NWS

!

NWP Post-processors
for AQ Modules

W f
HYSPLIT Module: — NOAA/GFDL

NOAA/OAR Map of possible
dust sources

Verification:
NESDIS Dust

http:/fairquality . weather.gov/

20
D Real time verification examples *ﬂr
" Using MODIS Dust Mask Algorithm from NOAAMNESDIS saellite imagery :‘:?i:,:’r‘;

“Footprint” companson:
*Theeshold mnoentration > 1 pg/m?, for avemsge dust in the column
~Tracking threst scores, or figure-of-mesit statistics:

{Area Pred 1 Area Cbs)/ {Area Pred U} Area Obs)
«Initial skill mrget 0.05

NOAAMNCEP MOAASNESDIS
DLUST Forecast DLIST Crmaerearnondy J.4)
JOE T 1 JOUTPC-00T0 e N WD AT | X0 008
r‘— 1 ! ] - o
' [ ¥ J [ =
o = I L - )
40 ) ; w i - =
. \ T L
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- ay "" .
- ;'. & W ¢
Deal Cobamn o mm;m_vm._rn 1]
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D Verification of dust predictions -
et with 10 min and 6 min time step s
e Comparizon of Threat Scone - Coenparisen of Hit Rates
b-|: . ay s
| 1.,
. "ﬂ ‘ "I‘“ |||| |LI..IJJ i o
U T T i L L S ol 0 R T
e Coenparison of FAR . - Comparhen ol PO
oD ‘ “H‘ 1] ‘ ‘ll |‘|l “||h| l |i|l]] i
L -fd‘.\:.".'ﬂ'.\?-}\,_-;'-.'-‘_-.*-? _P:a+#'1~_¢_;.‘b+!-1.***!-__—?-.‘,.!::
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Kt$£PT ~ Physical Activity and Air Pollution Exposure



Physical Activity and
Air Pollution Exposure

Tegan K. Boehmer, PhD, MPH
Sanior Research Scientist

National Air Quality Conference
Durham, NG
February 10, 2014

Objectives

= Summarize health benefits of physical activity and
public health recommendations

= Discuss public health significance of air pollution
exposure while being physically active

= Provide an overview of CDC activities




Objectives

Summarize health benefits of physical activity and
public health recommendations

Discuss public health significance of air pollution
exposure while being physically active

Provide an overview of CDC activities

PHYSICAL ACTIVITY




PHYSICAL ACTIVITY

Figure 6: Deaths attributed to 19 leading risk factors, by country income level, 2004.
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Figure 6: Deaths attributed to 19 leading risk factors, by country Income level, 2004.
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Benefits of Physical Activity

In adults, physical activity lowers risk for:

* Premature death = Colon cancer

» Coronary heart disease = Breast cancer

+ Siroke = Depression

« Hyperiension = Unhealthy weight gain
» Type 2 diabetes = [njuries from falls

In children and adolescents, physical activity is
associated with improved:

* Cardiorespiratory fitness = Academic achievement
* Bone health = Academic behaviors

» Cardiovascular biomarkers = Cognitive skills

» Metabolic health biomarkers

rILlr.IE': [H.wmd}ha]m Eé_\d I-hma.n Sarvicas. 2008 Phyeical Aciivity Guidaines for Amernicans. Ociober 2008.

fersras. hpalth. powipequidefines).
Gumhkmhtdaﬂﬁmammmmmtﬂmaﬂmdbmw activity, |nt:h:lngply..rs]
educsiion, and scadamic performance. 200. hitp A cde gowhaslty youlhheslh End scademses' ;




Benefits of Physical Activity

In adults, physical activity lowers risk for:
* Premature death « Colon cancer
* Coronary heart disease = Breast cancer
= Siroke = Depression
» Hypertension = Unhealthy weight gain
* Type 2 diabetes » Injuries from falls

In children and adolescents, physical activity is
associated with improved:

 Cardiorespiratory fitness = Academic achievement

* Bone health = Academic behaviors

» Cardiovascular biomarkers = Cognitive skills
» Metabolic health biomarkers

U.5. Department of Haalth and Human Sarvices. 2008 Phyeical Acivily Guidelines for Amencens. Oiclober 2008,
hitod e health. gowipeguidelines).
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Benefits of Physical Activity

Osteoporosia
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Prevention of Weight Gamn
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Benefits of Physical Activity

Prevantion of Weight Gain
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Risk of “Disease”

Musculoskeletal Injury

Activity

Sourca: HW Kohl, Universily of Texas School of Public Health

Public Health Impacts of
Physical Inactivity

36% of adults report no leisure-time physical activity

82% of adults and 88% of adolescents do not meet
current federal guidelines for aerobic activity and
muscle strengthening

Estimated medical cost of physical inactivity =
$75 billion per year

- GDC Natomal Haalh interview Survey
2. CDC Youth Fisk Behavior Burvediance System 2008
{ r sl s e e e ouhd raticns san
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Public Health Impacts of
Physical Inactivity

36% of adults report no leisure-time physical activity

82% of adults and 88% of adolescents do not meet
current federal guidelines for aerobic activity and
muscle strengthening

Estimated medical cost of physical inactivity =
$75 billion per year

. GDC Natiomal Health interview Survey
2 GDC Youth Résk Behavior Gurvellance System 2008
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Physical Activity Guidelines for
Americans (US DHHS)

-www.health.gcw,l’ paguidelines




Physical Activity Guidelines for
Americans (US DHHS)

,'___ ' Viiruit ar vl
.__’- Where Kics Live, Learn

www.health.gov/paguidelines

Physical Activity Guidelines
Children and Adolescents (6—17 yrs)

= g0+ minutes of physical activity every day

= Aerobic: Most of 60+ minutes should be moderate- or
vigorous-intensity aerobic physical activity, with vigorous-
intensity activity at least 3 days per week.

Muscle-strengthening: at least 3 days of the week
Bone-strengthening: at least 3 days of the week

= Encourage participation in physical activities that
are age appropriate, enjoyable, and offer variety




Physical Activity Guidelines
Children and Adolescents (6—17 yrs)

= 60+ minutes of physical activity every day

= Aerobic: Most of 60+ minutes should be moderate- or
vigorous-intensity aerobic physical activity, with vigorous-
intensity activity at least 3 days per week.

= Muscle-strengthening: at least 3 days of the week
= Bone-strengthening: at least 3 days of the week

= Encourage participation in physical activities that
are age appropriate, enjoyable, and offer variety

Physical Activity Guidelines
Adults (18-64 yrs)

Avoid inactivity. Health benefits are seen with any
amount of physical activity.
Substantial health benefits seen with:

= 150 min/week of moderate-intensity aerobic activity

= 75 min/week of vigorous-intensity aerobic activity

= Activity episodes for at least 10 minutes, throughout week
Additional health benefits seen with:

= 300 min/week of moderate-intensity aerobic activity

= 150 min/week of vigorous-intensity aerobic activity

Muscle-strengthening activities at least 2
days/week provide additional benefits




Physical Activity Guidelines
Adults (18-64 yrs)

Avoid inactivity. Health benefits are seen with any
amount of physical activity.
Substantial health benefits seen with:

= 150 min/week of moderate-intensity aerobic activity

= 75 min/week of vigorous-intensity aerobic activity

= Activity episodes for at least 10 minutes, throughout week
Additional health benefits seen with:

= 300 min/week of moderate-intensity aerobic activity

= 150 min/week of vigorous-intensity aerobic activity
Muscle-strengthening activities at least 2
days/week provide additional benefits

Physical Activity Guidelines
Older Adults (65+ yrs)

= Same four principles on previous slide, but
additional qualifying guidelines:
= Guidance for adults who cannot do 150 min/week
= Use relative intensity to determine level of effort
= Be aware of chronic conditions and injury risk
= Recommend balance exercises for persons at risk of falling




Physical Activity Guidelines
Older Adults (65+ yrs)

= Same four principles on previous slide, but
additional qualifying guidelines:
Guidance for adults who cannot do 150 min/week
Use relative intensity to determine level of effort
Be aware of chronic conditions and injury risk
Recommend balance exercises for persons at risk of falling

Physical Activity Guidelines
Chapter 6: Safe and Active

= Exposure to air pollution is associated with several
adverse health outcomes, including asthma attacks and
abnormal heart rhythms.

People who can modify the location or time of exercise
may wish to reduce these risks by exercising away from
heavy traffic and industrial sites, especially during rush
hour or times when pollution is known to be high.

However, current evidence indicates that the benefits
of being active, even in polluted air, outweigh the risk
of being inactive.




Physical Activity Guidelines
Chapter 6: Safe and Active

= Exposure to air pollution is associated with several
adverse health outcomes, including asthma attacks and
abnormal heart rhythms.
People who can modify the location or time of exercise
may wish to reduce these risks by exercising away from
heavy traffic and industrial sites, especially during rush
hour or times when pollution is known to be high.
However, current evidence indicates that the benefits
of being active, even in polluted air, outweigh the risk
of being inactive.

AIR POLLUTION EXPOSURE
WHILE BEING ACTIVE




AIR POLLUTION EXPOSURE
WHILE BEING ACTIVE

How Physical Activity Affects
Air Pollution Dose

= Concentration varies across microenvironments
= When and where activity occurs
= Time spent in microenvironment
= Duration of activity (e.g., active travel vs. driving)
= Ventilation rate correlates with intensity of activity

= |ncreased ventilation rate: more breaths/minute

= |ncreased velocity of breaths: forces air deeper into lungs
and increases deposition fraction

= More mouth breathing: bypasses nasal filtration
= Dose is dependent on age, sex, and body size

Giles and Koehle, Sports Med 2013.
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Air Pollution & Physical Activity
Joint Health Effects

= Mortality risks vs. benefits
= Studies on increasing active travel consistently show that
benefits (physical activity) > risks (air pollution and injury)

= Modeled predictions of hypothetical scenarios using
relative risk data from literature

= Interaction effects are not well studied
= Short-term exposure and acute health effects
= |long-term exposure and chronic health effects

= Built environment plays an important role in
determining air pollution and physical activity levels




Air Poliution & Physical Activity
Joint Health Effects

= Mortality risks vs. benefits
= Studies on increasing active travel consistently show that
benefits (physical activity) > risks (air pollution and injury)
= Modeled predictions of hypothetical scenarios using
relative risk data from literature

= Interaction effects are not well studied
= Short-term exposure and acute health effects
= |long-term exposure and chronic health effects

= Built environment plays an important role in
determining air pollution and physical activity levels

Short-term Exposure and
Lung Function

= 60 adults with asthma walk for 2

me—k § W
hours along two different routes w

= Larger decline in lung function after
walking more polluted route
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Short-term Exposure and
Lung Function

= 60 adults with asthma walk for 2
hours along two different routes

= Larger decline in lung function after
walking more polluted route
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Long-term Exposure and
Asthma Incidence

Cohort study of 3,535 children 9-16 yrs
Southern California, 1993-1998

Playing 23 sports increased risk of
asthma in high ozone communities,
but not in low ozone communities

Low orone communities High ozone communities

M {incidence)® RRE(85BCH N (incldence* RR (95% Cl)

MNumber of

sports played
58 0-027) 1.0 46 (0-018) 10
S0 (0-033) 1-3{0-9-1.9) 40{0-021) 1-3 {0-B-2-0)
20 (0023 4} 16 (0-020) 1.3 (0.7-2.3

08 [(R5-1-
(0019 | 0:8 (C4-1-8) 20 (0-050)

McConnell B, et al. 2002, Lancet




Long-term Exposure and
Asthma Incidence

= Cohort study of 3,535 children 9-16 yrs
= Southern California, 1993-1998

= Playing 23 sports increased risk of
asthma in high ozone communities,
but not in low ozone communities

Low ozone communities

High ozone communities
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58 (0-027)
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Role of the Built Environment

= Neighborhood walkability and air pollution
concentrations correlated (Vancouver, Canada)

= Compare ischemic heart disease mortality in So. Cal
neighborhoods

= High-walkable:

— 7 deaths from
increased physical
activity
6 more deaths
from increased
air pollution
(+9PM,.—30,)

| = Walkability

e NO
A 0,

Dilasce bun cip contes js

Marshall JD, et al., 2009 Erviron Health Perspect; Hankey S et al. 2012 Environ Health Parspect
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Role of the Built Environment

= Neighborhood walkability and air pollution
concentrations correlated (Vancouver, Canada)

= Compare ischemic heart disease mortality in So. Cal
neighborhoods

= High-walkable:
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CDC ACTIVITIES




CDC ACTIVITIES

CDC Physical Activity
and Air Quality Workshop

= Panel of 25 scientists from physical activity and air
pollution disciplines

= Atlanta, April 2010

= Workshop objectives:
= Review state of the science
= Provide recommendations to CDC on how to advise the
general public and public health officials on physical
activity in regard to outdoor air quality




CDC Physical Activity
and Air Quality Workshop

= Panel of 25 scientists from physical activity and air
pollution disciplines

= Atlanta, April 2010

= Workshop objectives:
= Review state of the science

= Provide recommendations to CDC on how to advise the
general public and public health officials on physical
activity in regard to outdoor air quality

CDC Workshop Findings:
State of the Science

= A large body of evidence within each discipline

= More research is needed to address intersection of
physical activity and air pollution exposure

= Subset of workshop attendees working on a paper
to advance the evidence base:

= Highlight need for better understanding about the
intersection of physical activity and air pollution
= Propose an integrated research approach

= |nform evidence-based policies and recommendations
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= More research is needed to address intersection of
physical activity and air pollution exposure

= Subset of workshop attendees working on a paper
to advance the evidence base:

= Highlight need for better understanding about the
intersection of physical activity and air pollution
= Propose an integrated research approach

= |nform evidence-based policies and recommendations

CDC Workshop Findings:
Public Health Guidance

Promote physical activity while reducing risk from
outdoor air pollution exposure
Outline factors that impact risk:

Individual susceptibility

Likelihood of exposure (when, where)

Level of physical activity (duration, intensity)

Type of pollutant
Consider unique communication needs of
subpopulations

Improve air quality (primary prevention)




CDC Workshop Findings:
Public Health Guidance

Promote physical activity while reducing risk from
outdoor air pollution exposure

Outline factors that impact risk:

= |ndividual susceptibility

= |ikelihood of exposure (when, where)

= Level of physical activity (duration, intensity)

= Type of pollutant
Consider unique communication needs of
subpopulations

Improve air quality (primary prevention)

Air Quality & Outdoor Activity
Guidance for Schools

EPA and CDC collaboration
Update physical activity
guidance associated with
the School Flag Program

Goal: Keep kids active!

Take into consideration that
air pollution exposures
during school day are of
short duration

= 15 minute recess

= 30 minute PE class

hitp:/www.cdc.gov/air/air_health.him
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Air Quality & Outdoor Activity
Guidance for Schools
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Air Quality & Outdoor Activity
Guidance for Schools
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Air Quality & Outdoor Activity
Guidance for Schools
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Air Quality & Outdoor Activity
Guidance for Schools
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State Asthma Control Program Activities

= Utah: developed “Recess Guidance for Schools”
based on outdoor air quality

= Provide link to daily air quality and resources for keeping
students with asthma healthy and safe

= Developed three tutorials (available on website)
= Email recess air quality alerts to 240 school personnel

= 84% of principals/staff aware of and used guidance

http//www.health.utah.gov/asthma/schools/ag_guidelines.htmi
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= Utah: developed “Recess Guidance for Schools”
based on outdoor air quality

= Provide link to daily air quality and resources for keeping
students with asthma healthy and safe

= Developed three tutorials (available on website)
= Email recess air quality alerts to 240 school personnel

= 84% of principals/staff aware of and used guidance
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State Asthma Control Program Activities

= Minnesota: developed “Air Quality Guidance for
Schools and Child Care Facilities”

= Provide alternatives to outdoor activities, including San
Joaquin Valley’'s Active Indoor Recess (AIR) curriculum
www.valleyair.org/programs/ActivelndoorRecess/intro.htm

= Indiana: promote “Fly a Flag for Clean Air” program
= Notify school and neighborhood about daily air quality

= Also adopt no-idling and tobacco-free campus policies

htip:/Mwww.health.state.mn.us/divs’hpcd/cdes/asthma/school.himl
http:/Amwww.in.gov/isdh/25321.htm
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MOVING FORWARD




MOVING FORWARD

Physical Activity and Air Pollution
Guidance — Exposure Issues

= Local air pollution levels needed to help inform
individual’s physical activity decisions
= Compare concentrations between different routes

= Vancouver Cycling Route Planner
http://www.cyclevancouver.ubc.ca/cv.aspx

= Consider the proportion of total air pollution dose
resulting from physical activity
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= Local air pollution levels needed to help inform
individual’s physical activity decisions
= Compare concentrations between different routes

= Vancouver Cycling Route Planner
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“Least traffic pollution” route
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Physical Activity and Air Pollution
Guidance — Messaging Issues

Make it applicable to all types of physical activity,
not just “exercise”

= Travel, household, occupational, and leisure-time

Address at-risk populations

Address microenvironments
= Proximity to major roads, urban/rural settings
= Time of day, seasonality

Encourage physical activity and time outdoors!
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Change the Paradigm
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Change the Paradigm

MahoningValleyAfr om;

MahoningValleyAir ors

Thank You

Contact information:
Tegan Boehmer, PhD, MPH

tboehmer@cdc.gov

For more information ploase contact Conters for Disease Control and
Prevention

1600 Cifton Road NE, Aflanta, GA 30333

Talephona, 1-B)-COC-INFD (232-4836)TTY: 1-888-232-6348

E-mail: cdonfoi@cde gov  Web: ww.cdc.gov
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Baron Advanced Meteorological Systems During Fat¥aar 2013



Hatioral Asonamtics
Forecasting a Better Future E‘.&“ and Space Adminisiration

Advancements in Operational
CMAQ MODIS AOD Data-
Assimilation at Baron
Advanced Meteorological
Systems During Forecast Year
2013

John M. McHenry,
Jeff Vukovich, Don Olerud, and W.T. Smith

Baron Advanced Meteorological Systems

EPA Nodonal Alr Juaily Conferense, Feh 77, 2074, Durham, N C

Forecasting a Betrer Future

Outline of the Talk

» Review of the MODIS-DA Modeling Component

» Review of Preliminary Real-Time Testing
Results

« Improvements: Assimilating Surface PM2.5
Observations

- Initial Performance Analysis of Improved
System
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Review of the MODIS-DA Modeling
Component

The promise of chemical data assimilation: An Example

Mo MODIS Assimilation MODIS Tau Assimilation

Day 1 Forecast

Day 2 Forecast

Forecasting a Betrer Future

Review of the MODIS-DA Modeling
Component

CMAQ-DA 2DVAR Algorithm Development

* The software implements a 2-D Variational Data-
Assimilation system that produces an optimal AOD
“analysis” through statistical blending between
background CMAQ AOD and observed MODIS AOD.

MODIS AOD is captured using both “Dark Target’ and
“Deep Blue” algorithms, the “Deep Blue” providing
additional coverage over bright reflecting surfaces
(Collection 5).

EFA Mad onal Alr Gually Conferenoe, Fab 11
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Review of the MODIS-DA Modeling
Component

Data Assimilation Module: Observation Space
Formulation for AOD

Tb.l'. = H“" [Cm] + Epy [1} Model Mass Concentrationto AOD

Tar = Top + PeHT [HPHT + R} [Top= H (T )]
(2) bata assimitation Step

Crn = Hin (Tan ) + &0 (3) analyzee 400 10 Moce Mass Concentrasion

EPA Nodonal Alr Juaily Conferense, Feh 77, 2074, Durham, N C
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Review of Initial Real-Time Experimental
Implementation and Testing

Late-Fall; 19-day period after DA spin-up

» The initial system was designed to produce real-time optimal
ADD “analyses” using 2DVAR; but not forecasts.

* The objective was to evaluate whether or not the analyses
improve against “none-assimilated” vanilla cycling, starting
with evaluation of total surface PM2.5.
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Initial Real-Time Experimental
Implementation and Testing

Late-Fall; 19-day period after DA spin-up — December 10

Airllow 24-hour average PMZ.5 surface measurements as
diamonds against CMAG_DA 24-hr average {062-06z)

sexBERTRRNE

—
LILERRREREARUARERRUNL] N

& kg
o —

EPA Nodonal Alr Juaily Conferense, Feh 77, 2074, Durham, N C

Forecasting a Betrer Future

Initial Real-Time Experimental
Implementation and Testing

Late-Fall; 19-day period after DA spin-up — November 30

Airflow 24-hour average PM2.5 surface measurements as
diamonds against CMAGQ. DA 24-hr average [06z-06z)

(UGN NERRARIANREN]




Halional Aeonmtics
Forecasting a Better Future El_m. ané Spce Adminisration

Initial Real-Time Experimental
Implementation and Testing

Late-Fall; 19-day period after DA spin-up

Representative improvements in California (dust components
probable}

Glendora-Laurel Anaheim
site in LA county

EPA Nodonal Alr Juaily Conferense, Feh 77, 2074, Durham, N C

Forecasting a Betrer Future

Initial Real-Time Experimental _
Representative

Implementation and Testing e
Texas/Desert 500
[{biomass burning
in Mexico)

Late-Fall; 19-day period after DA spin-up
Harris County TX

Clark County
Nevada

Corpus Christi TX

EFA Mad onal Alr Gually Conferenoe, Feb 11, 2014, Durham, N T
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Initial Real-Time Experimental
Implementation and Testing

Late-Fall; 19-day period after DA spin-up

Representative improvements in Florida (modest biomass
burning)

Melbourne — Brevard Dunn Ave — Volusia
County County

EPA Nodonal Alr Juaily Conferense, Feh 77, 2074, Durham, N C
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Initial Real-Time Experimental
Implementation and Testing

Late-Fall; 19-day period affer DA spin-up:
Time-series of performance statistics in the

" Bias; East US "Vanilla" vs "Assim” i MAE: East US "Vanilla" vs "Assim"
R - 1

i

ot
[ r |

- M Jkl_'

= i &G

0.040 Bias
line

Big improvement in
skill first three days;
little change in skill
rest of period (clouds
likely a big issue}

rence, Fab 11, 2044, Durham, NC
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Initial Real-Time Experimental
Implementation and Testing

Late-Fall; 19-day period after DA spin-up:
Time series of performance statistics in the

Bias: West U‘S"ﬁl‘lnﬂll'ﬁ " Bssim™ = 3 ‘MiE West US "Vanilla® v "Assim™
Ry

acon BRI

0.04 Bias
line

B g b 1 iy

RPASE: Wt US "Vanllla® vs
7 — Major improvement in Bias

throughout period

Larger Errors days 2-6

Smaller Errors days 10-14

EPA Nodonal Alr Juaily Conferense, Feh 77, 2074, Durham, N C
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Initial Real-Time Experimental
Implementation and Testing

+  Initial evaluation of 19-day late fall period against daily-average Airlow surface
P25 [TECM} showrs:

Elg‘d‘l’gﬂi pq:m:ma?lesnt in the East first three days and litle d'rarge Ia:bl'
{clouds)

Much improved bias in West over enfire penod
Degraded error in the West days 2-6
Modest improved error in the West days 10-14
- On gudng m‘repﬂrﬁdallhai timne:
Whe it ooours, worsening of performance at e surface may result from nof

disfinguizhing asrosals aloftin MODIS: will be binging in ohserved zurface
PM2.5 in upooming scheme revsion == FOCUS of this talk. impacts

Tuning of cnrreia'hm lengiscale in2DVAR scheme may be neaded (DONE]

& minar differeno in ADD udu.l:la.tun between GWMAQ and M(ﬂlﬂfmﬂ&he
MWMMMM in the final AQD “analysis.” We are
looking st this, 1UHI'IEE[JEI:|}

F'Fmtumh‘gﬁe'hpug:ﬂahmﬂ status in the lﬂ.tespﬁﬂgfeﬂdr sumener time frame.
{DONE — Mo running 15 daily B0-hour forecasts, 067 Cycle}

EFA Mad onal Alr Gually Conferenoe, Feb 11, 2014, Durham, NC
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Improvements: Assimilating Surface PM2.5
Observations

Ch= Hlm I:T.,, }4‘ Em {3} Anatyzed K00 to Model Mass Conceniration

aﬁmmmm mmrdnpm ﬁgmm opnaients:

For increasing Tau, all background accumulation or coarse mode aerosol species
concentrations are adjusted upwards except:

= Ower the ocean: sulfates, nitrates, and chlorine

Near the coastline: sulfates

= Inland: sulfates, sea-salts
For decreasing Tau, all accumulation and coarse mode species may be adjusted
downaard
MNothing is done to adjust modeled NOZ2, which is assumed “as good as can be™
in the model due fo its short life-time and relatively local nature
Further species discrimination in the iterated-inverse adjustment is made based
on “smoke” versus "dust” categorizations availabie from MODI 5

EPA Nadaonai Alr Juailny Canfe e Feh 71, 2074, Durham, NC

Forecasting a Betrer Future

Improvements: Assimilating Surface PM2.5
Observations

mmﬂ mtu-gmﬁ mn#@mlﬁh#}m

Alr Quplly Conference, Feh 11, 2092, Durham NC
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Initial Performance Analysis of Improved
System

Defined as | minlat maxiat  minlon | maxion SN sy
s “ . ' i zsr Hi _m: R i e et
MNortheast 3 50 =90
SouthCentral | 37 08
MorthCentral 50 =105
SouthWest 25 a7 125
NorthWest 50 A25

EPA Nodonal Alr Juaily Conferense, Feh 77, 2074, Durham, N C

Forecasting a Betrer Future

Initial Performance Analysis of Improved
System

MNORTHEAST: Warm Season

= BAO0I S 354 il FLon IREsE

= Vanilla hModef BeRer

EFA Mad onal Alr Gually Conferenoe, Feb 11, 2014, Durham, N T




‘asder

85045

10.2820

23775

(3.5101) 42870

(45869 58824

D31 <0.357T

04785 0.5703

0TR42 0.5TT1

27 (03128) Ba4se
pesie (D717T) OF

= MODIS assimilation improwes

= Vanilla hModel Babler
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Initial Performance Analysis of Improved
NORTHCENTRAL: Warm System

Season

; gl )
BA4STE E4STS  Ta8ET 73587
5006 93410 9.B%EE 10,0487
ot
@r{g.ﬁ-@ G018 28520
BT (25039 4TI 4039 )
51564 145714 G4p0s {52847
NCRINCENTRAL: Eool 04561 OEERI 09853 10584
Season 07505 08151 L1210 1.1852
04748 05858 0288  0.6440
3559

{n.3s72) 0.3848
(07848 O.7905 0.7274

= MO assimilation imprones

= Vanilka Modsd Beter

EF& Nadonal Alr Qually Conferenoe, Feb 17, 2014, Durham NC
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SOUTHCEMNTRAL : Warm
Season

2

7.5871
0,078
2 4515
3.8805
50084
SOUTHCENTRAL: Cool e
Season : 2 DE321
08778
03337
06742

A
i
R

TR, w0

&)

= MODIS assimilaticn Improes

= Vanilla Moded Be et

EPA Nadaonai Alr Juailny Canfe e Feh 71, 2074, Durham, NC
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Initial Performance Analysis of Improved
NORTHWEST: Warm Season System

= BODIS Busim | aniem (mprmes

& Vanilta Model Beflst

EF& Nadonal Alr Qually Conferenoe, Feb 17, 2014, Durham NC
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Initial Performance Analysis of Improved
System

SOUTHWEST: Wam Season

1000B4D. 5.7HG4
95234 1.59285
Dan7) 10008
(873T) 42988
4gmi ) 77209
SOUTHWEST: Cool Season 02408 02799
05291 065132
04176 0.2295
bRl
0.T2TG ) 0.5888

= WD D1 § ssimile on bmproves
='vanilis Modsi Badisr

EPA Nodonal Alr Juaily Conferense, Feh 77, 2074, Durham, N C

Forecasting a Betrer Future

Initial Performance Analysis of Improved
System

EP& Nad onal Alr Guallly Confen Fab 17, 2074 Durham NC
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Initial Performance Analysis of Improved
System (Forecast Day 1)

=  NORTHEAST: Warm Season

= MODIS a8 8Iml B 0R improved

= Vanilty Moo Beler

EPA Nodonal Alr Juaily Conferense, Feh 77, 2074, Durham, N C
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Initial Performance Analysis of Improved
System (Forecast Day 1)

SOUTHEAST: Warm Season

SBEE4 D624
11.118
g

( {429:4:':
EEE,
‘50676
0. 2406
05041
(05050,
(73554,
=T

= MODIS assimidlation improves

= Vaniita Moded Baller

EFA Mad onal Alr Gually Caonfer Fah 11, 2014 Durham NC
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Initial Performance Analysis of Improved
System (Forecast Day 1)

= HNORTHCENTRAL: Wam - —
L PSR | Wam

BT4EZ  BT4ED
97957  10.1808
R

{55—-::'5 ) 1434

47995 3803

53778 (45208

0.5817 erds
NORTHCENTRAL: Cool 08424 0ETHE
Season

05890 0.6117

02778 lpaem) Dares

o708 ‘o4’ (D.7ETE

= MODIS assinsiismon improves

= Vanilla Model Beger

EPA Nadaonai Alr Juailny Canfe e Feh 71, 2074, Durham, NC
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Initial Performance Analysis of Improved
System (Forecast Day 1)

=  SOUTHCENTRAL: Warm
Season

52387 SRITE
-1:3842 Lp.TO5T
47887 /A 1EE
£.5350
£.0018
SOUTHCENTRAL: Cool T
Sedtn 0,372
gA172
06118

= MODIS assimilation imprmmes

& Vanillta Model Befs

EFA Mad onal Alr Gually Caonfers Fah 11, 2014 Durham, NC
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Initial Performance Analysis of Improved
System (Forecast Day 1)

NORTHWEST: Warm Season

f0.2345
(o519
DA77
0.8533

QiR

0.1148)
(0. Fopa )

= MODIS assimilation imperses

= Vanilia Model Befer

EPA Nadaonai Alr Juailny: Canfe e, Feh 71, 2074, Durham, T
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Initial Performance Analysis of Improved
System (Forecast Day 1)

SOUTHWEST: Wam Season

91875 107842 07642
28380 BE2IE
[o54Bt) 254z

S2312

37225
-0,2389
08852
QATTE
01604
Lk T

= MO8 s stomils fion b proves

= Wanilia Modsl Bedisr

EFA Mad onal Alr Gually Conferenoe, Feb 11, 2014, Durham, N T
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Initial Performance Analysis of Improved
System (Forecast Day 1)

EPA Nodonal Alr Juaily Conferense, Feh 77, 2074, Durham, N C

Forecasting a Betrer Future

Initial Performance Analysis of Improved
System (Forecast Day 2)

NORTHEAST: Warm Season

0225
10,8047
-; 11
[Py
(53172)
s
08873
0.7248
—

75

= BAO0I S 354 il FLon IREsE

= Vanilla hModef BeRer

EF& Nadonal Alr Qually Conferenoe, Feb 17, 2014, Durham NC
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Initial Performance Analysis of Improved
System (Forecast Day 2)

SOUTHEAST: Wam Season

4 ! e .% 3
S b IR AT e B.3013
106028 10.2593 2.5459

@ 11424 g-W-} 12442
: (s2099) ZTeser gaose

E6151 E4%5) 53148 50049,
01521 0154 opose bseed
0.5247 05231 05381 0.5340
05832 09314 08180 O.7407
paszs  goes3 )(Dzeil 02758
07237 P77 ) DEEIE  gETIA )

= MOHD S BEiml S on IMpRoves

= Vanilka Réo-del BoRer

EPA Nodonal Alr Juaily Conferense, Feh 77, 2074, Durham, N C
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Initial Performance Analysis of Improved
System (Forecast Day 2)

=  MNORTHCENTRAL: Wam
Season

ETI4 BTN

9,845 5.6853

4134, ) foo3m

315853 (1.B15E, (3.8808)

2585 Emﬁ: (4
NORTHCENTRAL: Cool D470 DEEIZ 0TI
Eeazon O.7B76 08271 0.9505

0.5755 06354 [B4E

0.2685

0.7118

= BIODIS 2 551mi lITon iImpaoes

= Vanilla Model Beler
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Initial Performance Analysis of Improved
System (Forecast Day 2)

SOUTHCENTRAL - Warm
Season

108310 - T4128
92952 100855 S9D5D

-1.3388 "':'_"5-6!5| (5_;3-2})

43154 (B4m21)

BETTE BT
SOUTHCENTRAL: Cool 00008 GUTA2  Dag3
Season 0.4530 04728 0.6438

03832

0.1151

0.6082

= MODIS a8 imilation Improves
= Vanilta Model Baster

EPA Nadaonai Alr Juailny Canfe e Feh 71, 2074, Durham, NC
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Initial Performance Analysis of Improved
System (Forecast Day 2)

NORTHWEST: Warm Season

= MODIS assimilancs improves

= Yanilka Moded BeBer

EFA Mad onal Alr Gually Conferenoe, Feb 11, 2014, Durham, N T
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Initial Performance Analysis of Improved
System (Forecast Day 2)

=  SOUTHWEST: Wam Season

91381 10.7T1
82485 88409
(pgsss! -1.9308
boses) Tezk
02739 03784
05588 g.7eTR
03131 0.1740
Gastt) Quzs
08577 o472

= WD D1 § ssimile on bmproves
='vanilis Modsi Badisr
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Initial Performance Analysis of Improved
System (Forecast Day 2)

EF& Nadonal Alr Qually Conferenoe, Feb 17, 2014, Durham NC
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Overview of Forecast Lead-Time Results by
Region/Season

= Mudh I proves ME - Warm
= Mo dest lmmrowes ME - Cool
 § = ey 53 ght mproves SE-Warm
ey = LHis Change SE- Cool
&  =very sight dsgrads NC

- Warm

= Modest Disgrade s
NG - Cool
= Muoh Dagredes
- Warm

: - -{Lool
: indicates the o i

assimilated model ol
worsened s
an already high bias ool

e d AR N TR R

EPA Nad onal Abr Jusdin: Co

Forecasting a Betrer Future

On the Horizon: Further improvements with

the use of surface PM2.5 Observations
memmmmmm whan

HHIII}'H I&‘mﬂm Eiﬁlr-'ln nl.“nl
Mﬂlu&u—-lﬂaﬁm.- the werbioel
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Conclusions

Initial Performance Analysis of the BAMS CMAQ-MODIS-DA analysis and
forecast model forVWarm and Cool Seasons by Six Sub-regions shows:
forecast day in many regions.
cloudiness is not as much of an issue
- Impressive improvements in the 5W U S (all seasons) and South
Central during the warm season
= Bome areas u!ﬁmmeﬂt —
+ ME U5 where vanilla performance is already very good
= The Pacific HW wanm season {clouds?)
+ Cool season in the central US (clouds?) :

+  Analysis of regions/seasons that did degrade show that *increases* in
an aiready high bias played a role in stafistical degradation. Thus first
order of business is to implement the additional vertically-sensitive
improvements in the TAlkinversion step using real-time PM2.5 surface
observations

M EPA Nodonal Alr Juaily Conferense, Feh 77, 2074, Durham, N C
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Contact Information

Web: http:/fwww.baronservices.com

John N. McHenry, Chief Scientist
Baron Advanced Meteorological Systems
1009 Capability Drive, Suite 312
Raleigh, NC 27606

Email: john.mchenry@baronams. com
Phone: 91%-839-2344
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Small Sensors and Citizen Science
What is AirNow’s Role?

.E i - Overview I

* AIRNow Satellite Data Processor (ASDP)
— Data fusion concept

* Global Ozone Initiative (GO3)

* ORD initiatives
— Next Generation Air Monitoring (NGAM)

— Village Green

* Other potential citizen science applications




.= i - Instruments versus Cost I

£t ’;f B Goal . _
ﬁf ¥y i Air Quality Instruments
Vo
5
$21
E s
e 5 years
g = 10 years SUPast
& ot Hobbyist/School = yEI
= f E {microfeth) Creganimtion Ag.:_-nq.
: eBam)  (EEm) ;
$1,000 $5,000 $15,000 $25,000
Estimated Equipment Cost
|EB.MJ-EHWU1H‘H’IHDEE‘JEIEEREIUCH monkor, FEM = Federal Eguhaient Memog, Asth = AsthZiomeler | z

m. E!- Global Ozone Initiative I

* Schools buy a $600 kit to monitor ozone

* Worked with STI to allow that data to flow
into a separate AirNow database

* STI has done analysis showing the GO3 data
compares well with standard ozone
instruments




ASDP: Project Objectives

Without satellite
data, contouring
would not be
possible in the
hatched areas.

* |mprove operational air quality maps currently in AIRNow

and make them available 24 hrs a day every day

* Provide satellite data products in AIRNow-Tech

— Initially PM2.5, but limited only by available satellite instruments

* |mprove tools for air quality forecasting

Preliminary Results: Smoke and Mo Monitors (Kansas)

MODIE & AIRMow Observations

Smoke in Nebraska (MODIS and
AOD)

No Monitors

ASDP adds information (Moderate)
MNext Steps: How good is this
information (scientific and socio-
economic POV)




Chserved Data Satellite Data

.-

MODIE & AlRMow Observations

« High ACD (smoke?) in central Indiana

+ Large USG area due to interpolation

« ASDF constrains the monitor
influences

« Next Steps: How good is this Fused Data
information? (scientific and socio-
economic value)

US EPA ORD Initiatives

* Next Generation Air Monitoring (NGAM)

— Workshops bring together sensor designers,
state, local, tribal agencies, and EPA

— Taking stock of the technology and its impact
— Some work being done to move AirNow closer
to being able to accept sub-hourly data

— AirNow also being considered as a source of
FRM and FEM data for small sensor evaluation




US EPA ORD Initiatives

* Village Green

— A self-contained monitoring bench was installed
at a public library in RTP
— Delivers small sensor data to a server at EPA for
display to the public
— Talks underway to incorporate this dataflow in
AirNowTech
* Replication of the VG benches will be easier

* Data will be more easily available to AirNow
stakeholders

Other potential applications

* Environmental education

— Small sensors are a great way to teach

Granularity

— Small sensors can provide data in many more
locations than traditional monitors

Field studies

Your ideas?
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AR CLIMATE & ENERGY RESEARCH PROGRAM
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2014 National Air Quality Conference, Durham, NC

Air Sensor Kits for Outreach

Dana Buchbinder and Gayle Hagler
U.S. EPA Office of Research and Development

The EPA scientist role in Science, Technology,
Engineering, and Math (STEM) outreach

Questions we ask ourselves:
-What can we do in our few spare
hours to inspire students to learn ©
about environmental science and B %
engineering? o

- What do we wish we had :
exposure to when we were
growing up?

-How can we find low cost ways
to bring hands-on activities and
demonstrations to the classroom?
-How can we leave a lasting
impact and avoid putting students
(or ourselves!) to sleep?

EP/ " S ST
e DT o FEmemrcn aE TewoTe T




The working EPA scientist role in Science,
Technology, Engineering, and Math (STEM) outreach

Many outreach activities at EPA-RTP

WS Ewmrcumeese Crowcon By 3
(=i o Pawerz e Davsizomant

The emerging world of low cost sensors and
electronics — an opportunity for STEM outreach and
air science

A growing world of electronics supporting creative projects:

Arduino microprocessor—a
simple computer

Lilypad Arduino —
electronics meets home ecl

T 4
Office of Samssnc and T comant




The emerging world of low cost sensors and

electronics — an opportunity for STEM outreach and
air science

Example air sensor components:
Mitrogen dioxide sensar Carbon dioxide sensar Particle sensar

mages counesy of Fon Willises)

- Bome are ‘raw” components that need

e additional electronics work (an opportunity to
BERSOE build and learn!)
- 5ome are ready to turn on and collect data (an
opportunity to measurel)
/ - All are portable, data quality is variable
FP eyt

The emerging world of low cost sensors and

electronics — an opportunity for STEM outreach and
air science

Other sensors beyond air:
Moise Light

Mation (accelerometer) L

Temperature

T

R
Office of Samssnc and T comant o




Design of an air sampler: the basics

Learning how an air sampler is designed: the basic elements

Computer
Air sensor ("data in,

Data

display out™) Sapiay

FP/ "o T T

L

Design of an air sampler: the basics
lMany examples emerging:

Computer Data ‘Carbon dioxide-
display ‘sensing flower
‘demo

Air sensor (*data in,
display out”)

CO; sensor Arduino board

Light-up flowers
displaying color
based on
concentration

EP/ " - S T

e of Cwmssncn anc T coman




Design of an air sampler: the basics
Many examples emerging:

Computer Data
Alr sensor s ("data in, - [P
display out”) L

|'Wearable
particle sensor

Farticle sensor Lilypad board

Wearable Winner of DHH S/EPA's
sensor with light | My HealthiMy Air contest:
indicator of Cavid Kuller, Gabriefis

. Drochte and Dot Ke
concentrations b el

FP, vl

WS Ewmrcumeese Crowcon By g
(=i o Pawerz e Davsizomant

Today’s focus: Air sensor kit for outreach
Same general design strategy:

Computer
Air sensor (“datain,

Diata

display

display out”)

Goals:
1. Hands-on leaming about multiple STEM topics: air measurement science,
electronics, computer programming.

2. Realtime and interactive data collection on an air pollutant of interest.

3. Afun, memorable experience that fits within a classroom hour!

oAk i

e of Cwmssncn anc T coman




Air sensor kit for outreach

Computer
Air sensar (‘data in,

display out”)

E

Arduino board

F'nrtahle particle

F‘-ﬂﬂiﬂ_ﬂﬂm CUmDUUEﬂEZ Total kit cost: manitor” with LEDs

- Resistors and wires ~565 lighting up to indicate
- 3mall battery concentration
-3LEDs Reuseable!

mf;_ LS Ewmemmeet fotechen fgwecy 4
b L

1. Give the big picture: EPA’s goal for clean air

“The air in every American
community will be safe and
healthy to breathe. In particular,
children, the elderly, and
 people with respiratory ailments
wilf be protected from health

. risks of breathing polluted air.”

M= et Pmwcion AgweSy 47
e of Cwmssncn anc T coman




1. Give the big picture: What is Particulate Matter?

Introduction to the basics of air guality, particulate matter, and health

TRy sonFmdy of e U S DT

WS Ewmrcumeese Crowcon By 13
(=i o Pawerz e Davsizomant i

FP, vl

1. Give the big picture: How do scientists measure
the air?

M= et Pmwcion Agwesy 14
Office of Cessarcnanc Swwcora




1. Give the big picture: Where would you choose to
measure?

LS Ewmrommess Frotechon Aowecy 4E
S o Camerch e Qe -

2. Primer on measuring particles

Intraduction to measuring particles

The particle sensor works by
measuring the light scattered
by particles. . _have you ever
seen something like this atthe
maovies?
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2. Primer on measuring particles

Lighl Rocapior

Works best
oriented up ("hot air
riges”

Owitput {imagg)

Image: Air intake small white
heater resistor visible
in this opaning

_ LS Ewmemmeet fotecten Agwecy 4T
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3. Explanation of the Arduino code

“These are the

T ——
important pins!
receive the PM 1
signal, three [ .

will controfthe —| s

lights” L o

‘EhECk me PM —'_ . vl ue = 0

signal every 5 g

seconds” ity R

“Turn these = raiiin & wou IRETIE LTI
lights on if PM _

level= .7 |
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4. Explain all the kit
components

O
Particulate
Matter (P M)
Sensar

O Arduino computer

oog
2 Blocks for
structure

O Breadboard for
wiring electronics

e prees ;if':
-
indfiiaaiicaidi

SR

=

.....

pe——
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.
(rel

= -y
HEEO

—

LOOHK:
one leg is
[anger!

O Battery and clip
{you'll getthis last)

4, Explain all the kit components

oOoao
3LED

3 E L 4 lights
Resistors Y E B .

EEREE

BEEWE]

G short

wires

B

1 longer
wire

VWIRE
COLORS
DON'T
MATTER
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5. Build!

Blue to ~5
on the
Arduing

- .

Crrange to
4 on the
Arduing

White to
~3onthe
Arduing

L
L

LR

e mEmmmw

Long Wire
to GMD on
Arduino

Breadboard Connections:
Blioe wire: A3.~5 on Arduing

Orange wires A13. 4 on Andulno

‘ivnie wire- A28, ~ 3 on Andoing

Siack wire - GND on Arduing

LEDT: ESF3

LED2: E15.F135

LEDG: E28,F28

megksior! =i -

Feskior? 515~

Fesistora-HzZa -

Hotss:

-4l oy #egs ofLEDS go hcolumn E

-4l short 205 of LEDS ga In column F
-Crily plug o S1e Blue -

= paron Be right skie of e e sdoand
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Oifica. of Pasemrch o Daviiprard. =0

3. Build!

FP/ v S
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4, Build!
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Air sensor kit for outreach

We've tried the kit with:

- EPA Air scientists and engineers
- EPA-RTP outreach voluntears

- Middle school students

- High school students
- Science teachers

LS. Ewmrsame s oo Boensy
ficn o Carsemech ane Jacs spman

P
en

Summary: Air sensor kit for outreach
e

Hands-on exploration of air
guality science and electronics

Memorable and fun activity

Many ways to build out into a lesson plan series:
- Programming the Arduino board
- Trying to build other sensor systems
- zames to understand the basics of computer programming
- Designing new ways to show sensor readings
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Questions are welcome!
Dana Buchbinder: buchbinder.dana@epa.qgov

Gayle Hagler: hagler.gayle@epa.gov
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