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ABSTRACT

Improving the understanding of sources and processes driving the
variation of atmospheric aerosols is critical for quantifying their air quality
and climate implications and for formulating regulatory policies. This thesis
presents four projects that exploit multiple observation data and modeling
tools to quantify and interpret aerosol trends and sources.

Global visibility records are filtered and processed to assess historical
trends in atmospheric haze. Spatially coherent trends in the screened inverse
visibility (1/Vis) are consistent with trends in collocated aerosol
measurements over the US and Europe. Trend transitions of 1/Vis in the
eastern US, Europe and eastern Asia are significantly associated (r ~ 0.7-0.9)
with the variation of sulfur dioxide emissions, reflecting historical
socioeconomic events and environmental regulation activities.

The 1/Vis dataset over the eastern US reveals significant changes in the
dominant aerosol seasonality from winter maxima to summer maxima over
1946-1975. By interpreting seasonal contrasts in 1/Vis trends with a historical
emission inventory of aerosol sources, we attribute these changes to
increasing sulfate and decreasing primary carbonaceous aerosols. Summer
1/Vis increases faster over the southeastern US than over the northeast during
1956-1975, suggesting concurrent increase in secondary organic aerosols.

A simulation with the GEOS-Chem chemical transport model
downscaled with satellite-derived PMa.s identifies a significant increase (0.28
ug m>yr!, p <0.05) in global population-weighted PM2 5 concentration over
1989-2013, driven by increasing organic aerosols (0.10 pg m>yr!), nitrate
(0.05 ng m>yr!), sulfate (0.04 ug m>yr!') and ammonium (0.03 pg m=yr™).
These four components predominantly drive trends in population-weighted
mean PM: s over populous regions of South Asia (0.94 ug m>yr!), East Asia
(0.66 pug m3yr!), Western Europe (-0.47 ug m>yr!') and North America (-
0.32 pg m>yr!). Trends in area-weighted mean and population-weighted
mean PM2.s composition differ significantly.

Two inversion methods are tested for ammonia emission estimates using
the GEOS-Chem model and its adjoint at coarse (2° x 2.5°) and fine (0.25° X
0.3125%) resolutions. Comparing to four-dimensional variational
assimilation, the iterative finite difference mass balance approach requires
fewer iterations to yield smaller errors in the top-down inventories at coarse
resolution, while consistently shows larger errors at fine resolution.



