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@ National Air Quality Forecast Capability 2@
“7  Current and Planned Capabilities, 11/11 ===

* Improving the basis for AQ alerts
 Providing AQ information for people at risk
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FY11 Prediction Capabilities:
e OQOperations:

Ozone nationwide: expanded from EUS to

CONUS (9/07), AK (9/10) and HI (9/10)

Smoke nationwide: implemented over CONUS

(3/07), AK (9/09), and HI (2/10) Al g
« Experimental testing: '

Ozone predictions

Dust predictions over CONUS h‘\Z
« Developmental testing: . %

Ozone upgrades . Maticral AQF Capability ' vill Expand over the next Decade
Components for particulate matter (PM) forecasts ' —_— .

Near-term Operational Targets:
 Higher resolution preaiction

Lonrrﬂr range:

»5 Prediction



@ National Air Quality Forecast Capability
End-to-End Operational Capability
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Model Components: Linked numerical
prediction system
Operationally integrated on NCEP’s supercomputer

e NCEP mesoscale NWP: NMMB
. NOAA/EPA community model for AQ: CMAQ

O NOAA HYSPLIT mOdel for Smoke prediction 1Hr Avg Dzone Concentration(PPB) Ending Tue mil ATF‘M EDT
(Tue Jul 05 2011 2373
@ National Digital Guidau;cue Database &

12z model run Graphic created-Jul 05 1:42PM EDT

Observational Input:
. NWS weather observations; NESDIS fire locations
. EPA emissions inventory

Gridded forecast guidance products

e On NWS servers: airquality.weather.gov and ftp-servers
. On EPA servers
s Updated 2x daily

Verification basis, near-real time;

. Ground-level AIRNow observations
. Satellite smoke observations

Customer outreach/feedback

. State & Local AQ forecasters coordinated with EPA
. Public and Private Sector AQ constituents

e
1Hr Yertical Smoke (microgramssm™3) Sat Jun 04 2011 7PM EDT
@ (3at Jun 0d 2011 23Z)

u National Digital Guidance Database
06z _model run Graphic created-Jun 04 &:20nM EDT
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@ Progress in 2011 >
Ozone, smoke nationwide; dust testing

Ozone Upgrades: Nationwide predictions since 9/10

—  Operations: Updated emissions for 2011 (CEM point sources, DOE projection factors);
Predictions driven by a new NMMB meteorological model (since 10/18/11)

—  Experimental testing: CB-05 mechanism

— Developmental testing: Changing boundary conditions, dry deposition, PBL in CB-05; testing
newer CMAQ 4.7.1 driven by NMMB meteorological model

Smoke: Expanded Forecast Guidance Nationwide

—  Developmental testing: Improvements to verification

Aerosols: Developmental testing providing comprehensive dataset for
diagnostic evaluations. (CONUS)

—  Testing CMAQ 4.6 and 4.7.1 with CB-05 chemical mechanism with AERO-4 aerosol modules
*  Qualitative; summertime underprediction consistent with missing source inputs
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X/ Operational Nationwide Ozone

Operational predictions at http://airquality.weather.gov/
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Ko CONUS ozone prediction: searve,
Summary verification 2009 to 2011

099

 ~ 2009 Operational
0.95 CONUS, wrt 76ppb Threshold

08

2010 Operational
CONUS, wrt 76ppb Threshold

2011 Operational
CONUS, wrt 76ppb Threshold

Verification of experimental

and developmental predictions:
e.g. Youhua Tang with Discover-
AQ data, Jerry Gorline for
urban/rural, and Yunsoo Choi for
weekly cycles

0.8
4/1/11

5MM1  5/3111  6/30/11  7/30/11




< Chemical mechanism

7 [ |
Seasonal input differences
- Emissions

- Meteorological parameters

for each NOx

sensitivity analysis
Experimental ozone prediction (with CB05 mechanism) shows larger biases than
operational ozone
predictiqn (CB-IV Seasonal bias of daily mean ozone for CONUS
mEChanlsm) Jan ‘ ‘ Mar ‘ ‘ May ‘ July ‘ ‘ Sep ‘ ‘ Nov ‘
« Summertime, 20 :— Operational (CB-IV) Mechanism differences
« Eastern US. B - Ozone production
o _ L Experimental (CBO5) ~ Precursor budget
Sensitivity studies: -
« Box model studies, & [ I
. o _ ’ 1’\1 \
e.g. organic nitrate & - [ PV e
treatment (Saylor & [ (MRl “ by
and Stein —CB05 ¢ SN
has more efficient & *
ozone production =
5
@)

| | | | I | | | | I | | | | I | | |
150 200 250 300
Julian Day in 2009
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Impact of meteorological model “==

5x (Operational) 8—hr max 11JUL2011 NAMB — CBIV 8—hr max 11JUL2011
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Operational NAM driven ozone predictions Testing of NMMB driven ozone predictions
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Operational Nationwide Smoke

Operational predictions at http://airquality.weather.gov/
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1Hr Wertical Smoke (micrograms/m™3) Tue May 31 2011 7PM EDT

@ CTue May 31 2011 2323
V National Digital Guidance Database
06z model run

1Hr Vertical Smoke (micrograms/m”3) Tue May 31 2011 7PM EOT
@ (Tue May 31 2011 232
u National Digital Guidance Database
06z model run Graphic created-May 31 G:04AM EOT

Graphic created-May 31 &:03AM EOT

1Hr Yertical Smoke [micrograms/m™3) Sat Mar 19 2011 7PM EDT

@ Sat Mar 19 2011 232)
v National Digital Guidance Database
06z model run

Graphic created-Mar 19 7:43AM EOT
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Wallow Wildfire in Arizona -
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June 6 (Luna, NM, AP)

* Fire began May 29, 2011, consumed more then 500,000 acres
and 32 homes?
* 16 injuries3; more then 9000 people evacuated 2

1Hr Vertical Smoke (micrograms/m™3) Fri Jun 03 2011 8PM EDT
@ (Sat Jun o0d 2041 00
V National Digital Guidance Database
06z model run Graphic created-Jun 03  7:45aM EOT
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Hourly PMZ2.5 {(ug/im3)
=—= South Valley =——= Morth Valley

grams/m~3) Man Jun 06 2011 GSPM EOT
(Mon Jun 06 2011 2123

pital Guidance Database

Graphic created-Jun 06  5:41AM EOT

Surface PM2.5 observations
at Albuquerque, NM on 6/8/2011

http://www.airnowtech.org
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@ CONUS Dust Predictions: Experimental Testing @

5,
Experimental predictions at http:/ /airquality.weather.gov/expr/ i ®

z‘ Standalone prediction of

""-.* .
airborne dust from dust
-_—

storms:

p, *Wind-driven dust emitted
" where surface winds
exceed thresholds over
source regions

» Source regions with
emission potential
estimated from monthly
MODIS deep blue
climatology (2003-
2006).

*HYSPLIT model for
transport, dispersion and
deposition (Draxler et al.,

J:ih:’*. '
S
P N
IHr Column Dust (micrograms/m”3) Wed Mar 10 2010 2AM EST
F ' Developmental testing  thed Mar 10 2010 OFZ)
@ Mational Digital Guidance Database
: ' D6z model run Graphic created-Mar 15 10:43AM EDT




@ Phoenix, AZ Haboob July 5, 2011

Massive dust storm hit Phoenix, AZ in the
evening on July 5, 20112

Cloud was reported to be 5,000 feet when it
hit, radar shows heights from 8,000-10,000
feet tall and 50 miles wide

Originated from Tucson

Stopped air traffic for over an hour

Arizona DEQ reported a PM10
concentration of 6,348 ug/m?3 during peak
of storm at site in downtown Phoenix?!
Storm moved through Phoenix at 30-40
mpht
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Phoenix on July 5
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Predicted surface dust
concentrations: e

Wik 8PM 158 ug/m3
- 10PM 631 ug/m3 5 ne ,“
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1Hr Surface Dust (micrograms/m™3) Wed Jul 06 2011 1AM EDT
: Experimental CUed Jul 06 2011 032) Experimental (Wed Jul 06 2011 052
{ 3 National Digital Guidance Database B g National Digital Guidance Database
- 12z model run Graphic created-Jul ©5 12:34PH EOT

-

e 12z model run Graphic created-Jul ©F 12:34PM EOT
*Note* AZ three hours behind EDT in summer

Hourly PM2.5 (ug/m3)
— YWest Phoenix «—— South Phoenix

e Timing of July 5 storm: beginning time of
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Developmental PM2.5 predictions for @
Summer 2011

Focus group access only,

- WO,
real tlme as resources P ‘141 Daily PM2.5 Maxima, Obs and Model Gray No Data
. s X 1-H Average, Threshold=35 ug/m"3 Green Low
! : idnight To Midnight [o] ue L2349 ugSm
ermit : Midnight To Midnight EDT 20110806 |Gold/MdBl 15.5-34.9 ug/m"3
5X {Developmental) Grid 0800 UTC| |Red/DkBlue Exceedance
o

Aerosols over CONUS

From NEI sources only

e CMAQ:
CBO05 gases,
AERO-4 aerosols

e Sea salt emissions and
reactions

¢ No climatological wildfire
emissions

NWSIOSTIMDL 2010




& Quantitative PM performance &»:

Forecast challenges

Aerosol simulation using emission
inventories:

Seasonal bias:

» winter — overprediction,
summer — underprediction

Intermittent sources
(contributions from wildfire smoke
are in real time testing)

Chemical boundary
conditions/trans-boundary
inputs (poster by Sarah Lu)

Dust pm2.5 sfc mass concentration ug/m3 20100720

0 25 W0 175 250 400 550 00 350 1000 1150 1300 1450 1700 2000 2300

Average monthly bias: all regions

1-h avg aerosol predictions vs. EPA obs, Th=35 ug‘ms

o

Average monthly bias, ugfma

Model Predictions Compared to AIRNOW PM2.5

Jan 10 Jul 10 Jan 11 Jul 11
January 2009 - September 2011

Lower Middle @ South East €@
Upper Middle + MNorth East .

over 'Royal Palm Beach ',FL Lat=26.731 Lon= —80.234
| . L . O Observed L

S L o O CMAQ with offline GOCART

® CMAQ base run
m CMAQ with inline GQCART

e L
........
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6 1 Unspeciated component overestimated in the winter B OV
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(?E I Unsped
[ A == Total
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(Model - IMPROVE) Biases - Aug 2-11, 2009

OM underestimated in the summer

ADPI1 AREN1 BIRM1 BOND1 BRIG1 CADI1 COHUl DOSO1 EGBE1 ELDOl1 FRRE1 GRRI1 GRSM1 HEGL1 ISLEL
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Assimilation
Increases
correlation
between
forecast and
observed
PM2.5

Control is
forecast without
assimilation

Assimilation
reduces bias




\ONg4,
1y3s b

X

O ATMOSR

A' N
Woean D

US national AQ forecasting capability status:
* Ozone and smoke prediction nationwide
» Experimental testing of dust prediction from CONUS sources
» Developmental testing of CMAQ aerosol predictions with NEI sources

Near-term plans for improvements and testing:

» Operational dust predictions over CONUS

» Development of satellite product for verification of dust predictions

« Understanding/reduction of summertime ozone biases in the CB05 system

» Development of higher resolution predictions (optimization of prediction code;
faster preparation of emission inputs — poster by Hyun Cheol Kim)

Development and integration of components for quantitative PM predictions:

>
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Operational AQ forecast guidance

airquality.weather.gov
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CONUS Ozone

Expansion Implemented September, 2007

R
1Hr Awg Dzone Concentrationi(PPB) Ending Thu Sep 20 2007 10AM EDT

P (Thu Sep 20 2007 1423 _f”'Wﬁ
i H National Digital Guidance Database t\& b
. -ty

06z model run Graphic created-Sep 20 7:23AM EDT

N s N o
1Hr Surface Smoke (microgramssm™3) Thu Sep 20 2007  9AM EDT

- (Thu Sep 20 2007 132)
kL 3 Mational Digital Guidance Database

Bz model run Graphic created-Sep 20 S:i2dAM EOT

—urtner information: WWw.nws.noaa.gov/ost/alr_guality.
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Verification of smoke predictions

HYSPLIT-SMOKE GRID HYSPLIT-SMOKE GRID
EASTERN USA EASTERN USA
HESTERN USA WESTERN USA

May 2011 ' June 2011

s Hid. || |1}

23 25/ 277 29/

21

110501/1203/ 05/ 07/ 09/ 11 13 15/ 17/ 19/ 21 23 25/ 27/ 29/ 31/wi/120% 05/ 07/ 0% 11/ 1% 15 17 19

DATE (06 UTC CYCLE) DATE (06 UTC CYCLE)
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@ Real-time Verification Approach for Ozone &¥:

)
P

e Real-time verification of data
— Comparing model with observed values from AIRNow ground level observations

e Daily maximum of 8-hour ozone

— Metric is the fraction correct with respect to threshold commonly
used for “code orange” AQ alerts in the US (currently 75 ppb)

Threshold Fraction Correct =

Observations

Threshold
Prediction




Progress from 2005 to 2008: aehts

Ozone Prediction Summary Verification —#&W:

Woean D

2005
Initial Operational Capability (I0C)
Operational, NE US Domain

1.00 +
0.90
0.80 1 —4— Hit Accuracy
0.70 \ I EUS == Target —
0.60
0.50 1\I11111\\
av 1-Jun 8-Jun 15-Jun 22-Jun 29-Jun 6-Jul 13-Jul 20-Jul 27-Jul
Fraction Correct, 2006: 3X 8-hr avg
1 >
0.95 *
0.9 I
—p— —raction Correct
o.es EUS Moy Cum —
0.8 T T T T T
5/1/2006 Day 5/31/2006 6/30/2006 7/30/2006 8/29/2006 9/28/2006

2006

Operational, Eastern US

Operational

Fraction Correct, 2007: 5X 8-hr avg for CONUS

0.95
0.9 g
=== ~raction Correct
0.85 Target CON US
Monthly Cum
0.8
5/1/07 5/15/07 5/29/07 6/12/07 6/26/07  7/10/07  7/24/07 8/7/07 8/21/07 9/4/07 9/18/07

OPNL Predictions Fraction Correct, from 4/08:
5X 8-hr avg CONUS 85 ppb THRESHOLD

=#—Fraction Correct 85ppb

©  Monthly Cum 85-Threshold

CONUS

=—=Target

0.8
4/1/08

4/16/08 5/1/08 5/16/08 5/31/08 6/15/08 6/30/08 7/15/08 7/30/08 8/14/08 8/29/08

2007

Experimental, Contiguous US

Experimental

Approved 9/07 to replace Eastern
US config in operations

2008 ‘Operational
CONUS, wrt 85ppb Threshold

26



@ Ozone sensitivity in the CB0O5 system: @

Experimental and developmental configuration =

ON
v‘3\ 4(
1y3s

Experimental test configuration Developmental test configuration with modified:
- Lateral boundary conditions,
- Minimum PBL height,
- Aerodynamic resistance, forest canopy height

N
20 15 A0 5 0 5 10 15 20 25 ppbv

In depth: Byun et al. in the Processes session
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Smoke Forecast Tool:
What is i1t?
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Overview

» Passive transport/dispersion computed with HYSPLIT & WRF-NAM (or
GFS, OCONUS). 24-hr spin-up, 48-hour prediction made daily with 6Z
cycle

Fire Locations

« NESDIS/HMS: Filtered ABBA product (only fires with observed
associated smoke)

Emissions
 USFS’ BlueSky algorlthm for emitted PM2.5

» HYSPLIT (Lagrangian); plume rise based on compustion heat and
meteorology

Verification

0 on satellite Imagery for footprint of extent of observed Smoke In
3pherlc column exceeding thresnold of detection




Smoke Forecast Tool
Major Components
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NWP Model

NAM/WRF-NMM

NOAA/NWS

Weather
Observations

A

A 4

NESDIS HMS
Fire Locations

HYSPLIT Module:

-

USFS’s BlueSky

Emissions Inventory:
USFS

200907 SMOKE 1.0 ug/m3 Daily Avg Time Series Day 1 Fest

Verification:

NESDIS/GASP Smoke ‘

0V W eW W WV I O W 20 N T

DATE (08 UTC CYELE)

onse
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HYSPLIT simulated air
concentrations are compared
with IMPROVE data in southern
California and western Arizona:

*Model simulations: contours

*IMPROVE dust concentration:
numbers next to “+*

«Variability in model simulation

*Highest measured value in
Phoenix

*Model and IMPROVE
comparable in 3-10 ug/m3 range

*Spotty pattern indicates under-



@  Developmental Aerosol Predictions: e

Summary Verification, 2011
Fraction Correct, Aerosol Predictions, 0600 UTC === raction
Daily Maximum of 1-h avg, Full 5X Domain, Th=35 ug/m?3 Correct

0.60 \\
050 — \HH\HH\ \‘ \HH\‘H I I I HH}HHH}HHH}HHH}HH‘\

29-Mar 5-Apr 12-Apr19-AprMMale-Ma;17-Ma)24-Ma381-May7-Jun 14-Jun21-Jun28-Jun 5-Jul 12-Jul 19-Jul >€

-Jul 2-Aug 9-Aug16-Aug?3-Aug30-Aug

Daily PM2.5 Maxima, Obs and Model Gray No Data

1-H Average,. Threshold=35 ug/m"3 Green Low

Midnight To Midnight EDT 20110401 |Gold/MdBlue 15.5-34.9 ug/m"3
5% (Developmental) Grid ¢60¢ UTC| |Red/DkBlue Exceedance

Daily PM2.5 Maxima, Obs and Model Gray MNo Data

1-H Average. Threshold=35% ug/m"3 Green Low

Midnight To Midnight EDT 20110714| |Gold/MdBlue 15.5-34.9 ug/m"3
5% {(Developmental) Grid 0600 UTC| |[Red/DkBlue Exceedance

PR P
R
L] .
) %,
- \_ﬁ{y April 1, 2011 ™ . \_{/ July 14, 2011
NWSIOSTIMDL 2010]

NWSIOST/IMDL 2010|



@ AQ Forecaster Feedback Examples

Michael Geigert, CT
Department of
Environmental Protection:

 Analyzed case on July 11
AIRNow data vs 127
operational ozone model
run

 Model still over-predicting
in most cases, however
not unreasonable

 Model does not yet have
the resolution to pick up
hourly fluctuations of

-24H 1st d 8h max sf O, (ppbv) Valid 11 JUL 2011
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