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Simulation of AIRS Radiance

TYPICAL ONE-DAY 5CAN PATTERN AIRS/AMSU IFOV
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OSSE with AIRS on boarc/

G_13 staring over 75°W AIRS SCAN GEOMETRY

» Altitude: 705 km
* Scan Period: 2.667 s

Direction * Ground Footprints: 90/5¢can

of Flight

NOAA/ Es‘h Timmermans et at., AE 2015
Robert Atlas, NWP, Silver Spring, MD Oct29-Nov1, 1979
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Preliminary AIRS _G13 impacts (00Z runs)

Anomaly Correlation RMS Error Anomaly Correlation RMS Error
Domain Parameter Level Forecast Day Forecast Day Domain Parameter Level Forecast Day Forecast Day
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250/200 hPa BEEEE  BERER 250/200 hPa BEREE
Temperature 500 hPa . . .. .. Temperature 500 hPa . ..
850 hPa 850 hPa B R
Wind 250/200 hPa Wind 250/200 hPa B |
Pac NA 850 hPa BEEEEE BEEREEs- 850 hPa BE BE
2507200 hea IR B | ] 250/200 hPa ]|
Geopotential 500 hPa . ............ Geopotential 500 hPa . ..
oorea [l HEHNNEE EEEEN 700 hPa HEE
1000 hPa EEEEEE B EEER 1000 hPa HEE
2s0/200hpa | HHHEEN ' HEEE 2s0/200hpa .~ Il HEE HEEEE
Temperature 500 hPa . ........... Temperature 500 hPa ....... .. ..
ssora [l HEEEE  BEEE ropics 850 hPa H FEEE NN
Wind 2s0/200hpa [HHEE" HEN EEEE Wind 250/200 hPa . HEEE
NH ssora [ HHNENEEEENENES ssora [l HEHEN HEEEE
250/200 hPa .... prs382hwa significantly better than prs382hna
Geopotential 500 hPa ..............-prs382hwa better than prs382hna, nonsignificant
700 hPa .............. no discernible difference
1000 hPa .. ...... ....-prs382hwa worse than prs382hna, nonsignificant

prs382hwa significantly worse than prs382hna
 Bright Green, Red = statistically significant
e Visual interpretation, erred on side of caution (i.e., calling results
“significant” only if clear without a doubt)
o Separation will be quantitative in a comprehensive scorecard
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ARL leverages AQAST Project: Air Quality Reanalysis

(Translating Research to Services)

+ AQ Assessments

Robichaud and Ménard, ACP 2014 + State
Menard et al., MWR 2000 ¥ 8 ;' .‘ ; ."_ 35 ': f'ln;' BN e | Implementation
7 R SR E ey N SE R ERNNs  ; I Plan Modeling

+ Rapid
deployment of on-
demand rapid-
response

: I , : . ) forecasting; e.g.
Satellite ‘ I R0 B G SRR ’ ’
Products V7 ot P SN NG O N <P et S new fuel type,...,

Global

Assimilatiog

constrained + Health Impacts
assessments

+ Demonstration of
the impact of
observations on AQ
distributions

+ Ingestion of new
AQAST products
into operations

http://acmg.seas.harvard.edu/agast/projects.html
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# Courtesy: Dan Costa
)\ “New Directions in Air Quality Research at the US EPA”

= Public Health Burden of PM, .
(Fann et al., 2011)

Percentage of PM, ; related deaths due _

to 2005 air quality levels by county

Excess mortaliti
ults)A

Percentage of all
deaths due to PM, (B

Impac

ER visits for

_ 110,000
Los Angeles Eastern US asthma (<18 yr)
Acute bronchitis
200,000
(age 8-12)
Il Minerals Bl Elemental Carbon Exacerbation of 2. 500.000
asthma (age 6-18) B
.| Sulfate B Organic Carbon 3
. Ammonium —‘ Unknown A Range reflects use of alternate PM mortality estimates
Nitrat B Population-weighted value using Krewski et al. (2009)
. itrate PM mortality estimates
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K2 WRF_ARW-MCIP-CMAQ.forward-model
WRF-ARW (LCC)

(42 o-P model Layers)

MCIP
42 o-P met. Layers

Projection of

endo-domain intermitten
sources: Obs’d wild fire

and prescribed burns

Saide et al. GRL 2014

Hourly 3-D Gridded

Chemical
Concentration
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O J co (ppb) along the P3 Flight — July-2-2011: AOD_DA case vs. Obs
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(WRFARW  Both North America (12 km) & CONUS (4km)
- Map projection & grid Lambert Conformal & Arakawa C staggering
Vert. co-ordinate 42 o-p unevenly spaced levels ]
advection RK3 (Skamarock and Weisman (2008))
SW & LW radiation RRTMG (lacono et al. 2008))
I —
PBL Physics Mellor-Yamada-Janjic (MYJ) level 2.5 closure
-
Surface layer scheme Monin-Obukhov Similarity with viscous sub-layer
.
Land Surface Model NCEP NOAH
120°W 110°W 100°W 90°W 80°W
Cloud Microphysics Thompson et al. (2008)
- N
Cloud convective mixing Betts-Miller-Janjic Mass adjustment AQ forecast: “12 km nested to 4 km
CMAQ4TL  BothCONUS(2km) &SENEX(4km) T e
1 25000
Map projection & grid Lambert Conformal & Arakawa C staggering 0.9 #
\ert. co-ordinate 42 o-p unevenly spaced levels 0.8 20000
Gas chemistry Cb05 with 156 reactions 0.7
0.6 - 15000
Aerosol chemistry Aero5 with updated evaporation enthalpy 05
Anthropogenic 2008NEI as base year, mobile projected using AQS*, area and 0.4 -~ 10000
emission off-road used CSPR”, point source uses 2012 CEM data 0.3
WRAP oil and gas emissions data 0.2 2000
0.1
Biogenic emission BEIS-3.14 0 0
Lateral BC RAQM (B. Pierce) 1 5 9 13 17 21 25 29 33 37 41

42 vertical layers
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VIIRS/MODIS Aoc-MAQ base v5.0.2:

o (Terra and Aqua)Cb05_aeb)
Prediction Cycle | . 2008 anthropogenic

emission inventory
projected to 2011

NOAA HMS (hazard
mapping system) fire
emission with Bluesky
algorithm

GOES cloud fraction
adjustment provided by U.
of Alabama at Huntsville

00z 06Z 127 147 177 197

T T T T T T * RAQMS lateral boundary

condition every 6 hours.

AIRNOW PM2.5, PM10, Ozone
(applied to below PBL)

13
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~ Optimal Interpolation (Ol)

Ol is a sequential data assimilation method. At each
time step, we solve an analysis problem

X2=X"+BH"(HBH" +0O) (Y — HX)

We assume observations far away (beyond

background error correlation length scale) have no
effect in the analysis

In the current study, the data injection takes place at
17007 daily

Chai et al. JGR 2006
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Base case R=0.53 MB=2.54 R=0.23 MB=-7.14

Hourly Statistic

mosults for CONUS o1l R=0.56 MB=2.36  R=0.24 MB=-2.63
127, 07/06/2011- 012 R=0.58 MB=1.06  R=0.39 MB=-1.33
07/07/2011

oI3 R=0.52 MB=2.08  R=0.36 MB=-1.89

CMAQ Runs Compared to AIrNOW PM2.5 (nsite=740)

Observed
CMAQ bo1se run

:5411."1_ 4JUL SJUL 6JUL 8s8JUL 9JUL 10JUL 11JUL
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TIME 'Z’UTc)
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Lee and Liu, IEPH 2014
Pan et. al., AE 2014
Kim et al., GMD 2015

0.000
unitless

—

GOES-MCIP
INTERFACE MODIFIED MCIP

Cloud transmissivity GOES retrievals replaces MM5 cloud
(calculated from information being passed to CMAQ. Cloud
satellite retrieved fraction, transmissivity, cloud base and top
cloud albedo), cloud heights are passed to CMAQ.

top pressure, and

cloud fraction are

prepared for input to

MCIP

Ground Level
Qzona Formation

PHOT in CMAQ

In subroutine PHOT, clear sky photolysis
rates will be adjusted for cloud cover

based on GOES cloud fraction and cloud - : =
transmissivity information. N

. T ) Pollutants "bake" together in t %
e T direct sunlight forming ozone.

Tong et al. AE 2015

Interpolated in between.
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ARL

Air Resources Laboratory
Conducting research and development in the fields of air quality, atmospheric dispersion, climate, and boundary layer

summary

* NOAA Service: Chemical Re-analyses
Translate Science to Service
Protect life, environment and economy
Benefit NAQFC

« Observation System Simulation Experiment: an AQ prospective
Preliminary test with AIRS on GOES
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ARL

Air Resources Laboratory
Conducting research and development in the fields of air quality, atmospheric dispersion, climate, and boundary layer

Contact:
Pius.Lee@noaa.qoV
http://www.arl.noaa.gov/

Georgia
7th IWAQFR, College Park, MD Sep 1-3, 2015 Tech
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ARL

Air Resources Laborate

Conducting research and development in the fields of air quality, atmospheric dispersion, climate, and boundary layer
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