ARM Invisible Giants in the Sky
1"_'_‘__—_—____‘_\

CLIMATE RESEARCH FACILITY

Research Highlight

A few large particles in a crowd of tiny ones have often been ignored when calculating
the amount of sunlight bounced back into space in clean-sky conditions. Scientists
at Pacific Northwest National Laboratory found that these "giant" particles have a
larger-than-expected impact on the amount of sunlight reflected away from Earth,
by as much as 45 percent. They also showed that particles larger than one micron
(0.000039 inch) occur much more frequently than expected, up to 85 percent of the
time.

"Many routine measurements are unable to sample large particles, thus they may
overlook the residence of many ‘Gullivers in the country of Lilliput,’ said Dr. Evgueni
Kassianov, PNNL scientist and lead author of the study. "Our results show these
‘invisible giants' play a much greater role in reflecting solar energy back into space
than previously thought.”

Many routine measurements have failed to capture the amount of large aerosols,
particles greater than one micron, in the atmosphere in clean-sky conditions. Without
a complete picture of the effect of aerosols on the atmospheric radiation budget, these
routine measurements did not provide the important observational constraints needed
to assess and improve climate models.

The PNNL researchers performed a two-step study using daily observations from
an integrated dataset collected during the Carbonaceous Aerosol Radiative Effects
Study (CARES) field campaign held in 2010 near Sacramento, California. The data
analysis revealed surprisingly large and frequent contributions (up to 85 percent of
the time) of large particles to the total volume of aerosol particles. Co-incident ground-
based and aircraft data collected at and above two sites verified the existence of large
particles.

In the second step, the team used state-of-the-art radiative transfer calculations on
the CARES dataset to show the large aerosol particles' effect on the amount of
sunlight reflected back into space. They found the large particles had an unexpectedly
significant influence on the amount of reflected sunlight.

Tiny atmospheric particles called aerosols get in the way of sunlight beaming down to
Earth. They either absorb or scatter sunlight. The human eye catches these effects
when particles get in the way of viewing distant mountain tops. Scientists can measure
particle presence using ground-based and airborne instruments. Because there are
so many small particles and so few large ones, measurements have concentrated on
capturing the characteristics of the small ones. This new study shows that in clean
air, just a few, larger particles have a much greater influence on reflected sunlight
than previously thought. Revealing the true nature of these "giants" suspended in
the atmosphere will improve models that predict how the climate will react in all
conditions.
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Daily averaged values of (a, b) the direct
aerosol radiative forcing (DARF) and (c, d)
aerosol radiative forcing efficiency at the top-of-
atmosphere calculated for the “original” aerosol
optical properties (blue) and their PM1.0 (red)
and PM2.5 (green) counterparts at the CARES
(left) TO and (right) T1 sites
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