Past California AHQuahty
Observations by HSRL



NASA Langley Airborne HSRL Aerosol Backscatter Profiles Acquired
on February 15, 2007 During Flight over San Joaquan Valley (SJV)

» Airborne HSRL aerosol backscatter measurements Feb. 15, 2007
» Highest AOT and PBL heights between Bakersfield and Fresno
» Low aerosol backscatter, extinction, AOT and PBL height in Sacramento region
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NASA Langley Airborne HSRL Aerosol Backscatter Profiles Acquired
on February 15, 2007 During Flight over San Joaquan Valley (SJV)
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NASA Langley Airborne HSRL Aerosol Backscatter Profiles Acquired
on February 15, 2007 During Flight over San Joaquan Valley (SJV)
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NASA Langley Airborne HSRL Aerosol Optical Thickness (AOT)
Acquired on Several Flights During February 2007 over SJV

Highest AOT in SJV region; little AOT observed over or near Sacramento

NASA Langley B200 HSRL SJV Feb. 14, 2007
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B200/HSRL Deployment during DOE CARES Mission June 2010 N(Mﬁ

* Sacramento, California

*June 3-28
* 23 science flights (~68 hours)
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B200/HSRL Deployment during DOE CARES Mission June 2010

* Sacramento, California

*June 3-28
* 23 science flights (~68 hours)
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High PM2.5 Concentrations

High PM, ; Concentrations: 2004-2006 Exceedances

Concentration (ug/m3)
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From Al-Saadi et al. AMS Meeting Presentation 2008
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Box Plots Showing Monthly PM2.5 Concentrations for Selected

Regions of Interest
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Box Plots Showing Monthly PM2.5 Concentrations for Selected
Regions of Interest

Susrgace PM2.5 concentration from NASA/GSFC Giovanni cnline online data system system
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Monthly Median PM2.5 Concentrations for
Selected Regions of Interest

* Monthy median PM2.5 levels for locations of interest (7/2002-4/2010)
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Box Plots Showing Monthly PM2.5 Concentrations During
January-March for Selected Regions of Interest

« January-March PM2.5 levels for locations of interest (7/2002-4/2010)
« SJV has hlghest medlan values, followed by SLC
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PM2.5 Concentrations Over California During January-February 2007
March for Selected Regions of Interest

» SJV region has highest values
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Box Plots Showing Monthly PM2.5 Concentrations During June-August
for Selected Regions of Interest

« June- August PM2.5 levels for locations of interest (7/2002-4/2010)
* LA has highest median values, followed by DC, PIT, ATL
. _ ha relaivel low values
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PM2.5 Concentrations Over California and Eastern U.S. During June-
August 2007 for Selected Regions of Interest

« June- August PM2.5 levels for locations of interest (7/2002-4/2010)
* LA has highest median values, followed by DC, PIT, ATL
« HOU has relatively low values
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B200/HSRL Deployment over Los Angeles during NOAA CALNEX

Miss

ion May 2010

e Ontario, California
* May 13-25
* 8 science flights (~29.5 hours)

e 2 with NOAA P3
e 6 with MODIS and/or MISR

6 with CIRPAS Twin Otter

Aircraft and HSRL spatially and temporally coordinated flights

Aircraft and HORL flew partially coordinated flights

Aircraft and HSRL flew UNCOORDINATED flights

B200 Transit flight
Aircraft aperations unknown
mmcraﬁ did not fly CalNex science flight
Date  |HSRLFlight Number| HSLR Data Filename | CIRPAS Twin Otter’ NOAAP-3* Satellite underflight?
05/12/10 R-220b 20100512 (2
05/13/10 R-221 20100513 L1
05/14/10
05/16/10 R-223 20100516 L1
05/19/10 R-24 20100519 L1 Agua MODIS
05/20/10 R-225 20100520 L1 Agua MODIS
05/21/10 R-226 20100521 1
05/22/10 R-217 20100522 11
05/24/10 R-228 20100524 L1 Terra, Agua MODIS; MISR
05/25/10 R-229 20100525 11 Agua MODIS
Total Number of Coordinated Flights with NASA HSRL:[ b 2 ]
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HSRL data over Los Angeles during May 19, 2010
CALNEX flight
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HSRL data over Los Angeles during May 19, 2010
CALNEX flight
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HSRL Measurements over Los Angeles - May 19, 2010
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HSRL Measurements over Los Angeles - May 19, 2010

Aerosol Backscatter (532 nm) Aerosol Type
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B200/HSRL Deployment over Houston during NOAA CALNEX Mission N'
May 2010
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B200/HSRL Deployment over Houston during NOAA CALNEX Mission N(ASA
May 2010 e

TexAQS II/GoMACCS
NOAA-DOE-NASA
Aug 27 — Sep 29

22 science flights,
=900 flight hours
— 7 flights with MNOAA WP-3
& flights with MNOAS Twin Otter
7 flights with CIRPAS Twin Other
2 flights over the RHEB
MNumerous Crverflights of Moody Tower
10 CALIPSO validation flights
4 MISR LM coincidences
14 MODIS coincidences
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Presentation Notes
Need to insert google earth map that shows where boxes are
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Presentation Notes
Make this for California Jan-Feb and  average June-Aug average
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SJV high PM, s concentrations and seasonal variation

U.S. EPA Region 9 Air Quality
PARTICULATE MATTER - PM-2.5
Monthly Variation of 24-hour Exceedances
2004-2006

SAN JOAGZUIN VA
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Matonal PM-2.5 24-hour standard is 35 micrograms per cubic meter.
Based on data in AQS as of 50T



Airborne Aerosol Lidar Measurements for Air Quality Research

Science Questions: San Joaquin Valley, California

HSRL aerosol
backscatter
profiles and PBL
height

= What is the relationship between Aerosal Ssttaing Rt (52nm)
satellite AOT and measured T—
surface PM, =?

= Can satellite measurements be
used to adequately characterize
PM, - spatial
gradients/distributions in SJV?

= What are the effects of PBL height
and vertical aerosol distributions
on the relationship between
column AOD and surface PM, :?
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HSRL data used to:

e define PBL height

e evaluate MODIS research AOT retrievals
e determine AOT above/below PBL
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Airborne Aerosol Lidar Measurements for Air Quality Research

= Normalizing AOT with PBL height (z)
significantly improves correlation with

surface PM, ¢
(r? increases from 0.36 to 0.75)

PM25 vs HSRL ADT/PBL (Al Flights) (ADT_ft<0.15+A0T_total)

R—squared= 0.75
Y= 4.6 +X*117.6
20070215_L1
20070216_L1
b

id 20070216_L2
R 20070217_11

SUultideoe | IVI2 5

Q.2 Q.3

HSRL AOT/PBL(km})

AOT/PBL Height (HSRL)

Very good correlation between MODIS and
HSRL AOT when MODIS retrievals
restricted to large (>132 deq) scattering
angles — reduces dependence of MODIS
AOT on surface reflectance

AOT HSRL vs MODIS (V5_10km_Op, SA>132} 0.5—hr Coin.

E—squared= 0.21
Y= 0.00 +X= 1.01 20070214
20070215

200702186

o
i

ADT HSRL

9.4
AQT MODIS

AOT (MODIS)



Assessment of Model Aerosol Simulations and
Using Aerosol Model Simulations to Interpret HSRL
Measurements
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%/ Airborne HSRL Measurements used to Evaluate
PamﬂclNorthlwest WRE-Chem Model

HSRLMILAGROB200 Time(UT) 12-Mar-2006
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Backscatter measured by airborne HSRL NASA/LaRC B200/HSRL March 12, 2006
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e reveal complexity of mixing and
transport of particulates

used to indirectly evaluate
meteorological predictions

Model can reproduce most aspects of
PBL in vicinity of Mexico City

Model requires smaller vertical grid
spacing to resolve shallow layering
observed by lidar
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Presenter
Presentation Notes
These slides show some measurements and analyses of data acquired by the NASA Langley Research Center airborne High Spectral Resolution Lidar (HSRL).  This slide shows HSRL measurements acquired over and around Mexico City during the Megacity Initiative: Local and Global Research Observations (MILAGRO) experiment in 2006. (The NASA portion of this experiment was Intercontinental Transport and Chemical Evolution Experiment (INTEX-B)). The figure on the right shows the NASA Langley B200 King Air aircraft on which the HSRL was deployed and the “curtain” of aerosol backscatter profiles measured by the HSRL during the flight. The figure on the top left shows the aerosol backscatter profiles measured by the HSRL during the flight; the bottom left figure shows the aerosol backscatter profiles predicted by the Weather Research and Forecast (WRF) model coupled with Chemistry (WRF-Chem) model.  (Model runs were performed by Dr. Jerome Fast – Pacific Northwest National Laboratory). This is a high resolution (3-12 km horizontal resolution) mesoscale model.  Comparison with the HSRL measurements shows the model does well over most of the region, and can resolve most aspects of the Planetary  Boundary Layer (PBL) in the Mexico City region.  However, the model does not do as well at high altitudes where the model vertical resolution is too coarse to capture the fine detail revealed by the HSRL measurements.  The HSRL measurements are being used to evaluate other models (e.g. GOCART, GEOS-5) also.  
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Comparison to WRF-Chem

- In the vicinity ot Mexico City, WRF-CHEM compositions qualitatively agree with aerosol types inferred from

HSRL measurements

= High concentrations of NO; SO4, EC -> urban
= High concentrations of dust (other inorganics, OIN, in the model) -> mix of dust and urban
- Outside of Mexico City, dust and urban pollutants mix together
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\"7/ HSRL/WRF-Chem Aerosol Extinction Comparison

Pacific Northwest

MNATIONAL LABORATORY
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" HSRL/WRF-Chem Aerosol Optical Thickness Comparison

Pacific Northwest

NATIONAL LABORATORY
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Spatial Variability in AOD based on HSRL
observations

CALIPSO Validation flights encountered
substantially higher AODs. Structure
functions (g=1) were performed for each set
of flights as well as for the CALIPSO validation
flights only for AOD > 0.5 (roughly the upper
quartile of data).

Results shown on following slide.

Cumulative Distributions of HSRL AOD observations
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Percent of observations per mission

Planetary Boundary Layer (PBL) Height Retrievals and
from High Spectral Resolution Lidar (HSRL)

Long range transport of aerosols depends on whether aerosols injected above PBL

NASA Langley B200 King Air TexAQS/GoMACCS September 26, 2008

1856
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Sept. 26, 2006 (GOMACCS)
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Pure Dusty Polluted Fresh
Ice Dust Mix Maritime Maritime Urban Smoke Smoke
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DOE SGP Raman Lidar PBL Height Retrieval

 Raman lidar data used to determine PBL height and aerosol and water vapor distributions
June 12, 2001 June 12, 2001
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DOE SGP Raman Lidar PBL Height Retrieval

- St WIELHTUU * Amount ot AO | within PE
- varies with time of day

- does not vary significantly with
season or AOT

(Heffter, 1980)
« Raman Lidar - Aerosol backscatter, water
vapor via Haar wavelet — (Brooks, 2003)

- Best agreement during afternoon, early « Significant fraction of AOT (>25%) is
evening above PBL
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NASA Langley HSRL/B200 24-Jun-2007
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See 1998-2010 files in G:\carl\seasonal images\nobe\05072010\avg_aot_Summer_1998-2010_nobe_3.gif
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FISRL Measurements used to evaluate satellite retrievals of
aerosol optical depth — August 4, 2007

| mmaeonovews s AOT Over land:

o  Terra and Aqua MODIS, HSRL, and
AERONET agree
AOT over water:
» Terra MODIS , PARASOL, and HSRL
agree
e Aqua MODIS AOT about 0.2 (33%)

‘Llow l

iAqua MODIS
Aug 4 2007 |

’ Z Land >» €&—— Water =—>
ﬁ HSRL AOT
_a 192 MODIS Terra
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g 1.0 i PARASOL Ocean
N EY: ,1‘?; 4 X }m CATZ AERONET
% 39N ';:' ; E 0-6 e #f% Wﬁ%
DR
3TN E gg . ‘g
£ — ' )
N BW TTW OTEW T5W 74 W E 17 18 lg 20
Longtude HSRL Time UTC (hr)



Presenter
Presentation Notes
Overland:  AERONET, MODIS (Aqua and Terra), PARASOL, and Airborne HSRL all agree nicely!!

Over water: MODIS Aqua has a problem.

MODIS over water measures AOT at 7 wavelengths.  PARASOL at ~650? and ~870?, we use their wavelength dependence to extrapolate to 532 nm.

Using MODIS collection 5.

Lorraine first thought this was a scattering angle issue.  However, we have looked at a variety of scattering angles with HSRL and seem to have the same problem.  

Jens may complain about graph on bottom right:  not all points are independent.  Used 25-km radius circle around each lidar profile to get MODIS values to average for the comparison.  Not each of the blue points is independent (MODIS has 10 km resolution).   
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Altitude, KM ASL

Altitude, KM ASL

Characterizing aerosol optical properties/type

Providing vertical context for G-1 in situ measurements
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Fine Particulate Matter - PM2.5 [ug/ma3)
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For sacramento, use 39, -122  to 38, -120.5

For LA, use 34.5, -119 to 33.5, -117
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For sacramento, use 39, -122  to 38, -120.5
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Fine Particulate Matter - PM2.5 [ug/ma3)

20

Area-Averaged Time Series (AIRNOW_PM.0O01)
(Region: 122W-120W, 38N-39N)

2004 2005 2008 2008 2009 2010

— Spatial
Cursor Coordinates:  0.00000, 0.00000
Area of Interest: West (i gﬂum e Update Map

— Temporal

Begin Date  Year 2002 v| Month[Ji | Day {Date Bagin: 01 Jsn 2000)
End Date Yeﬂr Month Day (Date End: 29 Jun 2010)
The date ranges for the various Aerosol Parameters wil depend on their sources (e.g Measurement or lodel). These date ranges can be found next to the Data Product type in the grey blocks above
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Presentation Notes
Acknowledging the use of Giovanni is very important to us, and to NASA.
We request that the Goddard Earth Sciences Data and Information Services Center (GES DISC) be specifically and clearly acknowledged if Giovanni (or data downloaded from Giovanni) is used for data analyses and visualizations in publications, posters, oral presentations, reports, Web pages, and other types of scientific media.  If assistance from GES DISC staff members is obtained which contributes substantially to scientific content, co-authorship is appropriate.
Cut-and-paste the following general Giovanni acknowledgment statement into any of the forms of scientific communication listed above:
“Analyses and visualizations used in this [study/paper/presentation] were produced with the Giovanni online data system, developed and maintained by the NASA GES DISC." 
Meeting presentations: If Giovanni data visualizations are utilized in public presentations (particularly scientific meeting presentations), we would like to know. Such information is very important as justification for continued Giovanni funding and development!   We would greatly appreciate a short email message providing the title of the presentation, the abstract (if available), and the meeting where it was presented.   Please send this message to giovanni-disc@listserv.gsfc.nasa.gov.
General Giovanni Reference:
The following publication in Eos, Transactions of the American Geophysical Union, can be used as a general reference to Giovanni in published works:�J. G. Acker and G. Leptoukh, “Online Analysis Enhances Use of NASA Earth Science Data”, Eos, Trans. AGU, Vol. 88, No. 2 (9 January 2007), pages 14 and 17.
Suggestions
Acknowledging the Use of Data in Giovanni �Both Giovanni and the mission or activity which provided the data should be acknowledged.  Giovanni instances provide information about the mission or activity which produced the data.  If further guidance is required, contact the GES DISC Help Desk, or contact the data source directly.
As an example, if data from MODIS was utilized, a statement such as the following can be used in addition to the general usage statement above:
"We also acknowledge the MODIS mission scientists and associated NASA personnel for the production of the data used in this research effort."
If multiple sources of data are utilized, a general statement may be appropriate, such as:
"We acknowledge the mission scientists and Principal Investigators who provided the data used in this research effort."
Co-authorship guidelines:�Data in the Giovanni system is acquired from many different missions and activities (such as modeling). Extensive use of the data may require consultation with mission scientists and consideration of co-authorship for these scientists. Responsibility for granting co-authorship and providing acknowledgement in published research publications and other forms of scientific communication ultimately resides with the primary author.  
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Area-Averaged Time Series (AIRNOW_PM.0O01)
(Region: 118W-117W, 33N-24N)
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— Spatial
Cursor Coordinates: -115.42553, 32.22180
Area of Interest: West: E South:|22.5 East. Update Map
— Temporal
Begin Date  Year Month Day (Date Begin: 01 Jan 2000)
End Date Year Month Day (Date End: 29 Jun 2010)
The date ranges for the various Aerezel Parameters will depend on their sources (e.g Measurement or Medel). Theze date ranges can be found next to the Data Product type in the grey blocks above.
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Area-Averaged Time Series (AIRNOW_PM.0O01)
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Area of Interest: West: South: | 35,25 East: Update Map
— Temporal
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The date ranges for the various Asrosol Parameters will depend on their 2ources (e.g Measzurement or Model). These date ranges can be found next to the Data Product type in the grey blocks above.
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