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Motivation
Understanding the movement of an air parcel
(hereafter, referred to as an air trajectory) is important for
understanding air pollution. The air trajectory determines
where the air parcel passes over an area with air pollution
and how the air transports air pollutants such as
particulate matter (PM) into the downwind regions.
Understanding how air trajectories could change in
coming decades will help to improve future air quality
projections.
Using high resolution downscaled climate data, we
can create back trajectories from forecasted winds up
through the year 2100. These trajectories will help to
determine how pollutants might be transported and
ultimately how air quality will be.
Goals of this Study
The goal of the PM project is to improve our understanding
of the effects of global change on the future PM levels in the
western U.S. The primary objectives are to develop and apply a
novel application of Lagrangian box modeling using an ensemble
of high resolution and bias corrected downscaled climate
conditions to provide comprehensive descriptions of PM change.
To model these changing PM levels, we need to know where
the air is coming from. By creating these trajectories and inputting
an initial concentration, we can model changes in chemical
composition of the air depending on urban, rural, and
topographical impacts on the concentration.

Figure 1. Map of
starting locations that
are of interest to PM
project. Back
trajectories will
originate at these
locations to analyze
where air came from at
an earlier point in time.

Methods
• Run HYSPLIT4 using Eta Data Assimilation System (EDAS) 40
km x 40 km grid reanalysis data and compare trajectories to
Weather Research and Forecasting (WRF) 4 km x 4 km grid
model outputs. We used the EDAS data rather than the WRF
data because EDAS provides information from the year 2004.

Figure 2. WRF HYSPLIT back
trajectory for one day starting in
Sacramento, CA.

Figure 3. EDAS 40 km x 40 km
grid back trajectory for one day
starting in Sacramento, CA.
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Methods (cont.)
•

Results/Discussion

Multivariate Adaptive Constructed Analogs (MACA) is a
statistical downscaling method that is used to downscale
climate model simulations to a 4-km grid using
meteorological observations. We computed the back
trajectories with the MACA historical data (before the year
2005) using the following method:

Constructing the MACA back trajectory model:
1. Using a script written in python to collect daily MACA data
at a given latitude and longitude for one date, we withdrew
the zonal (u) and meridional (v) wind components.
2.
u 2 + v 2 is the magnitude of the resultant wind.
Reversing the resulting wind direction by 180° (winds are
given in the forward direction) will give us the back tracking
wind direction.
3. The bearing of the wind is calculated by taking the
arctangent of the v (meridional) winds divided by the u
(zonal) winds.
4. Using the wind bearing and magnitude, the geopy module
within python can advect the wind back one day, where a
new latitude, longitude, and wind speeds are collected.
From here the cycle repeats for the amount of days
inputted.
• In order to perform a controlled analysis, the back
trajectories estimated with the MACA historical data are
compared against the ones computed with the reanalysis
data (i.e. EDAS).
• Archived daily surface maps from the Weather Prediction
Center (WPC) that showed significant pressure systems
moving through the western U.S. were used to choose
dates for back trajectory runs.
• MACA back trajectories were generated for several
locations in the Midwest region, where topography is less
protrusive.

Figure 4. WPC surface map for
7:00 UTC Feb. 21, 2004.

Figure 5. MACA back trajectory for
SE Kansas on Feb. 21, 2004

• EDAS data is collected every 3 hours. Back trajectories
were generated at 15, 18, and 21 UTC each day so that
a prominent back trajectory could be used for
comparison.
• EDAS HYSPLIT and MACA back trajectories were
compared to the WPC surface maps to see if wind
directions were accurate.
• The EDAS and MACA back trajectories were compared
to each other for similarities.

Figure 6. WPC surface map for
7:00 UTC. Feb. 25, 2004.

Figure 7. WPC surface map for
7:00 UTC Aug. 23, 2004.

Figure 8. EDAS 8-day back
trajectory for Salt Lake City,
UT at 21:00 UTC on Feb.
25, 2004.

Figure 9. EDAS 8-day back
trajectory for Salt Lake City,
UT at 21:00 UTC on Aug.
23, 2004

Figure 10. MACA 8-day
back trajectory for Salt Lake
City, UT (cyan),
Sacramento, CA (red),
Portland, OR (blue), and
Seattle, WA (green) on
Feb. 25, 2004.

Figure 11. MACA 8-day
back trajectory for Salt Lake
City, UT (cyan),
Sacramento, CA (red),
Portland, OR (blue), and
Seattle, WA (green) on Aug.
23, 2004.

The EDAS with 40 km x 40 km grid resembled the
high resolution WRF with 4 km x 4 km grid well enough to
be used for comparison with MACA . During periods
where significant pressure patterns occurred, both the
EDAS and MACA data were able to produce wind
patterns that reflected the pressure surface. Though the
back trajectories were not identical, they shared
similarities in direction. This gives us confidence that the
MACA dataset can be used for forecasting future air
quality.
Future work needs to look at how the MACA dataset
can be used to simulate back trajectories for the western
U.S. during significant weather events such as
stagnation, which is the favorable condition for air
pollution and poor air quality.

Acknowledgements
This research is supported by the Particulate Matter and Related Pollutants in a
Changing World, EPA- G2014-STAR-G1 project and through the NSF REU program,
Atmospheric Chemistry and Climate Change: Measurements and Modeling in the
Pacific Northwest
Special thanks to John Hunter and contributors to matplotlib, as well as contributors to
geopy, ipython3, and hysplit4.
Figure 2 courtesy of Serena Chung.

