© ATMOSR,
& > o EATH
Py %, @ &
& %, ’p
S %2
i %
g z
< o
z =
< «
® &
% \@05"

(1)
m
Y

\;3\0 N4,

&***3

National Air Quality Forecast Capability

lvanka Stajner
NOAA NWS/OST

with contributions from the entire NAQFC Implementation Team

Outline:
Background on NAQFC
Recent progress and updates
-Ozone predictions
-Smoke predictions
-Dust predictions
-Prototype PM2.5 predictions
-Outreach and feedback
Summary and plans

AQ Forecasted Focus Group Workshop, Silver Spring, MD September 9, 2014



National Air Quality Forecast Capability @
Capabilities as of 9/2014
« Improving the basis for air quality alerts
* Providing air quality information for people at risk
Prediction Capabilities:
« Operations: N T T T T =3
Ozone nationwide ,/f , e’ ,-r} 4
. / ' s y
Smoke nationwide J l i h R
Dust over CONUS { | U 2004 0zorié
k@ 2007: ozone and smoke {'57‘(
«  Experimental testing: v 2012: dust 4

Ozone predictions

Developmental testing:

Components for particulate matter
(PM) predictions
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@ National Air Quality Forecast Capability
End-to-End Operational Capability
Model: Linked numerical prediction system — e T ;.

Operationally integrated on NCEP’s supercomputer

. NOAA NCEP mesoscale numerical weather prediction
. NOAA/EPA community model for air quality: CMAQ

. NOAA HYSPLIT model for smoke and dust prediction
Observational Input: e o s oot on(P 12 G e 05 Bt 4 0

«  NWS weather observations; NESDIS fire locations; G otiomat visitel Guidonce Datcbene.
climatology of regions with dust emission potential

. EPA emissions inventory

Gridded forecast guidance products

. On NWS servers: airqualitv.we_ather.qov
and ftp-servers (12km resolution, hourly

for 48 hours)
« On EPA servers
 Updated 2x daily
[N
1Hr Surface Dust (micrograms/m”3) Thu Jun 28 201

Verification basis, near-real time:

«  Ground-level AIRNow observations & Metional Digital Guidance Datebase
of surface ozone :

. Satellite observations of smoke and dust
Customer outreach/feedback

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

s
1Hr Yertical Smoke (microgramss/m™3) Sat Jum 04 2011 7PM EDT
@ CSat Jun 04 2011 23Z)
V National Digital Guidance Database
06z model run Graphic created-Jun 04 B:20AM EDT 3
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Ozone predictions
Operational predictions at http://airquality.weather.gov

over expanding domains since 2004
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CONUS, wrt 75 ppb Threshold

0.95 { Maintaining prediction
accuracy as the warning
threshold was lowered and

emissions of pollutants are
0.9 .

T T changing
4/1/2014 5/1/2014 5/31/2014 6/30/2014 7/30/2014 8/29/2014 4

Fraction correct of daily maximum of 8h average wrt 75 ppb threshold



http://airquality.weather.gov/

@EAT’VG

@ Evaluation of experimental NAQFC
ozone predlctlons for 2010,
prior to emissions update

Feb Apr Jun Aug Oct Dec 10 Feb Apr Jun Aug Oct Dec

HEIS

DbSENation

NO, (ppbv)

Observation NNl BV LAY )
Model - 10

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350

Julian day Julian day
T. Chai et al., Geosci. Model DeV., 2013 (nttp:/mww.geosci-model-dev.net/6/1831/2013/gmd-6-1831-2013.html)

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

NO2 overestimation in August is larger at night time
Ozone biases higher on weekends, but NO2 biases higher on weekdays




@ Summary of Emission Data
Sources

Area Sources
US EPA Projected 2012 Nonroad + 2005 NEls for other sectors;
Canada 2006 Emission Inventory;
Mexico 1996 El for six border states;
Mobile Sources (onroad)
2005 NEI with Cross-State Air Pollution Rule (CSAPR) projection for US sources
Canada 2006 Emission Inventory;
Point Sources (EGUs and non-EGUs)
NEI 2005 for base year;
Updated with 2012 Continuous Emission Monitoring (CEM) data for EGUs;
Projected into forecast year using DOE Annual Energy Outlook (2014) factors;
Natural Sources
Terrestrial biogenic emission: BEIS model v3.14
Sea-salt emission: CMAQ online Sea-salt emission model;
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Reduction in NOx emissions
Implemented in 2012
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0.0 . .
| NO, emission reduction
-5.0 by day of week and
-10.0 holiday for July compared
to those used in 2011
-15.0
-20.0
-25.0
%
-30.0 ,
Mon Tue Wed Thur Fri Sat Sun 4-Jul
mNOx| -25.8 | -189 | -17.3 | -17.1 | -189 -3.7 -8.1 -12.0
0.0
NO, emission reduction by
region for July compared to -.0
those used in 2011 10.0
-15.0
-20.0
04 -25.0 —
Conus North South Upper Lower Rocky Pacific
East East Middle | Middle |Mountain| Coast
mNOx| -15.7 -16.2 -17.1 -20.7 -11.4 -16.1 -18.8
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g NOx Emissions
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120%
Atlanta
$100% A= = =k =
=
g
o 80%
o
o
%‘ 60% ] _
2 —— OMI NO, _‘ ' 5 ¥ Philadelphia
O 40% L
'E e ASQ NOx
CU 0,
g— 0% -4 NAQFC NO, Emissions
(@]
O o%
120% : ) Ry
Philadelphia :
D 100% -— e fpem = pm = oy == ey ,
E N - T T e
© N\ . . .
o 80% . Relying on projections rather than
S inventories for mobile sources
N 60% . . .
=) . Comparison of projected emission
S ao0% with surface and satellite
E OMI = Ozone monitoring Instrument on NASA’s Aura Satellite observations
g 20% AQS = Air Quality System
e (Tong et al. Long-term NOx trends over
S o% large cities in the United States during the
2005 2006 2007 2008 2009 2010 2011 2012 Great Recession: Intercomparison of
Year satellite retrievals, ground observations,

and emission inventories, submitted)



Model updates:

Performance:
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CBO05 chemical
mechanism

Lateral boundary
conditions

Dry deposition
Minimum PBL height

Faster removal of
organic nitrate

Increased (better)
diurnal variability
Increased (better)
peak ozone in the
Western US
Decreased (better)
night-time minimum in
the Eastern US
Slightly increased
(worse) peak ozone
in the Eastern US
Small changes in
fraction correct for
75ppb threshold

HIT-RATE

Fraction correct wrt 75ppb threshold

F_MERN | O_MEAN | F_MEAN

0ZON/8 OAVG AVGED BY FCST HRS
20140715 TO 20140830
HEST-US
—— OBSERVED-MERN
- CMAQ-PROD FORECAST-MEARN
----------- P ======= NAM-CMAG-V4. 6. 32 FORECAST-MERN

00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46

FORECAST HOUR 12 UTC CYCLE

48 H 0ZMX/8 HIT-RATE VALID 1200 GMT
20140715 TO 20140830

AVGED BY THRESHOLD

—————+———CHAG-PROD HIT-RATE
----------- #r------- NAM-CMAR-V4. 6. 32 HIT-RATE
OBSERVATION COUNTS:

5517 1103 277 66 6

1.0
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07

0.6

05

HIT-RATE

F_MEAN | O_MEAN | F_MEAN

Testing of ozone prediction updates
~Evaluation of daily maximum of 8h average ozone

48 H 0ZMX/8 HIT-RATE VALID 1200 GMT

0ZON/8 ORYG AVYGED BY FCST HRS
20140715 TO 20140830
EAST-US
= 0BSERVED-MEAN

—j—————— CMAG-PROD FORECAST-MERN
----------- & -======NAM-CMAQ-V4. B. 32 FORECAST-MERN

00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46

FORECAST HOUR 12 UTC CYCLE

AVGED BY THRESHOLD
20140715 TO 20140830

————————— CMAG-PROD HIT-RATE
----------- #r------- NAM-CMAQ-V4. 6. 32 HIT-RATE

OBSERVATION COUNTS:
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Smoke predictions

Operational predictions at http://airquality.weather.gov
| T T O O

O O O O O O

¥, 0
°
& Q"
ue
[ 1
: °J§;§;§ g
°
1}
Honolulu  J3iteny

Dl
. Kalilui
oJ <

5
i}

Ku ¥
R e
1Hr Surface Smoke (microgramssm™3) Tue May 31 2011 7PM EDT

@ CTue May 31 2011 2323

Mational Digital Guidance Database
0Bz model run

1Hr Surface Smoke (micrograms/m™3) Tue May 31 2011 7PM EDT

@ (Tue May 31 2011 237)

1Hr Surface Smoke (micrograms/m™3) Sat Mar 19 2011 7PM EDT
National Digital Guidance Database
05z model run
Surface Smoke

Graphic created-May 31 &:04AM EOT V

Graphic created-May 31 3:02AM0 EOT

tSat Mar 19 2011 232)
Mational Digital Guidance Database
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1Hr Wertical Smoke (micrograms/m”™3) Tue May 31 2011 7PM EOT

@ CTue May 31 2011 2323

Mational Digital Guidance Database
DBz model run

1Hr Vertical Smoke (micrograms/m™3) Tue May 31 2011 7PM EOT

@ (Tue May 31 2011 232)

National Digital Guidance Database
06z model run

Graphic created-May 31 §:03AM EDT

1Hr Yertical Smoke [micrograms/m™3) Sat Mar 19 2011 7PM EDT
@ (3at Mar 19 2011 23Z)
Graphic created-May 31 G:04AM EOT v

National Digital Guidance Database
06z model run

Graphic created-Mar 19 7:43AM EOT
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1Hr Surface Smoke (micrograms/m™3) Tue May 31 2011 7PM EDT
(Tue May 31 2011 232)

va National Digital Guidance Database
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Smoke predictions for
CONUS (continental
US), Alaska and Hawaii

NESDIS provides
wildfire locations

Bluesky provides
emissions estimates

HYSPLIT model for
transport, dispersion
and deposition (Rolph
et. al., W&F, 2009)

Last years’ updates
include increased
plume rise, decreased
wet deposition,
changes in daily
emissions cycling

Developed satellite
product for verification
(Ciren et.al., JGR 2014)
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o Smoke Verification: e
July 13, 2009

7/13/09, 17-18Z, Prediction: 7/13/09, 17-18Z, Observation:

GOES smoke product: Confirms areal
extent of peak concentrations

«
1y3s

A NY

FMS = 30%, for column-averaged
smQke > 1 ug/m?3

Levels: 1ug/m Sugim' OMOKe Concentration(ug/m3)
FMS (%): 29.74 22.65

==
1 5 10 15 20> other cloud

Manuscript about smoke verification product is in preparation

12
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Verification of smoke predictions
Y ) o
for CONUS

Daily time series of FMS for smoke concentrations larger than lum/m3

0.6 -
Julv 2014 0.5 - August 2014
uly
0.4
035 0 0.4 -
]
» 03 @
— .
8 0.25 5 03
o Q
v S
w 02 £
g F 02 -
£ 015
==
0.1 0.1 A
0.05
0 0 -
< < < < < < < < < < < < < < < < < < < < < < < < < < < < < < < <
— i — — — -l i i — - - - — i i i -l i - i - i - i - ) — ) — ) — —
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
N N N N N N N N N N N N N N N N N N N (Q N (Q N N N N N N N N N N
S~ S~ S~ ~ S~ ~ S~ S~ ~ S~ S~ S~ S~ S~ S~ S~ S~ ~ S~ ~ S~ S~ S~ ~~ ~ S~ S~ S~ S~ S~ S~ S~
— oM n ~ (<2} i o™ LN ~ (o)) — o n N~ o)) — — m n ~ (2] — o LN ~ N — o LN N~ (e)) —
~N N N N -~ — — — — — ~ ~ ~ ~ ~ o™ S~ ~ ~ ~ — — — — i o o N o~ N om
~ ~ ~ ~ M~ S~ ~ ~ ~ ~ ~ ~ ~ S~ S~ S~ (o] o0 0 0 0 ~ ~ ~ ~ ~ ~ ~~ S~ ~~ S~ ~
N~ N~ N~ ~ ~ ~ ~ ~ N~ N~ N~ o0 0 o0 0 o0 0 o0 0 o0 0 o0
Date Date

e Figure of merit in space (FMS), which is a fraction of overlap between predicted and observed
smoke plumes, threshold is 0.08 marked by red line

o NESDIS GOES Aerosol/Smoke Product is used for verification

13
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OPERATIONAL PROD hysplil sS{c Smoke

tforecasy DSET 140816/0500v003 -

Smoke prediction updates AW
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WP
Updating to use automated

detection of fires in Canada,

Mexico and Central America.

Updating to use 3-D particle model
approach (rather than horizontal
puffs) to properly represent the
additional fires identified with
automatic fire detection.

Multiple modifications were
implemented in the North American
Mesoscale (NAM) Analysis and
Forecast System including updates
to radiation, convective
parameterization, microphysics,
advection, hybrid variational
ensemble GSI analysis, satellite
bias correction, quality control of
observations, satellite radiance
assimilation, diabatic digital filter.

14
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Canada/ Mexico Emission impact
July —August, 2014 CONUS CSiI verification

%

01 H SMOKE CRIT_SUC_INDX AVGED BY THRESHOLD
20140724 TO 20140823

CONUS
| HYSPLIT-PROD 01 -> 48 HRS CRIT_SUC_INDX 01 H SMOKE CRIT_SUC_INDX
L SMOKE-V7. 2. 2-NCO-PRRA 01 -> 48 HRS CRIT_SUC_Ir CONUS
OBSERVATION COUNTS: = HYSPLIT-PROD 01 -> 24 HRS CRIT_SUC_INDX
34E05 34E05 29E05 13E05 440607 166720 05 ] SMOKE-V7. 2. 2-NCO-PARA 01 -> 24 HRS CRIT_SUC_INDX
05
04
04
0.3
0.3

0.2 0.2

) J ' 0.1 l |

0.0 ‘ ‘ J _. 0.0 I I l l I l I
=1, =2. =5, =10. =15, =20.

140726112 29/ 0801/ o4/ o7/ 10/ 13/ 16/ 19/ 22/

SMOKE THRESHOLD UG-M3 06 UTC CYCLE 08 UTC CYCLE

Improved performance with new Canadian and Mexican emissions
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Operational Predictions at http://airquality.weather.gov/

CONUS Dust Predictions
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ety
Standalone prediction of
airborne dust from dust
storms:

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

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

* Emissions modulated by
real-time soil moisture.

* HYSPLIT model for
transport, dispersion and
deposition (Draxler et al.,
JGR, 2010)

» Wet deposition updates
in July 2013

» Developed satellite
product for verification
(Ciren et.al., JGR 2014)

16
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Average monthly bias: all regicns

AQ Forecaster Focus group access only, real-time as 1-h avg aerosol predictions vs. EPA obs, Th=35 ugﬁms

resources permit 15 T

Aerosols over CONUS
From NEI sources only
e CMAQ:
CBO05 gases, AERO-4 aerosols
e Sea salt emissions

e
=

(5]

« Show seasonal bias-- winter, overprediction; summer,
underprediction

S

Average monthly bias, ug/m®
=

_15 1 L L L
Jap09 Juldg Jan10 Jul10 Jan11 Jul11l Jan12 Jul12 Jan13 Jul13 Jan14 Jul 14

‘ ) January 2009 - July 2014
)4 ol . / Pacific Coast —t— Lower Middle —¢— South East ——
; . | y. & 4 Rocky Meuntains Upper Middle —— North East —e—
Forecast challenges

* Improving sources for wildfire smoke
and dust — now in testing

A - 8 o *  Chemical mechanisms eg. SOA
“ «  Meteorology eg. PBL height
*  Chemical boundary conditions/trans-

Generated: 2013-12-04 20:446:102

Wooofoow 95w a0w &AW BE')W- ?éw- oW . boundal’yinputs
NAQFC PM2.5 test predictions 17
I |
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May 11 2014 12:a0 UTC

Blowing Dust Event in testing of
PM2.5 predictions
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Independent
NOAA/NESDIS
analysis narrative
based on
satellite imagery:

BLOWING DUST
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California/Arizona: An area of moderately dense blowing dust was visible
sweeping across northern Baja California/Arizona into western New Mexico
behind a strong cold frontal boundary. This remnant dust originated from

multiple areas in southern California last evening.
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NOAA NESDIS

Hazard Mapping
System Fire and
Smoke Analysis

Impact of forest fires in
testing of PM2.5 predictions
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Difference between two PM2.5 predictions:

Jul 20 2014 13:00 UTC with-minus-without fire emissions
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@ Seasonal Bias in PM2.5 prediction  i&®:
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CSN Sites January 2006 August 2006
5 ® » Base Model o » Basae Model
. @ 2 E CHMAOw.T E CMAGW.7
o« * . . 0: g i 2%
. | S - El
. 3 1:. T . : ) g X i -
3 5 P .W.g *
Py e, "! L L . g N - i g ~ = l
- PR *
. ?e* Py .....:.o 7 ) ol + + 4 S e L I T
* S '.... . ﬂ E ‘} |. |
. L .:.. § L E *
P ¥ prt g e g Al
. ¢ n« BE3 1001 991 1031 9% BN - 821 9631 WME %1 927 16T
y ] * | I | L 4 | T T T T T
. PM,, SO, NO, PH,_ l(‘ ()lhm P, SO, NO: NH, TC Other

Dalty observations Dally observations

Mean (star), median (triangle), and inter-quartile ranges of model bias (model value — observed value) for multiple
fine-particle species measured at CSN sites in the 12km domain. The number of model/observation pairs for each
species is shown above the x-axis.

The bias in the total mass of PM2.5 is dominated by overpredictions of unspecified PM in the

winter and by underpredictions of carbon aerosols in the summer. (Foley et. al., Incremental
testing of the Community Multiscale Air Quality (CMAQ) modeling system version 4.7, Geosci. Model Dev.,
3, 205-226, 2010)

Saylor et. al. found same type of seasonal speciation biases in the CMAQ v4.6 for IMPROVE
sites.
20
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*Quality control of the observations is essential
Five different post-processing techniques were tested

— 412F ' I T ' ] Raw: Hourly AIRNow data available
"E? 10 | inreal-time
o 8+ K _
E 6L | PERS: Persistence forecast
w4l A
E 4 7-day: 7-day running mean
e 2 7 subtraction

0

KF: Kalman-filter approach

. 12[ I T T I ] ANKF: Analog forecast technique
“é‘ 10 | followed by Kalman filter approach
o 8| . .
E 6L | AN: Analog Forecast technique
E ar 7 KF-AN: Kalman-filter approach
E 2 7 followed by Analog forecast

0 L | | I ! technique

Raw PERS 7-Day KF ANKF AN KF-AN

Unsystematic component of the RMSE (top panel) and systematic component of RMSE (bottom panel) using hourly
values for the month of November evaluated at the 518 AIRNow PM2.5 sites.

I. Djalalova, L. Delle Monache, and J. Wilczak: PM2.5 analog forecast and Kalman filter post-processing for the
Community Multiscale Air Quality (CMAQ) model, manuscript in preparation
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Partnering with AQ Forecasters
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Examples of AQ forecaster

Focus group, State/local
feedback after emissions

AQ forecasters:

Participate in real-time developmental
testing of new capabilities, e.g. aerosol
predictions

Provide feedback on reliability, utility of
test products

Local episodes/case studies emphasis

Regular meetings; working together
with EPA’s AIRNow and NOAA

Feedback is essential for
refining/improving coordination

update in 2012:

Good performance by NAQFC ozone forecast in
2012 in the Philadelphia metropolitan area. (William
Ryan, Penn State)

In Connecticut, NOAA model outperformed [human]
forecasts- 73% vs. 54%. The NOAA model past
record of over-predicting during July-August didn’t
occur this year. (Michael Geigert, Connecticut
Dept.of Energy and Environmental Protection)

In Maryland, NOAA ozone predictions have
improved since 2011: significant improvement in
false alarm ratio (FAR) with some decrease in
probability of detection (POD). (Laura Landry,
Maryland Department of the Environment)

Bias and accuracy statistics for NAQFC ozone
predictions improved in 2012 compared to 2011.
(Cary Gentry, Forsyth County Office of
Environmental Assistance and Protection, Winston-
Salem, NC)

Currently evaluating updates in ozone, smoke and dust predictions and updates in testing of PM2.5 predictions

22



@ Operational AQ forecast guidance  :gw:

airquality.weather.gov

Ozone products
Nationwide since 2010

R
1Hr Awg Dzone Concentrationi(PPB) Ending Thu Sep 20 2007 10AM EDT
(Thu Sep 20 2007 142) 1"y

@ National Digital Guidance Database t\&\i

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

Smoke Products
Nationwide since 2010

Dust Products

, - oo A
1Hr Surface Smoke (microgramssm 3) Thu Sep 20 2007 9AM EDT
Im plemented 2012 @ (Thu Sep 20 2007 132)

V MNational Digital Guidance Database

Bz model run Graphic created-Sep 20 S:24AM EOT

Further information: www.nws.noaa.gov/ost/air _quality
23
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@ Testing new display of AQ predictions ;qw
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@\@ NATIONAL WEATHER SERVICE

‘\-'/ s NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
HOME FORECAST PAST WEATHER WEATHER SAFETY INFORMATION CENTER NEWS SEARCH ABOUT
Air Quality Forecast Guidance National Weather Service
National Headquarters

Airquality. weather.gov - Air Quality Forecast Forecast Guidance

Below is a proposed replacement of the National Weather Service Air Quality Forecast Guidance Page, a product of the National Digital Guidance Database. Comments are encouraged and can be done
by taking our survey. Assistance with using this experimental product can be found by clicking here or on the Page Help Link below the map.

Air Quality Forecast Experimental Display =)

7 o 1 1 1 |
National (CONUS v | 1Hr Avg Ozone Concent (F| v || Ending Sep 6. 4PM EDT’ O—= {13 — |e|

— Map data 914 Google, INEGI | Terms of Use
\ 1Hr Avg Ozone Concent (PPB) ey,
Valid ending: Sat, 06 Sep 2014 20 UTC ( Sat, Sep 62014, 4 PMEDT)
Issued: Sep 05 at 12 UTC S
Create a bookmarkable URL | Definitions | About | FAQs | Product Descripti | Survey/C | Help || Map Options| | Print Map|

National (CONUS) W@y  Alaska #  Hawaii “~,

http://preview.weather.gov/graphical/?dataset=aq



Summary and Plans R

US national AQ forecasting capability and recent updates:

» Operational ozone prediction nationwide; substantial emission update in 2012
» Operational smoke prediction nationwide

» Operational dust prediction for CONUS sources

« Experimental ozone predictions for CONUS; CB05 mechanism, updated emissions,
lateral boundary conditions, deposition, NTR

 Prototype CMAQ PM2.5 predictions with NEI, wildfire and dust emissions

If/when resources allow we plan to:

* Maintain operational AQ predictions

* Transition currently experimental ozone into operations

» Test/implement new display capability

 Use lateral boundary conditions from global dust predictions in prototype PM2.5 predictions
» Test smoke predictions with 4 km meteorology and emission updates
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Rim Fire
In California

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

Transport of smoke towards Reno, NV on 8/22
was confirmed by GOES-14 satellite imagery.

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

Observed PM2.5 concentrations peaked
around 2 pm LST, predicted concentrations at
the surface peaked at 1 pm, and the highest
predicted concentration was lower than
observed
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Using MODIS Dust Mask Algorithm from NOAA/NESDIS satellite imagery
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