Aerosol, Water Vapor, and Ozone Roles Linking Solar Radiation and Climate: Results from Recent Field Experiments
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Scientific Motivation & Overall Approach

Aerosols caused by biomass burning, desert dust storms, urban
pollution, and other processes form features recognizable from space
on regional to intercontinental scales. These aerosols can change the
climate by perturbing energy exchange between the sun, Earth, and
space, as well as by redistributing energy within the atmosphere. Two
gas-phase constituents, water vapor and ozone, are intimately involved
in these processes, because they interact with aerosols both chemically
and physically, and they are themselves major players in Earth’s
radiation budget. All three types of constituents—aerosols, water vapor,
and ozone—can be retrieved quantitatively from spaceborne
measurements. However, retrieval accuracy is still being determined,
because it depends strongly on constituent type, measurement
conditions, and spaceborne measurement technique.

The three constituent types can also be measured by airborne
sunphotometry. Our work has emphasized the use of airborne
sunphotometry as a unique link between space-based retrievals and a
diversity of suborbital measurements. These include in situ, vertically
resolved measurements of aerosol physico-chemical microproperties
and radiative fluxes, as well as remote sensing by lidar and surface-
based radiometers.
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Results reported here are from 4 Experiments:

® PRIDE (Puerto Rico Dust Experiment, June-July 2000)
® SAFARI-2000 (Southern African Regional Science Initiative, August-September 2000)
® ACE-Asia (Asian Pacific Regional Aerosol Characterization Experiment, March-May 2001)

® SOLVE-Il (Second SAGE IIl Ozone Loss Validation Experiment, January-February 2003)
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1. Satellite Validation

In PRIDE, SAFARI-2000, and ACE-Asia, the Ames Airborne Tracking Sunphotometers
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2. Closure Among Suborbital Results
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3. Aerosol Absorbing Fraction from Radiative Flux and AOD Spectra
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4. Tests of Chemical Transport Models

International comparisons of chemical-transport models (CTMs) show that aerosol vertical distributions often
Hence, the vertical profiles of AOD and extinction measured by our
airborne sunphotometers (AATS-6 and -14) can provide a key performance test for such CTMs. We have
participated in such tests of the models GOCART, CARMA/MATCH, and MATCH.

differ markedly from model to model.

Frame A shows examples of such comparisons between Sahara dust AOD profiles simulated by

6.

AATS-measured transmission in the 940-nm band and in surrounding channels is used to
derive column water vapor (CWV).
profiles of water vapor density. Comparisons to in situ measurements of both CWV and density
yield the agreement shown. The continuously measured CWYV results are useful in radiative
transfer calculations (e.g.,

Water Vapor Comparisons

Vertical differentiation of CWV measured in profiles yields

Box 3) and in assessing the CWV associated with AOD aloft.
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7. Regional Forcing Assessments by Combining Satellite and Suborbital Results

We use several approaches in this subtask. The one shown here combines monthly-

average SeaWiFS-derived AOD with vertical profiles of aerosol
averaged from 28 closure-study profiles flown in ACE-Asia. These

yield the curves of forcing vs. AOD shown. Combining those curves with the SeaWiFS

AOD map yields the forcing map shown.

AOD (510 nm), April 2001 Mean From
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Aerosol Properties from 28 Closure-Study Profiles, ACE-Asia

intensive properties
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In a different approach (not shown), we use profiles of a model dust over a model pollution aerosol, each constrained
by ACE-Asia measurements. We adjust the relative amounts of dust and pollution in each pixel to produce a model
Angstrom exponent that matches the SeaWiFS-retrieved Angstrom exponent in that pixel.
curves of forcing vs. AOD for different relative amounts of dust and pollution. The curves differ little from those

This approach produces

shown, and hence produce similar maps of forcing.
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A major goal of our work is to combine satellite and suborbital
results to assess effects of radiatively active constituents on
radiation and climate. Because assessment accuracy
depends critically on the quality of input measurements, we
devote considerable effort to testing and improving both the
satellite and the suborbital results. Also emphasized are novel
ways to derive critical aerosol parameters (e.g., single
scattering albedo (SSA) from radiative flux and AOD spectra)
and tests of model predictions of aerosol distributions and
properties. Key results include:

Summary and Conclusions

® Column AOD comparisons have helped improve retrievals by
MODIS and MISR. Other comparisons have helped quantify the
accuracy of AOD retrievals from AVHRR, GMS-5, GOES-8 Imager,
SeaWiFS, TOMS, and ATSR-2.

® Extinction- and AOD-profile comparisons have quantified the ability
of lidars and airborne in situ measurements to derive extinction from
backscatter, from size distribution plus chemistry, and from scattering
plus absorption. These comparisons provideindependent tests of
analysis methodologies, including inlet corrections for particle loss and

enhancement (by evaporation, aerodynamics, etc.)

® Combining flux and AOD spectra yields SSA spectra from ~350
to 1600 nm that are based on within-atmosphere solar absorption
measurements and are free of any aerosol-sampling artifacts.

® Monthly average, cloud-free aerosol radiative forcing at the
surface in ACE-Asia exceeded —30 W m-2 in a plume downwind of
Japan and in the Sea of Japan and Yellow Sea.



