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fff$t— ~ Agenda for Mr. Jhih-Yuan You (Taiwan EPA), Augu$ét18, 2011

kg% — ~ AQ Forecasting programs at NOAA/NWS/NCEP/EMC

It8%= - AQ Forecasting programs(Pre-operational testi@perational
implementation processes and post-processiegfication~ Gas and aerosol
data assimilation)

Ft$%£PU ~ Summary & feedback on the visit
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National Air Quality Forecast Capability
A Multi-Agency Effort

Coordinated by
NOAA OST

e

US EPA

CMAQ development
and research,

Air pollution
'al:@eﬁ;;{ii_ent,
observation data

NOAA ARL

R&D, emission process

Forecast products

&

NOAA NCEP/EMC

Nz

Pre-implement test

AQ measurement data

Verification
Met support, LBC

Forecast products

Evaluation Feedback

Local assessment
Adevent alert

Regional/State EPA
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NOAA NESDIS
R&D,
Satellite data
processing

NASA
R&D.
GOCART/GMI
Satellite data

& 3

CEN R UGNy =7




L )

— e

— e -

N R (RSR —— | ]

CMAQ Forecast
Products to users
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Meteorology (WREF/NMM, Premaq): 6 hr cycling
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@ L8 QCE} GFS-GOCART Global Aerosols

WARNING : Contaims product only for realtime dust FCST testing
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S

DATA available from 20110901

Modeling domain
Global Regional

_ Select Region 20111108 0BZ Feat 1x1d SFC PM1D {ug/m3)

ASIA v|

Select Model Resolution:
| NCEP 1x1 operational GFS |

| Select CONC (bin size) or AOD:
|hUur\y Dust sfc Conc Anim PM10 V}

Select Model layer:

Surface Ia;er :|
Monftz Day:

Year  Vonth
[2011 % \No ﬂ [ua 03 v

NAQFC EMC
NCEP NOAA
NRL EPA

Send Comments

1 2 + L & 19 ] S0 eI [P -

[E]| 5 Global Forecast System (GEStor & s DEE . PMyo 2



GFS-GOCART Global Aerosols

WARNING : Contais product only for realtime dust FCST testing
DATA available from 20110901

Global  Regional

Select Region: 20111109 00-23Z MODIS terra HR_AVG AOD at 550nm

Total {for SAT) ¥ |

Select Model Resofution

| Asia v i ra > I - = - T
S LW -

| MODIS Terra AOD v
Select CONC (bin size) or AOD:
| DAVG AOD 50 2 |
Select Model layer:
‘Surface layer v
Year Month:  Day:
(2011w [Nov %] o3 lv]

NAQEC EMC
NCEP NOAA
NRL EPA

Send Comments

a.05 0.1 o2 o4 0.6 o8 1 1.2 1.B 2 ey
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Agenda for Mr. Jhih-Yuan You (Taiwan
EPA), August 16-18, 201

Contact: Ho-Chun Huang (WWB 100), 301-763-8000 724

August 16, 2011

9:00AM - 09:45AM
09:45AM - 10:30AM

11:00AM - 12:00PM

1:30PM - 2:00PM
3:00PM - 3:30PM
3:30PM - 4:00PM
4:00PM - 4:30PM
4:30PM - 5:00PM

August 17, 2011

9:00AM - 10:30AM

10:30AM - 11:30AM
1:00PM - 2:00PM
2:30PM - 3:30PM

August 18, 2011

9:00AM - 10:00AM
10:30AM - 11:30PM

12:00PM - 1:00 PM
1:00PM - 2:00PM

3:00PM - 4:00PM

Tuesday

The status of AQ Forecasting pags at Taiwan EPA
(Jhih-Yuan You; Taiwan EPA; WWB 209)

AQ Forecasting programs at NOAAWS/NCEP/EMC
(Jeff McQueen; AQ group leader; WWB 209)

Sit—in on weekly AQ teleconferenwith NWS/OST and
ARL (McQueen'’s cubical)

Meeting with Bill Lapenta (EMC acting director, EM
director office)

Pre-operational testing (Youhua Tang; WWB 307)

Operational implementation processes and posiepsitg
(Jianping Huang; WWB 307)

Verification (Marina Tsidulko; WWB 307)

Gas and aerosol data assimilation (Ho-Chun Huany,B
307)

Wednesday

Briefing and discussion on NEMS oBal
Modeling (Sarah Lu; teleconference, x7249)

Aerosol

Discussion with Youhua Tang (Tangubical)
Discussion with Jianping Huang (Huang’s cubical)
Discussion with Marina Tsidulko (Tsidulko’s cublica

Thursday

Discussion with Ho-Chun Huang (Hhggs cubical)
Discussion with Jeff McQueen (Mef@n’s cubical)

Emissions for operational model (Daniel Tong, ARL;
Huang'’s cubical)

Sit-in on EMC Mesoscale Modeling Branch meeting
(WWB 209)

Summary & feedback on the visit (Jhih-Yuan Youiwin
EPA; WWB 209)
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NCEP AQ Project Overview

¢ Marina Tsidulko - PBL & Chemistry Verification
- High Res. Met modeling

* Youhua Tang - Regional AQ modeling smoke, dust development and testing

- Transition research AQ modeling to NCEP
- AQ Lateral Boundary Condition Studies

* Jianping Huang - National AQF System Design & Operational Implementation
- Improved Met-Chem coupling
- Hysplit Smoke & CMAQ AOD verification W/ NESDIS

+  Sarah Lu - NEMS Global Aerosol Capability online aerosol development
*  Ho-Chun Huang - Air Pollution data assimilation
- Jeff McQueen - AQF System Evaluation
- Dispersion & PBL analysis support
°  Geoff Manikin - Hysplit Smoke testing & implementation
= Caterina Tassone - Real-time 2.5 km Boundary Layer Analysis
= Binbin Zhou — Dispersion/ensemble modeling for homeland security
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NCEP Air Quality Modeling Systems

J. Huang, Y. Tang, M. Tsidulko

Model Region Purpose
NAM-HYSPLIT CONUS ~20 km Daily smoke & dust
G. Manikin Alaska, Hawaii forecasts

(06 UTC,48h )
NAM-CMAQ CONUS 12 km ozone & PM2.5 forecasts

Alaska, Hawaii

2x/day (06,12 Z, 48h)

Smoke/dust under
development

Chemical Data Assirnifation
H. Huang, ESRL, NESDIS

Global MODIS AOD
Regional AIRNOW PM

Improve initial conditions
for NGAC and CMAQ

NEMS GFS Aerosol
Capability (NGAC)
S. Lu, A, DaSilva(GSFC)

On-line interactive global
aesrosols (1x1 degree)

Next-gen global w/ aerosol
impacts on radiation,

002,96 h

NEMS-NMMB Air Quality
Z. Janjic,

C. Perez, NASA/GISS

0. Joba, BSC

On-line interactive
globallregional aerosols &
ozone

Next-gen regional AQ w/
aerosol impacts on
radiation

NAM-CMAQ NAQFC Current Configuration
Ozone and PM2.5 Predictions
hitp://www.weather.gov/aq

Emissions:

I 8 hour max azone day 2 bixs over CONUS I

Black: NAM-CMAQ CB 8
Red: NMMB-CMAQ CB IV

« EPA CEM anthropogenic inventories
= 2005 base year projected to current year w/ EGU
» BEIS V3 Biogenic Emissions

Met Model:

- North American Nodel (NARM)

» Non-hydrostatic Multi-scale Model (NVM-> NMNMB)
»12 km 60 Levels

AQ Model:

+EPA Community Model For Air Quality
CMAQ V4.6: 12 km/L22 CONUS Domain
*Operational: CB04 gas-phase
-Exper/Dev: CB0S5 gas-phase/ Aero-4 aerosols

Access

*Output available on National Digital Guidance Database

*48 hour forecasts from 06/12 UTC Cycles
* PM graphics, GRIB files from EMC

do not quote or distribute

Dashed. NMMB-CMAQ CBUS
combot

OO Q4 Y M AR W W B W w2 3N
DATE {12UTC Eyele}

18 fivg Ozoae Concentrotion{PPB} Ending
Hon <

%% National Digltal Guidance Databose £
0L morde] aphie created-Zen 25 7132 EDY o



HYSPLIT Smoke Model

MODIS

1Hr Vertical Smoke {micrograms/m™3) Mon Jun 06 201
@ don Jun 06 2041 217>
@‘ National Digital Guidance Database

067 rodel rum Graphic treatedwlun 06 Brdift EDT

Wallow North fire, Arizona : Vertical col } ”
2011/157 - 06/06 at 20:40 UTC ertical column smoke at 217 on
Aqua 1km pixel size 06/06 5

CMAQ Lateral Boundary Conditions Tests NGAC:
Trans-Atlantic dust Transport (Sarah Lu, Y. Tang, Ho-Chun Huang)

& 50 [CorPus Christi - Nat, TX 2008 QQpeened ” * ]
a0 . O CMAQ+GFS-GOCART LEC
E; :
5 30 X;!é% 1k
Z20 s 4
S0 v Y
o]
g0
& 70
e
5%
520
SETR
0 ==
60 T T T T
= During Texas Air Quality Study 2008, the =50 P‘a”‘“k C85, TX 2006 ggﬂfgggse n
model inter-comparison team found all 7 £40 % C CMAQHGFS-GOCART LBC
regional air quality models missed some high- 230 f Sanal ] :
PM events, due to trans-Atlantic Saharan dust QoptL E
storms. S0 £
= These events are re-visited here, using R - -l ‘
dynamic lateral aerosol boundary conditions UL 3L G2AUG 048UG  0BAUG  0BAUG  10AUG

provided from dust-only off-line GFS-GOCART.
Youhua Tang and Ho-Chun Huang (EMC)
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NAM-CMAQ COUp“ng (Youhua Tang, Jianping Huang) *

Run NAM CMAQ-Ops (CONUS) &
CMAQ-Exp/Dev (CONUS PM)

Domain Rotated Lat-Lon E grid | interp to Lambert-Conf. C grid

| NMM Hybrid (60L)

| Lacis-Hansen Bulk NAM Surface clear-sky Radiation

Radiation/

Photo!ysns*f} : for Photolysis Scaling
| Mellor-Yamada-Janjic | Asymmetric Convective Mixing -2
L (MYJ) Jocal TKE (18t Order closure for daytime

PBL)

Ferrier cloud water,
| graupelfice

| Betts-Miller-Janjic
Mass Adjustment

Convective .
Cloud Mixing

| NOAH LSM

Black: NAM-CMAQ CB IV
Red: NMMB-CMAQ CB IV
Dashed: NMMB-CMAQ CBO5

Tombo7
CHAQ 8 He Dally Max Gzone Root-Mean-Square dwError CHAQ 8 Hr Daily Max Ozone Root-Hean-Squored-Error
for the 48 Hr Forecast VALID 1200 GIT for the 48 Hr Forecast VALID 1200 GMT
—
s — 1A A AN R A e — T S A A AR T L i
___________ B VHMHR combos VARE: OZIXD. RGN Hoihesat LILI SFE STAT g~ HHHB combot VARE: 70X ROM, SV EST-Coast LiL: SFe ST
3
North East South West

w0E0SAZOT 0 W W W W aw 2¥ 2y a2 2w s JopsesH20 | 087 A1 13 i 47 A% 2 280 88 2 2 3/

DATE (12 UTC Cycle) DATE (12 UTC Cycle)

Northeast RMSE Southwest RMSE

+ NMMB-CBIV worse than Production over North East
« NMIMB-CBIV & CB05 better than Production over South West
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Impact of NMMB new IGBP Land Use

(Jianping Huang)

15: Mixed Forest 11: Deciduous Broadleaf Forest

WRF /NMM\ USGS mapped fr NMMB/IGBP
sy L o sy )

w1558 T Sev Aibe 1058 1005 o35 oW 0w 6% ww w0 ohw e 90% 15w 100w 15w IV 10sv 1008 3% o0 GBU 808 738 86 e oW

B A S e e
7 8 9 10 11 12 13 14 15 16 17 18 10 70 21 22 23 24

Air Quality Prediction Vision
~ Fully Coupled
tm‘osphere;Air~Quality modeling system

EMS-AQ for éiiniat
- Global/Regio
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.

Contributions to early morning
03 spike: Fumigation ianping Huang, EMC)

0038 22 e = Difference plot :

leam . loca (NMMB  cBo5 combot)
1 o0.023 oy Minus
(wrf-nmm c¢805 combo1}

"1 0.083

0.0a7 0.009

i egend:
Latitudinal
Cross-section
on
Philadelphia,
PA.

0.001 1 &

ppmy 394 Z\ 3BV ks

0.084 z2
Vertical black
line indicates
location of
Philadelphia,
PA.

‘| 0.019

0.042 0.007

| -0.006

o . Stronger fumigation
. 1 - -
appmy a3 as | for nmmb in morning

O, concentration (ppb) Y-Z cross-section at Philadelphia
traversed W-E 600km on Aug 21, 2010

"

Model PBL verification:
averaged over CONUS domain . Tsidulko, C. Tas

el
sone

PBL Height July - August 2009 for CONUS

NAM PBL (Ri)
« NADE PBL (Mixed depth)

PBL HEIGHT (M)

VERIFICATION HOUR

Diurnal cycle of ACARS PBL depth estimates
NAM and RUC forecasts for Continental US area.
Averaged for July — August 2009. 12
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~ Diurnal Cycle 1 hr 03 BIAS (ppb)
' August 2010 West vs East

Western US Eastern US
SBFC QZOM/t BIAS SFC OZON BIAS
averaged by fest hrs from 20100805 1o 20100831 averaged by fcsi hrs from 20100805 to 20100831
it BALL-CBIV-PROD  Wesd-US e HAM_CEIV-PROD  Es3l-US
ros—— 1 i oo il oy et o 0
------- Foem e HARE.CBOS G mboi—codtiS  West-UB HHRB-CBIS-combol-waliC  Baml-US

-2

00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 0002 0505 08 10 12 14 16 15 20 22 24 26 26 30 32 34 36 38 40 42 41 45

Foracast Hour {12 UTC Cyele) Foracast Hour (12 UTC Cycle}

* Early morning error spike for only NMMB runs in East
« Early morning error spike for all runs in West
Deeper PBLH in NMMB mixes down residual poflutant air mass

NMMB Impact on CMAQ

Day 2 Ozone 8h daily maximum
August 10, 2010 Case (M. Tsidulko)

* NMMB CB-IV runs:
* Improved along Long Island Sound
* Underpredicted Max O3 over Baltimore-Washington areas

* NMMB CBO05 combo1 run: (improved Vd, PBL limits, chem lbcs)
+Overestimates in low ozone regions (e.g.: Upstate NY, Mass)

10
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RECOMMENDATIONS
AQ models

° Improved Met-Chemistry coupling
» Global models for lateral boundary conditicns
= Urban vs rural model performance

= Utilize additional boundary layer measurementis
* WVSS moisture aboard aircraft
» U.8. /Canada boundary layer profilers
e Lidar networks ( NASA MPLNET...)
= Co-location with met measurements

« Evaluate use of satellite data for
forecast evaluation & assimilation
- MODIS AOD
» CALIPSO aerosol backscatter
* OMI, TES ozone profiles
« EARLINET lidars

+Create a suite of cases for AQ model evaluation

® Urban plume cases
« Orographic influences
« Other sources: smoke, dust, volcanic ash.,.

°Field experimental data portal (Discover AQ, CALNEX 2010, TEXAQS) 15
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Kf$%= - AQ Forecasting programs(Pre-operational testi@perational
implementation processes and post-processiedgfication- Gas and aerosol
data assimilation Briefing and discussion on NEMS Global Aerosol

Modeling)



Various updates that we need test
before the implementation

° Emissions: point, area, mobile, biogenic etc

e Chemical mechanism: CB04 andCBO05

° Meteorology drivers: WRF-NMM and NMM-B
° Different vertical and horizontal resolutions

* Adjustment on lateral boundary condition or
initial condition (using data assimilation)

e Other adjustment on physical
schemes/parameters (PBL, dry deposition)

* Additional products

Updates from different
requests

Additional outputs
(downstream request)

J

AQ Research &
Development

Bug fix
Performance Meteorological updates
Enhancement (upstream change)
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Introduction to Air Quality Pre-
Implementation Testing Procedure

National Air Quality Forecast Capability
A Multi-Agency Effort

Coordinated by
NOAA OST

T NoAAARL

R&D, emission process

Forecast products NOAA NCEP/EMC
Pre-implement test
Verification
Met support, LBC

Y

f AQ measurement data

N\~

Forecast products
Evaluation Feedback

‘Regional/State EPA
Local assessment
AQeventalert: -
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NOAA NESDIS
R&D,
Satellite data
processing

[

g

" GOCART/GM|

NASA
R&D

Satellite data




Type of the Tests

* Testing for retrospective period. It is typical
for some certain events, such as high-ozone
episode, biomass burning event, dust
intrusion case and field experiments.

Real-time testing. It is usually happened when
the change is near to the actual
implementation.

Beltsville 20060803 17.92 UTC

16000

12000 -

2000 ~

4000

Altitude above Sea Level (m)

Observed
Fixed LBC
RAQGMS LBC
MOZART LBC
-~ GF§-03 LBC

IONS LBC2
1

16000

12000 -

0000 -

4000 =

Altitude above Sea Level (m)

80 120
O, (ppbv)

140

Huntsville 20060803 17.53 UTC

Observed
Fixed LBC
RAQMS LBC
MOZART LBC

40

80 100
O, {ppdv})
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Altitude above Sea Level (m)

Altitude above Sea Level (m)
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Impact on ozone prediction due to the regional model coupling with global
models via lateral boundary condition.
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GF3—GOCART PM2.56 Dust 8;&%/:!1') LBC
at 122, 07/28/200
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CMAQ surface PM2.5 (ug/m?) Compared to AIRNOW
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California fires on 08/30/2009
MODIS/Aqua Image NOAA/NESDIS HMS data

.

Comparison for surface stations over Texas
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Mode| Predictions Compared to AIRNOW O, Model Predictions Compared to AIRNOW O,
over 'Upland ',CA Lot=34.099 Lon=-117.673 over 'Pasadena ',CA Lat=34.083 Lon=-118,108
190 O Observed 0 © Observed
40 # CMAQ base run 180 # CMAQ base run
8 CMAQ with FIRE 0 CMAQ with FIRE
120 . B CMAQ withoufIFIRE f 160 2 CMAQ without FIRE
g 100 ? _%\
g e
b= i
g °
2
Jzﬁ “
@%
152
TIME (UTC) TIME {UTC)

PARA 127-Fest O, Bias {Para—0BS) (ppbv) overlaid
on PARA 0, at 21%, 08/29/2009

FIRE 12Z~-Fest 0, Bias (FIRE-OBS) (ppbv) overlgid
on FIRE O, Difference {FIRE-FARA) at 21Z, 08/29 /2009

un

Model Predictions Compared to AIRNOW_PM2.5 Model Predictions Compored to AIRNOW PM2.5
over 'Yosemite Village — Visitor Center ',CA Lot=37.749 Lon=—119.5 over 'San Diego ~ Beordsley Sireet ',CA Lai=32.715 Lon=—117.1!
200 O Observed O Observed
% CMAQ base run % CMAQ base run

188 Z CMAQ with FIRE L CMAQ with FIRE 7
o H CMAQ nlithout FIRE . B CMAQ without: FIRE &
"0 5 i
B s B 2 il
2 & 3 5 &I
- - ] A
2 b 7ol
o N [ gL
= = CFE g
a a ! 5.5
L4

ZIAG Tsee

2009

TIME (UTC) ’ TIME (UTC)

PARA 12Z7-Fest PM2,5 Bias {Para~0BS) (ug/m®) overleid!
on PARA PM25 at 152, 08/29/200%

FIRE 122—Pcst FM2.5 Bias (FIRE-0BS) (ug/m) overlaid:
on CHAQ PU2.5 Difference (FIRE~PARA) at 15Z, 08/29/2009
% "

238

.

4

4z

it

i

.
AR e £ EGRIT AL RO R e

do not quote or distribute



Other tests we made in past 2 years

e Hawaii/Alaska air quality prediction

° NMM-B implementation

¢ CB0O5/CB04 comparison

* Test the updates on point sources and area
emissions

e Adjustment on dry deposition velocity

e BlueSky wildfire emission testing

e Dust lateral boundary condition from Inline
GOCART

° Adjust PM2.5 initial condition using GSI

Summary

» All changes/updates need to be tested before the
implementation to prove that they can yield better
prediction.

* These changes could be due to various requests,
including model upgrade, our project team,
upstream changes, downstream users, or NCO
request.

° Most changes have side effects, and we need find
a way to minimize those side effects. Otherwise
we have to abandon these changes or defer their
implementation until finding a better solution.
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Real-time testing and operational
implementation of National Air
Quality Forecasting Capability

Jianping Huang
August 16, 2011

Tasks

> Set up real-time testing of National Air
Quality Forecasting Capability (NAQFC)
(EMC)

* Prepare Request For Change (RFC) for
operational implementation

o Work with NCO on implementation

» Check and post-process forecasting
results
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NAQFC

Part I: Pregen

- reads the Met model (e.g., NMMB) outputs and interpolates the met
fields into the CMAQ domains (e.g., CONUS, HK and AK)

Part li: PREMAQ

- does vertical coupling and biogenic emission calculation and
provides met and emission inputs to CMAQ

« Part lll: CMAQ

- provides chemical species forecasts (e.g., O; and PM, ;) (hourly,
surface and upper levels)
* PartlV: Posts

- Post1: provides 1-hr and 8-hr averaged surface ozone, day 1 and
day 2 daily 1-hr and 8-hr max surface ozone forecast

- Post2: provides grib format output fields at upper levels
- Post3: provides AOD products in grib format

Real-time resting of NAQFC

* |Interact with ARL to receive and test the latest version of
PreMAQ and CMAQ codes (with Youhua)

» Check all source codes, scripts, fixed and parameter
files, emission and related files, and set up real-time
testing of NAQFC

» Run the system on developmental machine once per day
at 12z at the first stage and then 4 cycles per day before
submitting RFCs

* Work on posts and provide all product files including 1-hr
and 8-hr average surface O, daily max 1-hr and 8-hr
surface Q,, surface PM, 5 and AOD files, grib1 and grib2
format data files '

+ Present real-time results on our website
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Prepare RFC

» Clean-up and prepare all run jobs, scripts, source, codes,
check all input files such as fixed, parameter files,
utilities, and emission related files according to NCO’s
requirements

* Write up RFC
- description of change (what)
- benefits of change (why)
- user impact statement (who)
- risks (what could go wrong?)
- computer resource estimates
- implementation instructions

» All RFCs must be completed at least one month before
NCO implementation except for emergency situation.
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Implementation and check up

* Working with NCO on parallel implementation

- NCO parallel runs 4 cycles per day (00z, 06z,
12z, 18z) where 00z and 18z provide 6 hrs
forecasts and 06z and 12z provide 48 hrs
forecasts

¢ Checking all output files

» Going to operational run at least one month after
NCO parallel run



AQ verification at NCEP

NCEP team
August 16, 2011

Ozone and Aerosol Verification System at NCEP

Observations Model output.

AIRNOW | | CMAQ: prod, exp, test || HYSPLIT |

st

\ Encoding to bufr format ’ i Encoding to GRIB format |

‘ Data tanks at NCEP: 00Z-00Z once a da?l CCS or HPSS: 48 hr fest for 062, 122
cycles

f Encoding to modified bufr format (prepbufr)—|

-

Grid2obs code

l -

Partial sums (domain ave): ascii format | ——| Archive

Forecast Verification System
I}

StatiStiCs
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Verification Sub-domains

*Eastern US: NEC, APL, SEC, GMC, MDW, LMV, ECA
*Western US: NPL, SPL, NMT, SMT, GRB, SWD, NWC, SWC, WCA
*Central US: GMC, MDW, LMV, NPL, SPL, NMT, SMT, SWD

VERIFICATION DOMAINS

G246

Western US G245

G247 Eastern US
Central US
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NCEP Air Quality Forecast 2010 Verification g
(1 hr avg ozone bias)

AQMPROD VARB: OZOkN/1 RGH: Northeast LVL: SFC STAT: bias
----------- drweemmnw AQMPROD VARB: OZON:1 RGH: Soulheast LYL: SFC STAT: bias
AQUPROD VARB: OZOHNr1 RGH: Midwest LVL: SFC STAT: bias

-~ AQMPROD VARB: OZON/1 RGH: LRiss-Vall LVL: SFC STAT: bias
AQUPROD VARB: OZONr RGH: SWEST.Coast LVL: SFC STAT: bias

oommemm———— A ~-AQUPROD VARB: OZONA RGH: HWEST-Coast LVL: SFC STAT: bios
Production Experimental
&
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Forecast Hour (12 UTC Cyelo) Forecast Hour (12 UTC Cycle)

Almost the same for NW and Mid West
Higher for NE, SE and Low Miss Valley (increase positive bias)
Higher for SW (improve negative bias)

NCEP Air Quality Forecast
8 hr Day 2 Daily Max ozone
July 8, 2010 SE U.S.
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PBL Verification System at NCEP

Observations

g{0(z) - d{si)

Model output

Riy = > B B
# 9(5)[(:1(:) —uls)” + (2 —v(s)) + bfz:j

RiCR= 0.25 (Vogelezang and Holtslag, 1996)

MYJ PBL scheme:

T 1) THE PBL
[ Te— 2} Mixed fayer depth
NAM | 2 ¥ixed layer dep
3) Ri number approach
« RU C Virt, pot. temp. profite

RAOB
]

Aircraft 1,

—» | PBL calculation
""""""""""" : Ri number approach

PBL depth "¢
output (internal

scheme/derived
in‘post-
processing)

: S REF Ri number approach

1 n - "
: CMAQ ; l':n::lll;{::rdal;;)rcach

“Profiler |- I

|

DR RER {ACM2)

Forecast Verification System

Statistics

Model PBL verification: averaged over CONUS domain

PBL Height July - August 2008 for CONUS

[P YT} T

............ ~@rrremenrer RUC PBI.
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e i INAM PBL (Blixed depthy
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VERIFICATION HOUR

Diurnal cycle of ACARS PBL depth estimafes
NAM and RUC forecasts for Continental US area.
Averaged for July — August 2009,
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Case studies: WRF-NMM vs NMMB | 17-18 Aug 2009 CT ozone overprediction |

5x (Operational} 8-hr max 18AUG2009
s T

200 430 GO0 8O0 160D 120D 1403 1600 1BGG 2000 221

NMMB: TKE PBL

* Main direction of winds is SE,
potentially bringing pollutants from
the NYC area

* PBL is collapsing over the sea
forcing the pollutant to stay near
surface, which could be one of
potential reasons of large ozone
over-prediction in this case

03(ppb) and PBL height{rn) 20080817 12z + 30hr 03{ppb) and HEL height{m) 20030817 2z | 30hr

R PR 2N
s SR FIR Bem

Height (m)
leigat {m)

g 58§88 8% 8

AU A W 4
Pl N

Aline Blline —%——+

Ozone concentrations (pph) predicted in NCEP Air Quality Forecast
system (correspondent g-levels are shown on right axis) and PBL

height from different model simufations (green and black lines), 03(ppo) ond PBL nelgrifm) 20060817 127 + I3tr
Grey lines indicate surface, Blue circles indicate PBL estimations

from ACARS data at airports, o

Over Long Island, high-resolution (4km) NAM e

run has 400-500 m higher PBL than 12 km Z

NAM PBL and 12 km ACM2 PBL (currently £y

used in CMAQ). Potentialty this may help w0

pollutants to stay higher while travelling over &

water and reduce surface concentrations in woft

Connecticut. B Iine" mnmmu B AnHl u«;n um o R T
s

0 e 135 1am
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NCEP GSI aerosol DA

Ho-Chun Huang

August 16 2011

s, e

1\OH4,

&
¥
S

“dy3s

NCEP Global Aerosol Models

Aerosol Module

*NASA Goddard Global Ozone Chemistry Aerosol Radiation and
Transport Model (GOCART; dust, sea salt, sulfate, and BC/OC)

Meteorology Module
*NCEP/EMC Global Forecast System (GFS) - offline

*NOAA Environmental Modeling System with GFS component
(NEMS/GFS) - inline

+Off-line dust-only GFS-GOCART is driven by operational GFS for real-
time testing since December 2009.

*On-line dust-only NEMS/GFS-GOCART is in real-time testing since
June 2011 (Sarah Lu)
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MODIS AOD T126 at 2008-07-23-00

=

Distribution pattern is good but
model underestimates the intensity
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Saharan dust outbreak: 8 March 2004

Model simulation Assimilation MODIS

Aerosol optical depth at 550nm {upper)
and 870/675nm (lower)

w{Cape Verde  ..fDakar

;.
PR ‘ Y
1 Assimilationf \

NCEP Aerosol Data Assimilation

The Gridpoint Statistical Interpolation (GSI; Wu
et al., 2002) is the analysis component of NCEP
Global Data Assimilation Systems.

Global

— MODIS L1.5 AOD (Aqua and Terra)
— NEMS/GFS-GOCART modef output

Regional
- US EPA AIRNOW PM2.5 Concentration
— NCEP/NAQFC experimental PM2.5 model run

Verification
— AERONET AOD
— CLIPSO onboard lidar profile

o

]
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Satellite
and/or in-situ
Observations

MODIS AOD BUFR

AIRNOW PM2.5
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The project list of globallregional gases and aerosol DA using GSI

Spatial
scale

Sponsor

QOrganization Personnel Agancy

First guess Observations Utilities development

general CRTM optical

NGEP EMC | Ho-Chun Huang  Jehn Derber Giobat GFS-GOCART | MODIS TC AOD in heuse property for GOCART

NCEP EMC Haixia Liv John Derber Global GFS S%‘ig(gm‘:;)c In house

N Shobha . general CRTM cptical
NESIDS Qiang Zhao Kondragunta CONUS CMAQ/CBO5 GOES TC ACD In house property for CMAG
MODIS TC AOD
ARL Tainfeng Tsai  Piuslee | CONUS | CMAQUCBOS | AIRNOWPM | Inhouse geﬁj{%ﬁig?éosgggi";“‘”
AIRNOW Ozone
CMAQ/CBOS NWS/AQ | AIRNOW PrepBUFR read
Mariusz Pagowski
GSD George Grell CONUs AIRNOW PM
WRF.CHEM™ AFWA

NESDIS Allen Lenzen Brad Pierce CONUS CMAQ/CBxx | GOES TC Ozone* JSDI

NCAR Zhiquan Liu CONUS WRF-CHEM # | MODIS TC AOD* AFWA MOCIS BUFR utilities

\EATg e

Non-NCEP model Epﬁéﬁ; Total Column
S

T C: in-sifu surface data

y
9,
i
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NEMS GFS Aerosol Component

An interactive atmosphere-aerosol system

Sarah Lu
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CMAQ Forecast
Products to users
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Meteorology (WREF/NMM, Premaq): 6 hr cycling
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NGAC Overview

Team efforts toward building global
aerosol forecast capability at NCEP

Mark Iredell (NEMS team lead)
Sarah Lu (aerosol modeling)
Shrinivas Moorthi (physics)
Yu-Tai Hou (radiation-aerosol)
Henry Juang {dynamics)

Jun Wang (1/0)

Hui-Ya Chuang (post) , fﬁ'»,:_géﬁﬁEL§E\§éi§YSTEN§_;—L '

Weiyu Yang (ESMF infrstructure) S
Ho-Chun Huang (data assimilation)
Downstream applications (Jeff McQueen, Youhua Tang, Xu Li)

GSFC collaborators (Arlindo da Silva and Mian Chin)
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Developing an interactive atmosphere-

aerosol forecast system
¢ In-line chemistry advaniage

— Consistent: no spatial-temporal interpolation, same physics parameterization
— Efficient: lower overall CPU costs and easier data management
— Allows for feedback to meteorology

°  NEMS GFS Aerosol Component

— NEMS GFS and GOCART are interactively connected using ESMF coupler
components

— The NEMS/GFS has the capability to forecast dust, sulfate, sea salt, and
carbonaceous aerosols

Color Key

‘Generic Coupler:

. Phy:Chem
Coupler..

Off-line system versus in-line system

The outcomes of GOCART aerosol fields:

Off-line System | In-line System

dust/smoke Prov:dg dynamic dust/smoke LBCs YES YES

for regional AQ forecasts
: Provide global volcanic particulates

volcanic ash
transport tracking capability and YES YES
LBCs for regional AQ
Radiation feedback in GFS NO YES
Atn‘_)osphenc correction in SST NO YES
retrievals

full package
Aerosol effects in GSI/CRTM NO YES
Aerosol data assimilation NO YES
Aerosol-cloud interaction in
GFS/CFS NO VES
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dard Chemistry Aerosol Radiation and Transport Model Lﬁ‘ﬂ@@ﬁj
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Sources

Tepographic Source
5 size clzsses 0.1 ~ 10

Improved representation of sub-micron
particles
5 size cizsses D.03 - 10 um dry radius

Based on maasured sea
surface concentraton

~ GEOS-5 Aerosol

Module

Sedimentation
Dry Zeposilion
Wet removal
Bwaeling by RH g

1

| Chemistry

Oxigation to S

NG5 {nighttime)

Anthropogenic
Oxidation of SO, w/ OH (daytime} and
Agquecus reacton with H,C

' Biomass burning
| Biofuel
it Anthropogenic
B L QC

24~hr fest, initialized on 00Z 2011~06~14

AOD comparison (GEOS5 versus NGAC)

. s ! Dry ceposition
| Hydroph ?}ch & E ‘.".’r;’t mf‘nova%
Hydrophilic § {hydrophiiic onfy}

(GSFC)

From Arlindo da Silva

Different AGCM; same GOCART

* Dust loading near source regions
are comparable

* Need to examine (and possibly
adjust} removal processes in NGAC

- GECR-&

tnitslized wn 002 JOYT . GE- 14

GEOS5

Dust Aerosol Optical Thickness

Same color scheme is used
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Current Status and Performance

Pk ,,";"ﬂ'{ii«r,‘

Dust Source Function

Function of surface topographic depression, surface wetness, and surface wind
speed (Ginoux et al. 2001)

S: Source function s fraction of clay and silt size
Uger wind speed at 10 m  u, threshold wind velocity

A constant=6.5 w,: surface wetness
G, : particle diameter Ppr P, © particle and air density

Courtesy of Ho-Chun Huang
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Use dust source map mapped to T126

gocart_v4a.dust_source.T126.nc

GrA0S: COLAAGES 201903~ 18-12:26

T,

Monthly averaged Aerosol Optical Depth (AOD, .=
column-integrated aerosol extinction coefficient)

MODIS MYDOS_M3.051 Asrooo! D&gﬁ%?&f!h at 550 ne {uniteas}

Monthly average of 550nm ACD for June
2010 from MODIS onboard Aqua {left) and
dust-only NGAC simulations (right}

NGAC (Jun 2010)

MODIS Data: Giovanni online data system,
developed and maintained by the NASA DISC

a1 055U G6E 0.

Retro NGAC experiment:

*T126 L64

eJune-Aug, 2010 with one-month spin-up
sMeteorological fields are replaced by oper
T574 GDAS every 24 hour 12
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AOD from NGAC forecasts versus in situ observations (AERON ET)
and satellite measurements (MODIS) at Izana

FC-OBS Bias. Mode! (salu} AOT at 550nm against L1.5 Aesonet AOT at 500nm.
Mean=-0.175. Pariod=00Z-00Z 01-30 Jul 2010, FC start frs. FCHS-T&B >24 by 6.

sEsuRaiy

Good agreement between
maodei and observations near
the source region

Camparisan of madel (salu) and MODIS AOT at 550nm and L1 5 Aeronat AOT 21 500nm aver
izana (28.31°N, 16.5°W). Model: O0UT, 1-30 Jul 2010, T+8 10 T+24.
¢ WODIS AT Fatal FC ADT

/ AERONET fotal AOD (L1.5) This is a dust-dominated site
1.2
. sarison of model {fh92) and MODIS AOT at 550nm and L1.5 Aeranct AQT at 500nm over
+ S 1zan (28.33°N, 15 5°W). Modal: 00UT, 1-30 Jun 2091, T+3 o T+24.
. + 3 HDDIS ADT TemiFG QT <t tn # Back Caven
MQDIS total AOD B NGAC dust AOD
. . _i Total AOD NRT MACC
AN Dust AOD
o /\\ Suifate AOD

Fl s e s s e

We thank Philippe Goloub for the efforts in
establishing and maintaining Izana site.

Coutersy of Luke Jones of ECMWF

E-ECMWE

e
FC-OBS Bias. Model (salu} AOT at 550nm against L1,5 Aeronet AOT at 500nm,
Mean=-0,175. Period=00Z-00Z 01-30 Jul 2010. FC start hrs=0. FCRS=T+6->24 by 6.

e 3l
&% Itis challenging to evalute
&2 dust-only NGAC over the areas
338
$is  affected by other aerosol
Y species
Comparison of model {saiu} and MODIS ACT at550nm and 1,1.5 Aeronet AQT at 5000m over
Key_Biscayne (25.73°N, 80.16" W), Model: GOUT, 1-30 Jul 2010, T+b fo T+24
- LTS ACT Tetus I'C AQT
i5 - This site is influenced by sulfate,
s . OC, and dust aerosols
25 1parison of moda! {h92) and MODIS AOT al 550am and L1 5 Aeronet AOT at 500nm over
Key_Biscayne (26.72°N, 80.16*W). Madel: 00UT, 1-30 Jun 2011, T43 1o T+24,
. WEODIG AT Yot FOAQT Teedligac tire: Back Caman
2
. Total AOD
. NRT MACC
. . Dust AOD ;
! - Sulfate AOD
. - OCAOD, )

We thank Kenneth Voss for the efforts in
establishing and maintaining Key Biscayne site.

Coutersy of Luke Jones of ECMWF

S ECMWF
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NRT Dust Forecasting

Experimental (non-operational)

e EMC parallel on NCEP’s CCS (dev)

< Executable compiled from NEMS
code repositery

e 120-hr dust-only forecast once
per day (00Z)

* |ICs: Aerosols from previous day
forecast and metecrology from
operational GDAS

e 3-hourly products: 3d distribution
of dust aerosols {5 bins from
0.1-10 um)

15
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o B R

(513

Q.05 0.

*  Automatic output archive, post-processing and web update since June 11, 2011

= Same physics and dynamics as operational GFS with the following exceptions:

— Lower resolution (T126 L64)

- Use RAS with convective transport and tracer scavenging

— Turn off aerosol-radiation feedback
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Web page for NRT NGAC dust forecasts

PR o
L st e O b2t € i niitn 1 togn €5 Ot 1 Recghs O thancrzms 2 Yot Fage 52 poricad ORI EN O

= NEMS GFS Aefosol._C.o'n_iponent LS

Experimental (Non-Operational) Dust Forecasts

Modsing desicn
[=3¥)

Seledt Aerorok

2011061700 24hr Feat cirl Columa AOD at 550am

T o

et
TIZGNGACVer " x] | e
Selést Varible:

Fhow S0MAADD 21,1

Seleet Modsifayer.
Sutaceloyer

e Mo By
he iJM} he J ‘_7 b
ea |

BAQFC  EMC
NCEP NOAA
WRL ERA

Send Commnents

Aman] Bt | s | Gy rtor i | 55 piocach ot 0 [P Gobal Amnain s [ T SR

http://www.emc.ncep.noaa.gov/gmb/sarah/NGAC/htmi/realtime.fest.htmi
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NRT NGAC dust forecasts (regional)
2011081400 Q0hr Fest prz Column AOD at 550nm

e e voo

G couspate 2011080800 Q0hr Fest prz Column AOD at 550nm

-
T T . T R T T T
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International Cooperative for Aerosol Prediction
(ICAP)

Dust AOD for 24-hr forecast valid 2011-07-21 00Z

Wednvutny 20juig 7011 POUTE.
Trwrsday 31 fuly 1011 OOUTC Vat

= figAc (NCEP) WACC (ECMWE)

Modeled dust AOD, 120-hr forecast, initialized from 2011-07-20 00Z

GEDIANT IR A et BRI oo e Ay o ARt o Barriy

iy Dakar P Cape s Barbados i

224 3 o 3 0]

A L I S Verde 16N, 13N, 59w || !
e P e 7 _ 10 £
NGAC I weac " i ‘
Fo P b . NGAC
S ot \ R \ fi :

O e e T T | i s . e o é

PN Syt LR X P e T e S B

ey 2, y iy » ns K s D e T i ':’A.
Courtesy of Walter Sessions (NRL} 13
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— Use NCEP unified post for post-processing

— Set up aerosol verification system
° Satellite: MODIS AOD, CALIPSO backscatter

e Ground-based: AERONET AOD, backscatter from lidar
network (MPLNET, EARLINET, SKYNET)

— Refine and optimize the NGAC (revisit removal,
emission..etc)

— Code delivery to NCO by Dec 2011
— Operational implementation targeted for Mar 2012

20
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Beyond Dust forecasting

21

Aerosol Lateral Boundary Conditions:
Trans-Atfantic dust transport

inline GF3-GOCART (prz) PM2.5 Dust m*) LBC
at IB(E 0)7/25/2010 (g/=)

w Verification with AIRNOW surface PM

ja0004 observations shows great enhancement
11000 2 . .
10000 : using dynamic LBCs from GOCART
g
2 Hodel Predictions Compared to AIRNOW PM2.5
§= over 'Miami Fire Station #5 'FL Lat=25.795 Lon= ~80.216
= O Observed
L # CMAQ base run
0 CMAQ with offline GOCART
» ’ B CMAQ with inline GOCART

s ey et .
90 180 270 380 450 540 830 Y20 510 900 99010801 1701260135 5

CMAQ Model Boundary Periphery (grid) n D
ol
= 15
2 |eft panel: Dust influx at CMAQ boundaries &
from NGAC simulations
s Right panel: Baseline CMAQ simulation with
static LBCs versus experimental CMAQ o 'ila T o PN TR T TY W6
simulations with dynamic LBCs from NGAC and TIME (UTC)

off-line GFS-GOCART
Youhua Tang and Ho-Chun Huang (EMC AQ team)

22
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Grimsvotn eruption (21 May 2011)
Left panel: Ash forecast from London VAAC

Right panel: NGAC ash forecast at level 32 (correspodngiglog] }&QFQI]ZBOO/FLBSO [green dash] on the
U

»NHMW{

B

ALONFLE] du2 2011052306

el

L2

VA ADVISORY SUMMIT ELEV: 1725
DTG 20110522r18002 ABDVISORY NR: 2011/608

VAAC; LLONDOH [NFO SQURCE: ICELANTIC NET OFFICE
VOLCANO: GRIMSVOTN 4703- AVIATION COLOUR CODE: UNKNOWN
bzl ERUPTION DETAILS: GRIMSVOTN ERUPTED
PSN: N6A25 WE1720 ARODUND 20110521/1300Z. AT 22108002 PLUNE
AREA: ICELAND HEIGHT HAS DECREASED TO ARCUND 10K# -

G ww wa wa R

NGAC dust module has been modified to forecast volcanic ashes.
Results from the prototype ash system are qualitative, as the focus is on plume transport pattern. 23

o e

Outcomes of the aerosol component

* Prototype system for NEMS-CHEM

* Enable NCEP to produce global short-range chemical
weather forecasts

* Provide lateral aerosol boundary conditions for regional air
quality forecast system

* Create aerosol information needed for atmospheric
correction in satellite retrievals

* Provide a first step toward an aerosol data assimilation
capability at NCEP

* Allow NCEP to explore aerosol-chemistry-climate
interaction in the climate system

24
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F$%00 ~ Summary & feedback on the visit



Summary 4

The AQ forecasting at NOAA/NCEP is an objective and
systematic system. At present time, Taiwan lacks
objective and systematic AQ forecasting.

For a successful AQ forecasting, it needs a lot of effort
in different areas (model development, emissions, pre-
operational testing, implementation, and verification).
| am glad that | learn from you on this trip for
information of those critical components.

Among those, | feel an objective verification is very
important in air quality forecasting for Taiwan EPA.
Taiwan EPA needs to build verification first.

Taiwan EPA and NOAA should have a collaboration in
future on AQ forecasting, but we need to build a
similar AQ forecasting system in Taiwan.
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