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Potential Uses of Satellite Data for Air Quality Studies

1. Introduction

This document presents ideas by which satellite data may be incorporated into air quality
studies over the Westn United States. Many specific examples are taken from central
California.The documentconsists ofour sectionsincluding thisntroduction section In the
secondsection we describe its purpose. In ttierd section we present specific examples
where satellite data have been or can be used in central California modeling studies. In the
fourth section weprovidea discussion omnresolveddata analysis anthodeling issues that
maybe applicable to remotsensing studies.

2. BAAQMD purpose

The Bay Area AQuality Management District (BAAQMD) has staift¢he-science air quality
modeling and analysis capabilities. Our group actively applies photochemical air quality models
(CMAQ and CAMX) coupled with prognostic meteorological models (MMS\ERIE) to conduc
policy-relevantsimulations over central Californi@ihe ability to understand how the weather
impacts local to regional air quality thecore research issue for our group.

Modeling is conducted for two main purpos€$) to comply with regulatory redgements and
(2) to forecast high pollution events. For the regulatory requirementsieting results are
used for developing State Implementation R48IR) to address pollutant levels exceeding
health-based thresholds set e U.S. EPA and the Calif@m Air Resources Boar8IP
development can have dramatic implications for both public health benefits and costs to
industry. For exampléhe cost ofthe 2007federal 8hour ozoneSIP developed fahe San
Joaquin Valley of Californigasestimatedto be around$20 billion.The ost of the upcoming
SIPfor particulate matter (PMjor the same region is expected to beenhigher.On the other
hand,the health cost of 201®M levels in the San Francisco Bay Avaa estimated to be
about $13 billion gear, about$1 billion in direct morbidity costand $12 billion valuation
placed on premature death.

Forecastindnigh pollution eventss very important for the regiororecasts are used for
promotingincentive programs for public transaandvoluntaryrestrictions of household
activities tomitigate high pollution levels and to comply with federal and State standards.
Public participation in these programs grew significantly, reducing emissions when high
pollution levels are expected.



Ourmain research area tentral California. This region has high ozone levels in the summer
and high PM levels in the wintdfederal mnattainment areas for ozone and PM are shown
below in Figure1 and 2 Threemajor air quality studies were conductéere at an expense
exceeding $70 milliorCentral California also has artensivenetwork of continuous surface
monitors for pollutant levels and meteorological parameters. These data have been invaluable
for developing air quality simulation$o date,howeer, remote-sensing datdnavenot been
effectively utilized in our air quality modeling applications.

Our goal is to collaborate with other teams of investigators to identify projects for
development. Project results must be readily integrated into our raetéogicatphotochemical
modeling system (CMAQ/CAMx and MM5/WRF).
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Figure 1. Map of federal-Bour ozone nonattainment areas for California.
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Figure2. Map offederal 24hour PM2.5 nonattainment areas for California.

3. Applications of remote sensing data for air quality modeling

3.1 Coastal douds

BackgroundCoastal clouds may significantly impact ozone formation in coastal states. It is
believed that there is a correlation between the areal extent and density of coastal clouds and
levels of inland ozo: The proximity of the eastern edge of the offshore clouds to the shoreline
can provide information on the development of the sea breeze air flow pattern. The time of day
at which the sea breeze develops is often an indicator for peak daily levels & ozached in
coastal areas.

Examplestf the summer sea breeze into the San Francisco Baydhi€aliforniadevelops

before 11:00 AM, it is unlikely that high ozone levels will occur on that day. On the other hand,
if the development of the sea breezedelayed until 3:00 PM, high ozone levels may exceed
the thresholds for pubti health standards on that day.

Figure3 shows a day (11 August 2010) with an early onset of the sea breeze air flow into the
San Francisco Bay Area. Cloudy marine air was remotely sensed to flow over the Bay Area
during morning andanidday sitellite overpasse<Corresponding model outputs are®hn in



Figured. Figureb shows a day (8 August 20M0ith relatively weaksea breeze. Winds were
relatively calm over the Bay Area, and the morrimghadburned off bymidday:.
Corresponding model outputs are shown in Figéire

A different example ishie Arakawa clouds over Los Angeles Air Basin. The Arakawa clouds
usually cover the basin in the morning hours of summer and lift between 11:00 AM and noon.
Early dissipation of these clouds is typically associated with higher ozone levels. Delayed cloud
dissipation, on the other hand, is associated with lower ozone levels in the afternoon of that
day.

RecommendationsSatellite images (including cloud top temperatures) along with surface
meteorological and air quality data can be studied to assess thadtaf the coastal clouds

on summer ozone. The resulting information can be used for model evaluation. Simulated cloud
cover can be compared to satellite observations to validate the model.

3.2 Orographic r ain

BackgroundOrographic rain forms when moist air is driven upwards over elevated terrain such
as large mountain ranges. It is common over the western United States. The resulting changes
in the weather also impact air quality. The release of energy from the gasé@ise mssociated

with water vapor condensation over mountain ridgelines can have important implications for
meteorological modeling. It can influence the air flow patterns that are used to drive air quality
models.

ExampleOrographiaain often developsn the afternoon hours of summer days over the Sierra
Nevada Range. This range extends from around G000 feet above the lovying floor of
California's Central Valley. The weather and air pollution characteristics over the Sierras provide
the eastern bandary conditions for meteorological and air quality modeling over central
California. Orographic rain can influence airflow patterns and temperatures over the Central
Valley.

The right panel of Figureshows this effect for 8 August 2010. Cloud formatand

precipitation had intensified by midday over the ridge line of Sierra Range. The upwind Central
Valley and Bay Area were clear. The meteorological model output (FBpgah®wed a similar

effect.

RecommendationsSatellite images along witmeteorological and air quality data can be
studied to assess the impacts of orographic rain on air quality both upwind and downwind of
large mountain ranges. This information can be used to evaluate both meteorological and air
quality models. Spatial pattes for simulated and remotely sensed orographic rain can be
compared to verify the model.



Figure3. Satellite imagery for 11 August 2010 at:B0 PST (left) and 120 PST (right) from the Terra
and Agqua satellites, respectivelfCloud cover is present immediately offshore, over the San Francisco
Bay Area, and to a lesser extent over the Monterey Bay at both times.

Figure4. Meteorological model outputs corresponding to remote sensing data shown in Figuiea 11
August 2010 at 1@0 PST (left) and 100 PST (right). White contour lines indicate probability of
cloud/fog formation on a scale 0 to 1. Values above approximately 0.5 indicate cloud/fog is likely.
Terrain is indicated by the color shading.



Figureb. Satellite imagery for 8 August 2010 460:30 PST (left) and 120 PST (rightirom the Terra and
Aqua satellites, respectively. Much of thmorning fogpresent over the San Francisco Bay Atess
burned off by midday Also,the later overpass shows orographic cloud formation over the Sierra
Nevada range to the east of California's Central Valley.

Figure6. Meteorological model outputs corresponding to remote sensing data shown in Figufiear 8
August 2010 at 1@0 PST (left) and 1@0 PST (right). See Figutesaption for description.




































