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National Air Quality Forecast Capability @
status in September 2018

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

Prediction Capabilities:

Operations:

Ozone nationwide
Smoke nationwide
Dust over CONUS

Fine particulate matter (PM2.5)
nationwide

Testing of improvements:
Ozone

Smoke

PM2.5

Bias correction
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@ National Air Quality Forecast Capability
End-to-End Operational Capability

Model: Linked numerical prediction system http://airquality. weather.qov/

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:

. NWS weather observations; NESDIS fire locations;
climatology of regions with dust emission potential

. EPA emissions inventory

L R -
Maximum 1Hr Ozone(PPE) Ending Tue Aug 07 2018 1AM EDT
@ CTue Aug OF 2018 0522
V Mational Digital Guidance Database &
1z 2

z mocel run Graphic created-Aug 08 12:30PM EOT

Gridded forecast guidance products Ozone predictions

http://www.emc. ncep noaa. qov/mmb/aq/cmaqbc/web/html/

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

for 48 hours)
. On EPA servers

150
105

« Updated 2x daily ™
Verification basis, near-real time: z
«  Ground-level AIRNow observations

of surface ozone and PM2.5 ;

. Satellite observations of smoke and dust
Customer outreach/feedback

« State & Local AQ forecasters coordinated with EPA L e
. Public and Private Sector AQ constituents PM2.5 predictions 3
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Ozone predictions

3 & Verification for 2018
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Interactive Map of Air Quality
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Maximum 1Hr Ozone(PPB) Ending Tue Jul 03 20158 1AM EDT

CTue Jul 03 2013 05Z)
vs Mational Digital Guidance Database &

0Bz model run Graphic created-Jul 02 &:50/M EOT

Operational daily maximum of 8h ozone predictions wrt 70 ppb threshold over CONUS

Maintaining
IJ\( prediction
accuracy as
the warning
threshold
was lowered
and
emissions of

pollutants are
changing
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Performance of operational ozone
predictions over CONUS

Fraction Correct for 8h Daily max Ozone

2012

2013

2014

2015

2016

2017

2018

2008

2009

2010

=== 75 pph threshold

2011

=== 35 pph threshold

70 ppb threshold

showing performance for May, June, July & August for each year
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Performance of ozone predictions:
diurnal variability in July 2018
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-8 Avg OZON obs (PPB) avged by fcst hrs -8 Avg OZON obs (PPB) avged by fcst hrs
20180701 to 20180731 20180701 to 20180731
West-US East-US

Observed-Mean

OPERATIONAL Forecast-Mean
-------------------- PARA-Bias-Corr-NEI2014-HMS Forecast-Mean
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from the same CMAQ system
Predictions for 48h at 12km resolution over CONUS Average monthly bias: all regions

1-h avg aerosol predictions vs. EPA obs, Th=35 ugfm3

13

¢ CMAQ 5.0.2: CBO5 gases, AERO-6 aerosols since June
2017; CMAQ 4.7, CBO05 with AERO-4 prior wl

e Sea salt emissions, wildfire and dust emissions and
suppression of soil emissions from snow/ice covered
terrain included since summer 2014 (Lee et al., Weather
and Forecasting 2016); only NEI sources prior

e Model predictions exhibit seasonal prediction biases:
overestimate in the winter; underestimate in summer.

e Additional observational input: AIRNow PM2.5
observations for bias correction a verification

Avarage monthly bias, uga’m3
=

-10 }

=13
p& ’ ey, Jan03 Jan 10 Jan 11 Jan 12 Jan13 Jani4 Jan15
A & N = January 2009 - June 2015
: inagens L 3 Pacific Coast —e— Lower Middle —e— South East —e—
ﬁ = Rocky Mourtaing Upper Middle —— Morth East —s—
[
Forecast challenges

* Improving sources for wildfire smoke
and dust

PROD BIAS COR PHZI01 (UG H]) FRI 150907/ 1300¥001

* Chemical mechanisms eg. SOA

wronERERANTIEE

 Meteorology eg. PBL height

e Chemical boundary conditions/trans-
boundary inputs

PROD  PMZ301 IUG/M3)  FRI 180907/1300¥00L = 7

NAQFC PM2.5 predictions
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Updates to air quality predictions for @
the next implementation

Update fine particulate matter (PM2.5) bias correction system to use:

« Consistent model predictions for training of the unified KFAN bias correction system
* Increased number of observation sites for model bias correction to over 900 monitors

* Improvements to forecast extreme events by adding the difference between the current raw
model forecast and historical analogs’ mean to the KFAN bias-corrected predictions

New ozone bias correction with the same unified codes and configuration

\ON4
Ny3s

» Uses ozone, wind direction, wind speed, temperature, solar radiation, NOx, NOy and PBL
height as parameters to identify analogs

Updated anthropogenic emissions (oil and gas sector, point sources)
Updated fire emissions processing

 To accommodate NESDIS operational procedure changes
New fire emissions diurnal profile

Update Alaska and Hawaii domain CMAQ code to the same version used for CONUS :
» CBO05 gas-phase and aero6 aerosol chemistry (155 species)

* Improved heterogeneous, agueous, winter-time reactions
» Improved SOA and coarse mode PM

Wildfire smoke emissions and bias correction are not used on O-CONUS domains at this time.
Tentative implementation date is December 26
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% Expected Benefits from this upgrade:

* Improved accuracy of bias-corrected fine
particulate matter predictions.

 New bias-corrected predictions for ozone.

« Upgrade all NAQFC CMAQ domains to identical
EPA version 5.0.2.

o Updated emissions inventories

10
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Schematic of the standard analog post-processing scheme. « The analog technique searches for
previous forecasts similar to the current
new forecast (blue star) — where the similar
forecasts are circled in black, and re-orders
the time series with the first closest analog
directly preceding the new forecast, and
the second closest forecast next (bottom
panel)

» The observations (in black) corresponding
0 firre to the two-best analog forecasts are then
weighted by how closely they resemble the
current forecast, and their weighted sum
(the ensemble mean) provides the
\L corrected forecast estimate (new green star
on day eight)

Thu Fri Sat Sun

t

Mon

- K

PRED

Analog Ensemble
{2 members)

0BS e Once the bias correction is calculated at a

given forecast hour for each AIRNow

e e e

Wed 1 Fri Sat ' Tue 1 Sun ' Mon 1 Thu observation site, the bias is interpolated
farthest | t " " i
forthes e ANALOG" Space across the CMAQ grid, and then added to

the CMAQ gridded forecast.

Red curve: time series predicted by a model

Black curve: observations

Data to the right of the dashed line at t=0: the new
forecast

11
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@ KFAN modification for extreme event correction
ch()& w\&; %&“o\é,
Yo an?

Iy CMAQ
H °
n : *
10 o | l
% Analogs ..._._'_ CMAQ. % Analogs -‘—‘—.- i
) Obs r". ..; § Obs '
9 o
(@]
Time Time
Standard KFAN bias correction New KFAN bias correction with
with good analogs very poor analogs

* The left panel is the typical case of having analogs that are similar to the current forecast, but the
observations have a bias relative to those analogs, which is then corrected.

* |If an extreme event occurs (right panel) that previously has not occurred in the training data set, the
best analogs will have a different value than the current forecast (indicated by the dashed red line).

* The modification made to the KFAN technique is simply to add this difference (the dashed red line) to
the standard KFAN value, resulting in the KFAN-new forecast.

12
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Day 2 8hr daily max O,
Valid July 19,2017

PROD DAYZ OZNXQE (PPB) 20170718 12Z CYC~

OBS: 77 ppb
Prod: 67

EXP - OPER BC aqn DAYZ D8 nhr awa O0ZMX from 20170718 12 UTC Run

EXP BC - Production

Philadelphia experimental bias-corrected
O, predictions degraded from Raw production
predictions by 5-10 ppb

13


http://www.emc.ncep.noaa.gov/mmb/aq/sv/grib/2017071812/maxpa_parabiasx.txt

106,
83,
10,
63.
54.
50.
q3.
49.
30.

o O O O GO A A O

8 hr max O, for day 2

PARA BIARS COR ¥8

PROD

DAYZ 0ZMX08 (PPB) TUE 170829712

EXF - OPER BC aqm DAYZ OB nr ava DZMX from 20170827 12 UTC Run

EXP BC - Production

DATZ OZMX08 (FPB! TUE 170829/1200V0498 -

BC:

Helps correct underprediction over California valleys
from fire influenced O5 production
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Exp Bias correction
* West: - Removes post wild-fire event noise
- Captures wild-fire events esp. early Aug
» East: Similar to prod BC, some improvement around 8/21-8/25
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Prod, Prod BC, Exp BC PM2.5
Diurnal Time Series
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January 2018

1-h Avg PM25 obs (ug-m3) avged by fcst hrs 1-h Avg PM25 obs (ug-m3) avged by fcst hrs
20180101 to 20180131 20180101 to 20180131
West-US East-US
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* Less PM (improved) over East with experimental bias correction processing
Note: Operational bias correction now using correct V5 training predictions
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Q; Day 2 daily 1hr Max PM2.5
Valid Jan.2, 2018

FPROD DRAYZ PHMXO1 (UG/M3) 20180101 12Z CYC~™

Bias correction better captures stagnation
episode in Central Valley
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Experimental bias
correction for ozone is
better than raw model,
especially in the
Western US
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Performance of PM2.5 predictions

(July-Aug 2017)
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compared
to Raw
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Experimental bias
correction is better
than operational one

Experimental bias
correction is much
better than raw model
in July and in for
Eastern US in August
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Q. Performance of PM2.5 predictions

(Sept 2017 & Jan 2018)

BC Operational

Fraction correct for 24-hour average PM2.5 (day 2) [EeileEli=e BB a PRy PM2.5 24h
to Raw avg BC avg BC

Day 2 West East West East

Western US Eastern US September  -/+ +

January + +

DAY 2 24h-avg PM25AV Hit-Rate avged by Threshold

DAY 2 24h-avg PM25AV Hit-Rate avged by Threshold 20170901 to 20170930
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£ oo - in January and in for
E Eastern US in
os |1 September
January " January
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Summary evaluation of bias
corrected predictions

BC Operational Exper. Exper.
compared PM2.5 24h PM2.5 24h ozone 8h

to Raw max BC
Day 2 West East West East West East
July

August

September -/

R

Fraction Correct for day 2 predictions indicates:

New_ozone bias corrected prediction is better than raw model
prediction

Updated PM2.5 bias correction is better than both raw model
predictions and operational bias corrected predictions
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Emissions in the operational model >

Point sources: upgrade based on 2017 CEM and 2018 DoE Energy Outlook,
Canada 2011 Environment Canada Emission Inventory (ECEI), Mexico inventory
(MI) 2012 version2.2

Area sources: NEI2011 with O _n_G adjustment for 2016 + FORM/NOXx upgrade
Non-road: for U.S. used NEI2011, ECEI 2006 for Canada; Ml 2012 for Mexico
Mobile sources: Cross State Air Pollution Rule (CSAPR) 2011 Emission Data
Intermittent emissions: windblown dust — FENGSHA Model (Tong et al., 2016)
Wild fires -- NESDIS Hazard Mapping System (HMS) & fuel from New USFS
BlueSky v3.5.1

Natural source: Biogenic with BEIS3 Version 3.14; Sea-salt based on 10m wind

23
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@ Emissions updates: oil and gas sector

. 2014 Energy Information Administration on Shale Plays
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@ Area Source: Oil and gas activity upgrade

using activity data from 2016 production inventories

Parallel testing

Current operational
.' : <, [j.!!;]'i:'

Morgan Town, WV
O, predictions at 18Z on July 18 2017 showing significant local impact
25



@ Area Source: Oil and gas activity upgrade

using latest formaldehyde to total VOC ratios

Current operational Parallel testmg
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Denver, CO

O, predictions at 13Z on Feb 23, 2018 showing significant local impact in
Denver, CO
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Next emission upgrade

NEI2014v2 from EPA — significant activity data changes
Differences from NEI2011: Oil and gas has point and area
components & Biogenic uses BEIS3.6.1

Area Agriculture: NH; expanded with all related species
MOVES2014v2: 2014 Activities modulated by 2017 NAM

Halogen chemistry related emission: for CMAQ5.2
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‘@ Emissions testing Summer 2018
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Updated HMS fire processing code in BlueSky for
HYSPLIT and CMAQ applications

* Interim NESDIS HMS processed fire information system (w/ GOES-16)

— NESDIS HMS group discontinues the manual inspection of HMS fire because of the increase
number of fire detection from GOES-16 data.

— All fires in a 10 km? gridded area are represented by one HMS fires information.

— Interim solution only has manual inspection to remove false positive and add false negative
west of 102W in the CONUS domain.

— Used operationally from April 11-July 31, 2018.
* New HYSPLIT/BlueSky fire processing based on HMS fire detections (w/ GOES-16)

— New automated system is used operationally on August 01 2018.
— Aggregate all satellite fire detections, both geostationary and orbital, into a 0.01°x0.01° grid.

— Identify HMS fire and starting time of each grids with more than one detection.

The comparison of the western US fire PM,. emission between using HMS provided fire information (w/ manual
inspection; blue bar) and from automated system (red bar). Results from automated system lead to overestimate
of small fires but underestimate of large fires with comparable results of medium fire.

Missing manual increase %f HMS fire strength ™1

ag0Ee0n HMS Fire duplication : wDupiicate chunt
2.00E+01
HYSPLIT 0180708_t08: Valid 20180709 Analysis_Fire_datagg,gazos 0.00E+00 l -':: Aaaeasasssstas ~I; = IO.IL paasse = e ‘;I 7 |N| l||g|° -
N— CAN e 2 §§§§§§§E§§§§§§§§3§§§==EE§§§EEEE
i \/H - °. 1.80E+07 - :
Awus PR 1\ T Leopegy | MPMEPRODFGIWUs  Erom June comparable or higher
o 1w P 1 PM25_HMSv7.6_FCST_WUS
fo- = —— 2N Wz , vaogsoy | BTN L —
{ [TwL— BJ }m —3 5 vaoesor . W US - Fire PM25 emission in forecast days
{ T v
'~ \ I' ’h_ — 1.00E+07
o L P 7} 800E+06
‘._\' \ . ]\r_h 2 e 6.00E+06
_f | | \ :\( E US 4.00E+06
- 1 2.00E+06 I l “ J
MEX E\\\ \\h 5 R\‘ 0.00E+00 .|1 TR | BT T PY YT Ji i i1 hJJI i J.nl.“
owrmmre )\ Y \ W] e S @%*Zé”@‘@%’*&ﬁ& S o e I
PMZS Emis g\ Nt aieln aens m,.do-c»ns:‘h. TP I LIS F TS 6" S e‘e’*é’e\@*&’o,@"
Fire Duration A8 O<Ah<5 @ 5=4h<10 . 10=a3h<24 @ Ah=24

HYSPLIT20180724 106 Valid 20180724 Analysis_Fire_datagessaras

\ - o
A 72y
} . jI\I T T “t
Sl
\§ LAN / 7"'
LN
DR -‘r
v
QL Old PROD
) o
® HYSPLIT ARE. \\\ A %
) \
ek AR et o et iR e Y

Impact of 24 hour fire duration assumption

HYSPLIT 0180724 106 Valid 20180724 Analysis_Fire_dataggsgaras

ﬁ — * ﬂ,/Jk_,{?
! T A,
“'%jx :lj/r_é)/*f s

- ‘f IT‘_

| N\ k#-;_

el
5\,\\,\ ‘f{ ew PROD

@ HISPUTARE ™. \-\

Pizs Emis b roeros e gl <1010 @<108+06=
Hm&.rﬂh&w f\qks S A G % hd

Without the Canadian smoke plume included in the
LBC, CMAQ greatly underestimates the NW US PM,..

ar = aunes

Smoke plum LRT frgm Canada

PM25

2018 DATE 1 12 UTC CYCLE )

CMAQ captures the impact of
LRT smoke plume on the NE US. Smoke plum LRT

ety

ATIGHAL crmecind” T os
7»»““»»«&\«@*@" 2 e Boretastatean
P —— < S Carr-NEEOA-XIMS 27 - 4 hia Forecast-Mean
u
2 A

PM25

2018 DATE ( 12 UTC CYCLE )




Fire point difference example

- R Old PROD
lisg,
® HYSPLIT FIRE \ ~ ' R
\, NS
PM25 Emis (kg/hi).b, « 'c1.0e+03: ® <1.06+04= @ <1.0e+05: @ <1.0e+06=
Fire Duration (hr) 30 O<ah<5 @ 5=4h<10 @ 10=ah<24 @ Ah=24

HYSPLITop180724 106 Valid 20180724 Analysis_Fire_datasggeros

: R
RS Y
< 108403 @£1.06101= @ <1.06+05= @ <1.0e+06=
h<5 ® 5=4h<10 @& 10=3h<24 & ah=24

31



32

kLN

Lds.

WSaill

d..1 ll]]

T

1 IJI'-JJJ-J

WEStE oo I IO rumanInspectaoty
PR

mPM25_HMSv7.6_FCST_WUS
Western11S - PROD Hiyuyman-Insbhection

m PM25_PROD_FCST_WUS

1.80E+07
1.60E+07
1.40E+07
1.20E+07
1.00E+07
8.00E+06
6.00E+06
2.00E+06
0.00E+00

4.00E+06

SERY,
& G
z X
=3 x
2 N
VVZO/W‘&
" . T TELO
2l W IIIIH \,..9 L
5|0 Y ] 8TL0
m :_ | mwnv %N/Q ..m IH
o |5 —— ﬂnwonv S = SUo
H N S| =
5 RS o o
[ " | [l [
V) i H@«%ﬂ, S leuo
- 22 - % 0 2 Touo
O | | H 9 @v\r | ] -
Q| R - G " €40
b — % -
S & & -2 " OTL0
ElE - G, © -
H | Q\ %\'0 =
- - e, @ © 200
- < @\, L
a - % " $0L0
B @v -
- %% r
Q. NS = T0L0
- —— N,Q \/Q -
m m— Gp.C © 8790
IF-NaC/N C
_— % " 5790
O - fmv %N/Q L
- %, © 7790
O % |
N ,on.om - 6190
B QV \/Q L
cC - % C © 9190
-2, % -
®) - % C = €190
- nnNW \/Q |l|
F— —— T = 0190
0 ||
C «@ooo»o - £090
(dp) N = $090
 — B h@ N/Q -
: @m " 1090
S " 6750
D AR B
. @&@&w 9750
5 RS = €050
- S 0 -
. - 0. %, ~ 0750
SN WAL
- %, % -
- 5% = ¥150
- N,W, an LB
- % 1150
N7
o el
W - %@@@y = 8050
o N - 5050
C - QGJQ nV [
%, © 2050
NoRN N NN NV ,mwo < o o
o o ©o o ©o © o m \W [elie] m
+ f f I F ¥ I ¥ P 17
w w wl w w w w w w w w
2 8 3 8 3 8 8 8 8838
WSROV 5, Mm M N N o+ = n o 4 N O
¥ owv\“o

\TMOSp
WO N i
o 50

&

&
<
£

=)
© Tuno ¥



TESTING OF PREDICTIONS
FOR DAY 3 (72 HOURS)

******
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@ Ozone Dayl1,2,3 Performance for FV3-CMAQ5.0.2 ;m
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Transitioning to FV3

FV3GFS NGAC +
[ (13 km) ]I [GEOS/Chem} [ 2014 Nel 1

[

| Unified PREMAQ *'—[ BlueSky ]

Post-Proc

D e

PRDGEN 1, [ CMAQ ]—) Post
[AirNow Obs [—>Bias Correction —{ G20 FVS 1

A flow-chart of the FV3GFS-CMAQ system

(new Changes as indicated by the red dashed boxes) 36
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Next implementation:

Updated fine particulate matter (PM2.5) bias correction

New ozone bias correction using the same unified bias correction code
Updated anthropogenic emissions from NEI2014v?2

Updated wildfire smoke emissions diurnal profile

Updated Alaska and Hawaii domain CMAQ code to the same version used
for CONUS

Work in progress:

Transition to using Unified Forecast System based on FV3GFS to provide
meteorology for off-line and in-line coupling with CMAQ

Extension of predictions to 72 hours
Emissions improvements

Testing of updated CMAQ versions
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New smoke emissions
processing code

New BlueSky emissions code was
iImplemented on August 1 2018.

Necessary update as fire points are no

longer manually inspected by an analyst.

Significant effects on fire point quantity,
duration and burn area inputs.

Significant effects on smoke and PM 2.5
predictions
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Testing in progress

Transition to FV3 core and coupling of CMAQ with FV3

Two versions of FV3 are being evaluated for air quality
capabilities FV3GFS (12km) and FV3Meso (3km).

Extension of predictions to 72 hours

Emissions: Continuing testing of oil and gas and NEI
2014 emissions

Wildfire emissions improvements still underway

Updates and testing of Ozone and PMZ2.5 bias correction
to account for changes in the HMS fire code
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PARA 5 description:

e Uses NEI 2014V2 emissions for area and mobile sources

* Uses of HMS fire activity file for 06Z and 127 cycle runs. All fires assumed continuous.
* Includes diurnal fire smoke emission profile

Removes scaling of 4x larger smoke emissions during pre-analysis portion of run. Maintains emission
strength during forecast.
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Exp Unified Bias Correction near perfect
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