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Background

NWS National Air Quality Forecasting Capability (NAQFC) provides operational predictions* of
ozone and wildfire smoke nationwide and operational predictions of airborne dust over the

contiguous 48 states.

* Improving the basis for air
quality alerts

e  Providing air quality
Information for people at
risk

QEATHe

N7 Operational AQ forecast guidance gy

A N
......

airquality.weather.gov

Ozone products
Nationwide since 2010

AR
1Hr Avg Ozone Concentration(PPB) Ending Thu Sep 20 2007 12PM EDT
@ CThu Sep 20 2007 162)
V National Digital Guidance Database S,
06z model run  Graphic created-Sep 20 7:23AM EOT

Smoke Products
Nationwide since 2010

Dust Products
Implemented in 2012

gm
i35
=

e oistat g e
Further information: www.nws.noaa.gov/ost/air_quality
18

*Using the US EPA Community Multi-scale Air Quality (CMAQ) model for ozone and the NOAA
Hybrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT) for smoke and dust

From lvanka Stajner (NAQFC NWS Manager) AMS Annual Meeting, Atlanta, GA, February 5, 2014



Background (continued)

The NOAA Environmental Modeling System (NEMS) Global Forecast System (GFS) Aerosol
Component (NGAC) currently provides operational dust forecasts* globally. Dust forecasts will
be expanded to include sulfate, black and organic carbon, and sea salt during Q2FY 15 [Sara Lu,
personnel communication]

000—hr AOD fcst; Imtialized from 007 2014-02-25

» Allows aerosol impacts on
medium range weather
forecasts (GFS/GSI) to be
considered

* Provides a first step toward an
operational aerosol data
assimilation capability at
NOAA

* Provides lateral aerosol
boundary conditions for
regional aerosol forecast
system
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*Using the Goddard Chemistry Aerosol Radiation and Transport Model (GOCART) [Chin et
al., 2002] for aerosol predictions.

http://www.emc.ncep.noaa.gov/gmb/sarah/NGAC/html/realtime.ngac.html



Focus of this presentation

¢ Advances in real-time trace gas and aerosol assimilation
within the Real-time Air Quality Modeling System
(RAQMS)

¢ Collaborative NESDIS/NWS/ESRL real-time nested
global/regional air quality forecasting

¢ A path forward towards operational real-time trace gas and
aerosol assimilation/forecasting



Satellite Retrievals Global Assimilation Regional Prediction Validation

BHealtime Air Quality Medeling System

Online global chemical and aerosol assimilation/forecasting system

1) UW-Madison sigma-theta hybrid coordinate model (UW-Hybrid) dynamical core
2) Unified stratosphere/troposphere chemical prediction scheme (LaRC-Combo) developed at

NASA LaRC
3) Aerosol prediction scheme (GOCART) developed by Mian Chin (NASA GSFC).
4) Statistical Digital Filter assimilation system developed by James Stobie (NASA/GFSC)

Real-time assimilation:
*Microwave Limb Sounder (MLS) stratospheric ozone profiles (above 50mb)
*Ozone Monitoring Instrument (OMI) total ozone column (cloud cleared)
*Moderate Resolution Imaging Spectroradiometer (MODIS) Aerosol Optical Depth (AOD)

Real-time fire detection:

» Moderate Resolution Imaging Spectroradiometer (MODIS)

RAQMS has been used to develop capabilities to assimilate global satellite
composition measurements and support airborne field missions

http://ragms-ops.ssec.wisc.edu/
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NOAA and the California Air Resources Board (CARB) conducted CalNex during (May-
June 2010) to investigate the interactions between air quality and climate change issues.

http://www.esrl.noaa.gov/csd/calnex/
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Comparison with NOAA P3 Insitu O3 Measurements
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Evaluation of Real-time AQ Model Forecasts during CalNex
Lead by Stu McKeen (NOAA/ESRL)

Regional Air Quality Forecast models:

Georg Grell, Steven Peckham (NOAA/ESRL/GSD) -WRF/Chem

Wanmin Gong, Sylvain Ménard, Hugo Landry (Environment Canada) - GEM-MACH

Youhua Tang and Jeff McQueen (NOAA/NWS) - CMAQ/NAM (CB-05 - experimental in 2010)
John McHenry and Don Olerud (Baron AMS) - BAMS

Real-time Forecast Model Results, Collected and Stored at NOAA/ESRL/CSD,
During the Summer of 2010
http://www.esrl.noaa.gov/csd/modeleval/

Model: Emission Inventory:
GEM-MACII-15km  Canadian National Inv.

National 2005 inv.,
CMAQ/NAM 12km grown to 2010
CMAQ/NAM with RAQMS-LBC
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NEI-05 basc
BAMS - 45km MAQSIP o\ i~pr product
BAMS - 45km CMAQ

NEI-05
WRF/CHEM 20km NOAA/ESRL/CSD
Real-time: RADM2/SORG 2006 CEMS
Real-time: RADM2/SORG with RAQMS-LBC
e GEM-MACH 15km Retrospective: Simple GOCART
=== CMAQ/NAM 12km === WRF/Chem 20km with/without data assimilation
e BAMS 15km ww e BAMS 45km

From Stu McKeen (NOAA/ESRL) AGU Annual Meeting, San Francisco CA, December, 2010
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From Stu McKeen (NOAA/ESRL) AGU Annual Meeting, San Francisco CA, December, 2010
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From Stu McKeen (NOAA/ESRL) AGU Annual Meeting, San Francisco CA, December, 2010



Real-time CMAQ/NAM 0-1.5km Ozone Forecast
227 July 15, 2010
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Domain Av= 56.019 ppbv

Higher free tropospheric ozone leads to increased surface ozone
http://www.esrl.noaa.gov/csd/modeleval/

Domain Av= 51.999 ppbv



Median Model to Observed Ratio
max 8-hr average O, , 5/19/10 - 7/15/10
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Main impact of boundary conditions is further east

Increased surface ozone leads to model high bias along CA/NV boarder

From Stu McKeen (NOAA/ESRL) AGU Annual Meeting, San Francisco CA, December, 2010



Retrospective 4km WRF-CHEM CalNex forecasts
(RAQMS 1x1 MLS+OMI ozone analyses)
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WRF-CHEM does resolve sharp
gradient in ozone at tropopause
resulting in very small (<10%) biases
in free tropospheric ozone
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(RR-Chem) air quality forecasts
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Real-time RAQMS/Rapid Refresh with
Chemistry (RR-Chem) air quality forecasts

o e

Lol
i
3
L B B
FIA e A Ay L ke
5 B N i
[, s
St L B
t
o
H ||_| _ T T T T T T T T T T T T
™
o
= b
— .../ﬁ
or - 1 en 2
(8] ™ ¥ bl g i iy R
el .~ . o \‘\\u\\.\”. .
9 - a T o
= - . MEQ:\&\\\ILE”.. J
L E 4 gt
o Tt " LTI
o = 03 ¢n - . A L 8
< NS n P ™ e .
— o e b
oL R MH....- e ok
ol b= P PN
| ™ _— g ==En
@l Te w.*m- T Frieaeas i
w dow e 0477,.”!:“
. S - g
St 7 R o - Eo i
O. = S Mzuzfurft.l.\l\
| Nm _ u.upt.p.#*ﬁ 1 A
| x 4
o] > :
5 | ¢ —
A_.. S - g
I i Qe HA
Q >4 m @ .ﬁunu..-.?u | A
Z= o o Bl ] %0_ IR
Z5 1o . Tl i
H.esong W PR
| D adm.e ¥|H“*| P ek B e
<C o Do =W e L L
[ = IR ={L] I *.‘ N T
S Tl
m =0 L o »* = e I I M
or2 nMcw B T R P
o | @ g lllod i % £ N
=l aXOon TRt TRrre. CJIZITT
(%] .....Iﬂl*l - 1 S
(@) L ...w...-ruﬁl oy ¥ w..mux, TR x=
- : = - ar T 2
o N St ST TTTITON
%) o o TEk s < ¢ LAY
M = . P R B0 g i
= Q&ll_r 1 ”\* Ab e O
SOyl g b v d g ya e T
w [=] o (=] ] o (=] L]
4" (=] o w = o

(aqdd) suozp
l BAJIELSS s1Eap0N poo

(Bay ay-g) suozQ Joj sauobalen xapu| AjjenD Ay

<1245

In collaboration with Georg Grell and Steven Peckham (NOAA/ESRL/GSD)



RAQMS/RR-Chem
500mb O3 Forecast
127 March 05 —
127 March 07, 2014

http://ruc.noaa.gov/wrf/ WG11 RT/



A path forward towards NOAA operational global/regional
real-time trace gas and aerosol assimilation/forecasting

A RAQMS/GSI chemical and aerosol re-analysis will be conducted using measurements from the NASA
Aura, Aqua, and Terra satellites analysis system (under support from the NASA Aura Science Team)

This Aura analysis can serve as a “proof of concept” for future global operational trace gas and aerosol data
assimilation/forecasting at NOAA (following EU GEMS/MACC path)

CCECMWF

macc Global/regional system

eterog
chemistry and -
optical properties

The global system is based on the ECMWF Integrated Forecasting System (IFS),
coupled to a global chemical transport model (CTM: MOZART, TM5 or MOCAGE)

Regional ensemble comprises seven Chemical Transport Models run on a
common European domain

Thursday 6 March 2014 00UTC MACC-TMS Forecast t+006 VT: Thursday 6 March 2014 06UTC
850 mb Ozone [ ppbv ]
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MACC 850mb Ozone Forecast

http://www.copernicus-atmosphere.eu/services/agac/



A path forward towards NOAA operational global/regional
real-time trace gas and aerosol assimilation/forecasting

RAQMS ozone (03), carbon monoxide (CO),
methane (CH4), and nitrous oxide (N2O) production
and loss rates will be archived during the Aura
Reanalysis project

Climatological monthly mean diurnally resolved
production and loss rates can be used to improve
global trace gas predictions within the National Center
for Environmental Prediction (NCEP) Global Forecast
System (GFS).

100

Experimental GDAS surface ozone July 2011




RAQMS ozone (03), carbon monoxide (CO),
methane (CH4), and nitrous oxide (N2O) production
and loss rates will be archived during the Aura

A path forward towards NOAA operational global/regional
real-time trace gas and aerosol assimilation/forecasting

Reanalysis project

Climatological monthly mean diurnally resolved
production and loss rates can be used to improve
global trace gas predictions within the National Center
for Environmental Prediction (NCEP) Global Forecast

System (GFS).
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Full cycling experiments show that addition of diurnally
resolved monthly mean tropospheric ozone production
and loss rates does not adversely effect the GFS forecast
skill and improves prediction of tropospheric ozone



Conclusion

Assimilation of trace gas and aerosol retrievals within the Global Data Analysis System (GDAS)
can provide improved constraints on NAQFC lateral boundary conditions and can also improve
the fidelity of radiance assimilation for aerosol and ozone sensitive channels.

Radiative influences of Trace Gases
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Figure provided by Tim Schmit, NESDIS/STAR




Extra Slides



TEMPO/GOES-R Synergies

‘ Tropospheric Emissions:
I | Nasa Monitoring of Pollution

Pl: Kelly Chance
(Smithsonian Astrophysical
Observatory)

O TEMPO is NASA's first Earth Venture
Instrument award under the agency's Earth
System Science Pathfinder program.

0 TEMPO spectroscopic measurements in the
ultraviolet and visible provide a tropospheric
measurement suite that includes the key
elements of tropospheric air pollution
chemistry

O TEMPO will be launched on a commercial
satellite as a hosted payload with a target
launch in 2019

0 TEMPO will be a component of a global GEO
constellation for pollution monitoring along
with Europe (Sentinel-4) and Asia
(Geostationary Environment Monitoring
Spectrometer)
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KEY INSTRUMENT CHARACTERISTICS
T — — INSTRUMENT COMPLEMENT

Field of Regard Mexico City to Canada tar sands & Atlantic o Pacific TEMPO moves high heritage LEO hardware to GEO following
a low-risk build philosophy. The high design maturity of the
TEMPO spectrometer is leveraged from LEO-proven heritage
from GOME, SCIAMACHY, OMI, and OMPS, as well as from
GEO studies and risk reduction activiites. This, coupled with
substantial performance margins, results in a low-risk,
Achieved by spectrometer design compact configuration ideally matched to deliver a high
value science product.

Imaging Time 1250 scan positions with 2.8 sec integration

{0 km Native pixel achieved by 44 cm
Footprint E/W 4.5 km telescope effective focal length

Spectral Range 280-690 nm 1,024 spectral channels matched to 2k focal plane

Spectral Resolution 0.6 nm

Spectral Sampling 0.2 nm

Heritage-based grating spectrometer efficiently achieves the
requirements derived directly from the Science Traceability Matrix.
Requirements TEMPO
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: flexibility to selection of a host platform.

Substantial margins for predicted signal-to-noise
ratios are the foundation for a low-risk program.




	Advances in Real-time Assimilation of Satellite Trace Gas and Aerosol Retrievals for Air Quality Forecasting����R. Bradley Pierce�NOAA/NESDIS/STAR��� �
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23

