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RAQMS CalNex O3 Assimilation Procedure

Ecosystem/Severity Based
wildfire emissions

NOAA GFS Global Met *

RAQMS Global Met/Chem
—
Profile Assimilation Cycle
MLS O3 Profiles
Modeled 03+TOM .
Qbs Operator

Column Assimilation Cycle

MODIS Rapid Response
‘Wild fire locations

Column increment

OMI cloud cleared O3 column .

Demonstration of:
*Real-time assimilation of Microwave Limb Sounder (MLYS) stratospheric ozone profiles
*Real-time assimilation of Ozone Monitoring Instrument (OMI) total ozone column
*Real-time incorporation of Moderate Resolution Imaging Spectroradiometer (MODIS) fire detection




CalNex-2010 O, sondes — Owen Cooper (NOAA ESRL)

CalNex Ozonesonde

a0

381

341

42

Trinidad Head
Shasta
X

Point Reyes

Point Sur

RAQMS NO ASSIM

Is low biased up to
30% of Ozonesonde

100 i 100 1
[
i
1
__RAQMS RAQMS
1 = - - = JONS
E - -SONDE E
1 5 100 S 100
& L2r)
18 D ..
[ul ” - (all e |
— - - |
[
7 1000 - R 1000 ¢ i
] 10 100 1000 10000 ] 20 40 &0 &0 100
] Mean (ppbv) YVariance (%)
el CalNex IONS May-June, 2010 RAGQMS NO ASSIM/Sonde O3
] (178 sondes)
100 1 100 j
e __RACQMS
= =
£ E
S 100 S 100
=] Lo ]
> o
o ' —RACMS 5
[
[
[
1000 - I k| 10001 1
-100 -50 ] S0 100 ] a0 100 150

Mean Bias (%)

%% BMS Error (mean bias removed)



CalNex-2010 O, sondes — Owen Cooper (NOAA ESRL)

CalNex Ozonesonde
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Comparison with NOAA P3 Insitu O3 Measurements
(Primarily LA Basin/Central Valley)

RAQMS (NO ASSIM)/NOAA P3 Insitu O3 (Ryerson) RAQMS/NOAA P3 Insitu O3 {FlyFerson
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Assimilation of MLS+OMI O3 retrievals results in
increased lower-tropospheric O3 (and improved
agreement with airborne insitu O3) over Southern
California -
Insitu O3 from Tom Ryerson, NOAA ESRL




Ecosystem/Severity Based
wildfire emissions

¥

RAQMS Global Met/Aerosol

Modeled aerosol
mass

MODIS Rapid Response
Wild fire locations

NOAA GFS Global Met

Adjusted aerosol mass

Demonstration of:
*Real-time assimilation of MODIS Aerosol Optical Depth (AOD)
*Real-time incorporation of MODIS based biomass burning emissions




Comparison with HSRL Lidar Measurements
(Primarily LA Basin, Chris Hostetler, NASA LaRC)

RAQMS free tropospheric
median aerosol extinction is in

very good agreement with
HSRL

Variability is underestimated,
particularly for lower values of
aerosol extinction

Largest biases are found within
the LA Basin Boundary Layer
(below 1000m) were RAQMS
median extinction is low
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Comparison with NOAA P3 Insitu Aerosol Measurements

(Primarily LA Basin/Central Valley)

RAQMS/NOAA P3 Insitu Dry Extinction (Lack) RAQMS/NOAA P3 Insitu Total AMS (Middlebrook)
(05/14-06/20, 2010, All Available CalNex Flights) (04/30-06/22, 2010, All CalNex Flights)
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Need to better
understand size
range of measured
Insitu dray mass
and Extinction
measurements

*Boundary Layer extinction underestimates arise due to underestimates in
local LA sources and neglect of nitrate aerosol in GOCART module

«Assimilation of MODIS AOD results in overestimates of free
tropospheric aerosol dry mass due to uncertainties in hydroscopic growth




Assessment of Global 850mb O3 and Aerosol
Extinction Forecast Skill

«Anomaly Correlations (AC)
«Correlation between forecast and analysis
*May-June mean removed

Spectrally truncated to wavenumber 20
«Averaged from 20N-80N
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Northern Hemisphere 850mb May-June 2010 Anomaly Correlations (AC)
(No Assimilation)

May-June 2010 850mb NH RAQMS (2x2 NO ASSIM) AC Scores
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«850mb ozone forecasts have useful skill past 3 days (significantly better than water vapor)
«850mb extinction forecasts do not have useful skill at 1 day




Northern Hemisphere 850mb May-June 2010 Anomaly Correlations (AC)
(With MLS/OMI/MODIS Assimilation)

May-June 2010 850mb NH RAQMS (2x2 ASSIM) AC Scores
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«Assimilation of O3 retrievals results in slight improvements in 850mb ozone forecasts
«Assimilation of AOD retrievals results in significant improvement in 850mb extinction

forecasts with useful skill at ~1.5 days




Northern Hemisphere 850mb May-June 2010 Anomaly Correlations (AC)
(No Assimilation)

May-June 2010 B50mb NH RACQMS (2x2 NO ASSIM) AC Scores
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*Only 850mb SO4 extinction forecasts useful skill past 1 day
*Black and organic carbon (BC+OC) and dust extinctions are both poorly initialized and

forecasted




Northern Hemisphere 850mb May-June 2010 Anomaly Correlations (AC)
(With MODIS Assimilation)

May-June 2010 850mb NH RAQMS (2x2 ASSIM) AC Scores
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*MODIS AOD assimilation results in small changes in 850mb SO4 extinction forecasts
*MODIS AOD assimilation results in significant improvements in black and organic
carbon (BC+OC) and dust forecast skill (dust prediction useful at 2 days)




Sacramento CO May-June 2010

RAQMS 1x1 Degree Re-analysis
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Sacramento O3 May-June 2010

RAQMS 1x1 Degree Re-analysis
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Alftude (km)

Sacramento Dust Extinction May-June 2010
RAQMS 1x1 Degree Re-analysis
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HSRL aerosol Scattering Ratio
Saturday, May 22, 2010

Aerosol Scattering Ratio (532nm)
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HSRL data from Chris Hostetler and Rich Ferrare, NASA LaRC



GOES WV 00Z 20100523 (Saturday Afternoon)
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GOES WV 00Z 20100523 (Saturday Afternoon)
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GOES WV 00Z 20100523 (Saturday Afternoon)
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GOES WV 00Z 20100523 (Saturday Afternoon)
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Skm 3—day Lagrangian Averaged Ozone 2010052300

RAQMS RDF 5km O3 forecast 4
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3km 3—day Lagrangian Averaged CO 20710052300
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RAQMS RDF 500m Dust forecast
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NAM-CMAQ CalNex Experimental Runs

» Fixed Lateral Boundary Conditions
« RAQMS Lateral Boundary Conditions
* FIXED LBC 00Z May 23, 2010

ARNOW 4 CMAD Surfoce O3 {BASEL\NE) FIXED LBC valid 00z May23, 2010




NAM-CMAQ CalNex Experimental Runs
» Fixed Lateral Boundary Conditions

« RAQMS Lateral Boundary Conditions

* RAQMS LBC 00Z May 23, 2010

ARNOW & CMAQ Surface 03 {BASELINE) RAQMS LBC valid 00z May23, 2010

Inter-mountain West

Central Valley \

Southern California \




NAM-CMAQ verses AIRNOW May 22-June 30, 2010
Southern California (33N-35N 121W-114W)
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RAQMS LBC increases Southern California surface ozone and reduces bias



NAM-CMAQ verses AIRNOW May 22-June 30, 2010
Central Valley (35N-39N 124W-118W)
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RAQMS LBC increases Central Valley surface ozone and increases bias



NAM-CMAQ verses AIRNOW May 22-June 30, 2010
Inter-mountain West (35N-45N 115W-105W)

FIXED LBC RAQMS LBC
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RAQMS LBC increases Inter-mountain surface ozone and increases bias



CalNex Ozonesonde

CalNex-2010 O, sondes — Owen Cooper (NOAA ESRL)
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CalNex-2010 O, sondes — Owen Cooper (NOAA ESRL)

CalNex Ozonesonde NAM CMAQ RAQMS LBC
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Sacramento O3 May-June 2010
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Sacramento O3 May 22 -June 22 2010
NAM-CMAQ with RAQMS LBC

CMAQ (RAQMS LBEC) O8 [ppbv] Sacromento May 22-June 30 2010
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Sacramento O3 May 22 -June 22 2010
NAM-CMAQ with FIXED LBC
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Summary:

Assimilation of global satellite ozone retrievals results in improved agreement with
CalNex P3 airborne and ozonesonde ozone measurements and slight improvements in
large-scale ozone forecasts

Assimilation of global aerosol retrievals results in improved agreement with CalNex
HSRL airborne aerosol extinction measurements and significant improvements in
large-scale dust forecasts

« Leads to overestimates of insitu aerosol dry mass and extinction
* Need to understand the contribution from large aerosols to ambient extinction

Use of real-time RAQMS LBC within experimental CB5 NAM-CMAQ leads to
iImproved agreement with UTLS ozonesonde measurements and improved
representation of free tropospheric variance but leads to overestimates in surface
0zone over the inter-mountain west

» Need to increase the vertical resolution of NAM-CMAQ in the UTLS

Forecasting exceedances under the proposed ozone National Ambient Air Quality
Standards (NAAQS) will require improved treatment of free tropospheric ozone
within regional AQ forecasting and assessment systems



