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1.  Introduction" 4.  Motivation"
a.   Why the Central Valley?"
!
Each year the American Lung Association identifies the 10 most polluted 
cities year-round for O3 and particulates:!

"
"
"
"
"
"
"
"
"
"
"
"

b.  Why provide Ground Truth for satellite 
aerosol products? ""

3.  What are the Key Science Questions?"
Ø How do column aerosol properties (satellite/ground/aircraft) 

correlate to in-situ PM2.5 or PM10 measurements?!
Ø How do column aerosol properties compare to particulate forecasts, 

e.g. NOAA WRF-CHEM?!
Ø How are these correlations influenced by humidity, boundary layer 

height, transport, aerosol origin/type?!
Ø How do assumptions about the ground surface albedo affect satellite 

retrievals of aerosol optical depth?!
 "

On going, high quality surface radiation and aerosol observations are 
necessary for addressing air quality, climate change, and renewable 
energy.  These long-term records give rise to questions that can be 
addressed through regional scale studies.  !
A mobile SURFRAD platform has been built and tested to address 
regional scale research to augment our long-term SURFRAD network.  
The first mobile SURFRAD platform was funded by NOAA GOES-R 
Cal/Val Activities for validating NOAA GOES-R Aerosol and 
Radiation Products.  !
!
!
!
!
!
!
!
!
!
!
As part of these activities the mobile SURFRAD platform was 
deployed during DISCOVER-AQ, Central Valley, CA, Jan-Feb, 2013. !

Deploy mobile SURFRAD platforms at future air quality and 
renewable energy campaigns: !
Ø  NASA Discover-AQ Houston and Denver, 2013 and 2014!
Ø  DOE-NOAA Solar Forecasting Project: San Luis Valley, CO, 2013!
Ø  DOE-NOAA Solar Forecasting Project: Tucson Electric, AZ, 2014 !

2.  What is DISCOVER-AQ?"
"DISCOVER-AQ is a NASA funded 
Air Quality campaign;  PI(s) are 
James Crawford and Ken Pickering.  !
!
Deriving Information of Surface 
Conditions from Column and 
Vertically Resolved Observations 
Relevant to Air Quality through 
aircraft and ground-based 
measurements.!
!

Main message:  SURFRAD AOD ground-truth measures higher AOD in the 
eastern than the western U.S.  Satellite AOD shows the opposite.  Why?"

Main message:  Correlations between PM2.5 and AOD vary widely but are 
worst in the West? Why? (Right Graph Credit:  NOAA STAR IDEA Team)!
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Bondville 1997-2007
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Desert Rock 2001-2007
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Goodwin Creek 1997-2007
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Penn State 1999-2004, 2007
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Table Mountain 1997-2007
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Ø  Aerosol Properties"
Aerosol Optical Depth (AOD)!
Aerosol Absorption (SSA)!
Aerosol Size (Å)!

Ø  Spectral surface albedo"
Ø  Shortwave Radiation!
Ø  Long-wave Radiation!
Ø  Land Surface Temperature!
Ø  Green Vegetation Fraction!
Ø  Normalized Vegetation Index!
!

Courtesy of J. Crawford!

5. Preliminary Results"

6.  Future mobile SURFRAD deployments "

Two pollution events occurred during DISCOVER-AQ: !
Peaking on January 20 and February 3, 2013!

SURFRAD Aerosol Optical Depth (AOD)"

Ø  Pollution events observed in both PM2.5 and SURFRAD AOD !
Ø Qualitative differences between the two events:  !
•  Event 1 has larger particles than Event 2 as indicated by the 

Angstrom Coefficient. Transport for Event 1 was from the south 
likely carrying dust particles.!

•  The aerosol single scattering albedo is larger in Event 2 (likely 
due to higher relative humidity).  !

!

Ø  Satellite retrievals of AOD have difficulty over different Land-types 
(e.g. bright surfaces).  Spectral surface albedo changed during the 
campaign in this agricultural region.!

Ø  SURFRAD data and collocated measurements will be analyzed to 
elucidate the key science questions to improve air quality 
measurements from satellites.!

"
Most Polluted U.S. Cities in 2011:"
 !
1.  Bakersfield-Delano, CA         6. Pittsburgh, PA!
2.  Los Angeles-Riverside, CA   7.  Birmingham, AL!
     Phoenix, AZ !             8.  Cincinnati, OH!
3.  Porterville, CA !             9.  Louisville, KY!
4.  Hanford, CA !            10. Modesto, CA!
5.  Fresno, CA!

""

Spectral Surface Albedo"

678 J. A. Ruiz-Arias et al.: Assessment of the Level-3 MODIS AOD

Fig. 1. (a)Mean AOD over the entire validation period; (b) mean pixel count. White areas are the regions without data.

propagation of the L3 AOD uncertainty into the surface solar
irradiance. The main conclusions are summarized in Sect. 7.

2 Data

Here, we describe both the L3 MODIS and the AERONET
AOD datasets used in the study. Additionally, we offer a brief
description of the collocation approach and some comments
on the spatial distribution of the experimental stations used
from the AERONET network.

2.1 Level-3 MODIS AOD dataset

This validation covers the period since the deployment
of the MODIS instrument aboard Terra satellite (Febru-
ary 2000) to the end of Dec. 2011. The dataset be-
longs to the Collection 5.1 combined land and ocean
L3 MODIS AOD at 550 nm from the Terra satellite
(variable name “Optical Depth Land And Ocean Mean”,
available from ftp://ladsweb.nascom.nasa.gov/allData/51/
MOD08 D3/). The documentation states that the dataset was
derived only from the best quality data (flagged as QA= 3
in the MODIS quality assurance system) for both ocean and
land data. However, we were noticed by one reviewer during
the revision of the manuscript that there is in fact an error in
the documentation. This product was apparently derived in-
cluding also data with QA= 1 and 2 over land and QA= 0, 1
and 2 over ocean. Nonetheless, a noticeable difference in the
results with respect to the use of only QA= 3 data is unlikely.
Overall, the dataset spans 12 yr, totaling data over 4209

days. On average, about 33% of the earth’s surface is tiled
every day with AOD measurements. But if the surface is re-
stricted to only latitudes between 60� S and 60�N (higher
latitudes are typically covered with snow and thus prone to
missing values), the dataset covers about 46% of the sur-

face. Missing tiles are mostly caused by clouds and high re-
flectance surfaces, such as deserts or snow.
Figure 1 shows the mean AOD value and the mean pixel

count at each grid cell over the entire validation period. The
mean AOD over the whole grid is 0.18 and the standard de-
viation is 0.09 (i.e., 50% relative to the mean value). There
exists a large difference between the minimum andmaximum
mean AOD, �0.05 and 2.78, respectively (negative AOD
values are non physical for solar radiation applications, and
therefore are not considered further). Interestingly, 95% of
all the AOD values are smaller than 0.35, due to the gener-
ally low aerosol burden over oceans. The remaining 5% of
all cases, where AOD can be considerably larger than 0.5,
mostly corresponds to land areas over Asia, north or central
Africa, and eastern South America. In Asia, AOD is partic-
ularly high in eastern China (presumably due to industrial
aerosols in large part), the Hymalayas and the Indus river
basin. In Africa, the mean AOD is specially high in the cen-
tral rain-forests and the Gulf of Guinea, due to the seasonal
burning of biomass, and the Sahel area, due to the dust drag
from the desert. Figure 1a shows a deep intrusion of African
aerosol into the central Atlantic Ocean that extends up to
the Caribbean Sea. Seasonally high values of mean AOD are
also found in the Amazonian region, due to biomass burn-
ing. Finally, a hot spot appears over the southwestern USA.
The high AOD values there completely disagree with the
low values of ground truth, as will be discussed in more de-
tails in Sect. 3. The incorrect MODIS retrievals in this re-
gion are likely due to a misrepresentation of the land surface
and/or assumed aerosol properties in the Dark-Target algo-
rithm (Levy et al., 2010).
Figure 1b shows the mean L2 pixel count used in the com-

putation of the L3 AOD values. The mean pixel count over
the entire grid is 24.9. On average, 20% of the L3 AOD val-
ues were calculated using no more than 15 pixel counts, and
90% of them were derived using less than 35 pixel counts. At

Atmos. Chem. Phys., 13, 675–692, 2013 www.atmos-chem-phys.net/13/675/2013/
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Augustine et al., 2009!

Ruiz-Arias et al, 2013!
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235 Hourly Matches − Jan/Feb 2013 − Porterville, CA
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