At the HAQASTZ2 Meeting in February 20t@author Saffet
Tanrikuluchallenged the NASA community to show how satellite
data could aid him in assessing air pollution for the Bay Area Air

Finding High -Pollution Hot -Spots In Areas of Generally low PM2.5
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Quality Management District (BAAQMD).
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thallénged1Bekarea is usually very clean, but with

occasional violations ofhe 35ug nf3 standard for PM2.5
respirableaerosol, especially in winter:

Mixed layers vary on a fewkm scale, responding to inflow from
the ocean and the Central Valley, largka contrasts in stability to
mixing, and multiple sukbasins defined by topography. We had
considerable success in producidgily maps for the wintertime,
but hereunmodeledrmsvariability of ca. 5 um proved not

tolerable.

Instead we looked to concentrate on highest concentrations in
individual few-km areas. The PM2.5 monitoringtation data
suggested separate regional and local influences. We expected
that local influences might not be captured by the station.

Our approach is to provide informative maps based on satellite
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or sources. This approach aims to test angprove, not replaces-
d sourcedrivenmodels.

The aerosol optical thicknes&\QT or

Was obtained from

the MODIS ftp site and we thank Alekiyapustinand Yujie Wang
for their aid in producing and refining this product. The data is at

1 km resolution.

TExt

We aimed to quantify regional influences by simplifying the
physics that describes thaOTFto-PM2.5relationship in anear-
surface mixedayer:

T
PM2.5 = Ext

AZML - f(Composition, RH)

X where we divide the aerosol optical depth by the mixéayer
height (preferablyalsothe mixing-layer height) and also by a
function that describes the expansion of particles from PM
monitor conditions to conditions appropriate for aerosol particles
at various temperatures and relativeumidities throughout the
mixed layer.

Daily Relationships and a Mixed Effect Model

We use a daily calibration technique, where we seek the best
fitting function between AOT, extinction optical depth, (from MAIAC

MODIS archive) and estimated for each day (
X Bowever we assume uniform for that day at all locations. For the
estimate we use all reportindPM2.5stations (S).
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and we extend that dailyf; relation for all locations where there is
MAIAC data. This creates maps (arrays) of estimaidd2.5for the

whole region.

PM2.5;;=a Tge, +c+ (a;+Bi Toxe,.) + &is

This expresses a uniform fixed effect, linearA@T, and modifying
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varies. The robustness of the estimate are checked by leawteone

cross validation.

The functiond; vary significantly from day to day.

A Varying slopes4,) allow for different mixing depths, particle
composition, and relative humidity effects

A Varying intercepts ;) allow for detached aerosol layers higher
in the troposphere, as long as they are approximately uniform,
and some other variations.
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Estimation of HighQuantilesof EstimatedPM2.5

The linear relationship§ perform well in providing regional patterns, but
there is still 3@40% ofrmsresidual error observed where we have checks, at
the measurement stations.

Predicted PM2.5 Quantile .75 over 23 days

additional AOTand so attributedPM2.5in certain areas, they should
appear in the maps. The magnitude of mapped variations will be
underestimated, since the composition, relative humidity, and
mixed-layer depth are not in the estimates.
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Beaches:

sand? Surf?

Expecting veryocal variations, we took 23 days of MAIAC data, 23
arrays,calculated the associate®M2.5,and extracted the median,
75th percentile, and the 90th percentile at each point.

We then made maps of th&5th percentileand the 90th
percentile, These are shown in a variety of ways in the images on the
right. The values are shown in the maps ag m< but they should
not be considered quantitative; the range should of values seen in
the maps is no doubt diminishedStill, the pattern of variation
appeared instructive.

traffic jams??

? The Bay Area Example

Data is available inkmzGoogle Earth and ArcGIS
formats. Top image: November 14, 2016. This shows
native 1-km resolution

Lower image gives GIS information with a layer showing
the 90th percentile.
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Open fires in
Unweighted AOT values, Big Basin and
90th percentile values are less Butano State
informative Parks?
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Squab trucking
transport hub
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Esri, HERE, Garmin, NGA, USGS. NPS :?‘.j ‘
Please Examine the 70th and 90th percentile "
plots on the right. =2 Valero, Tesoro.
|dentified water areas (in the MAIAC data) have been Phillips refineries
removed. MAIAC treats water areas with a separate
algorithm; water coloration in the Bay Area is complex.
Some areas (salt flats in the South Bay, shoreline © marshes salt
regions west of Vallejo, and show as very higimM2.5 & evaporators,
highway, urban
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constructed from the daily maps weraurtools. These suggest areas of poor air quality; many seem to correspond to likely high
emissions sources. Thereis some rough comparability of the levels that they reach in these regions based on these mgps, tho
they are not considered more than approximately quantitative. Coastal water bodies can give false highs.

This algorithm uses the idea that regional levelsP#2.5affecting most monitors can be estimated, but requiredaily .
relationrelating AOTto PM2.5.HighAOTregions then map with thatf; relation to estimate localPM2.5.Highquantile maps
drawn from daily maps will then be usefully estimated.

There are notable limits to the method we used. Sufficiency constandadf f; needs to be evaluated. Finscale estimation of
mixing heights could help, but transport models are needed to establishment of equivalent rixger depths when there are

0§KS GINAIFGA2ya I NB likely elgvataddayers. In turn, our maps can improve 3d transport models

This study used only a pilot set of 23 winter days, including enough{ugrticulate days to establish parameters well and also

low and moderate days. HigRM2.5levels likely underestimated. Studies which study larger numbers of days, and also future
deployment ofrelocatablemonitors may help check these results.

finished products
and conclusions:
Robert.B.Chatfield@nasa.gov

This work was encouraged and aided BaffetTanrikulu
and his staff, but of course it cannot represent
understandings of the BAAQMD.

We thank the Health and Air Quality Program and John
Haynes for encouragement and support of this activity to this
point.
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