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Summary
In the 2nd year (see below) we focused our attention on an effort to move beyond
detection of the indirect radiative forcing to begin to understand the physical processes
controlling the interaction between smoke aerosol and clouds.  To do so, we integrated
the satellite observations with the theoretical modeling.  The exciting results have been
recently submitted to the J. Geophys. Res.,  and the abstract appears below.  We find that
Twomey’s approach continues to hold to first order, but that the strength of the indirect
effect can be regulated by the size and hygroscopicity of the aerosol, without varying
cloud type or precipitable water vapor.  These results can begin to explain discrepancies
between previous observational studies.

In the 3rd year we will return the observational component of the study again, focusing
on the remote sensing of the indirect effect at different spatial scales and from different
instruments.  We will also attempt to determine the effectiveness of remote sensing to
detect direct and indirect aerosol forcing in the Southern Hemisphere.
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OBJECTIVES: To use airborne and satellite imagery over tropical biomass burning
regions in order to identify possible smoke indirect radiative forcing.  To combine
satellite imagery analysis and cloud modeling to identify the physical processes



controlling the effect. To estimate the ability of remote sensing to quantify the global
indirect radiative forcing produced by tropical biomass burning smoke.

APPROACH: We use AVHRR 1 km data to determine cloud and aerosol properties
over South America during the biomass burning season, and combine these data with
water vapor data acquired from the Goddard Data Assimilation Office (DAO).  This
provides our primary multi-year data base in which to look for relationships between
cloud properties, smoke optical thickness and precipitable water vapor.  The SCAR-B
MODIS Airborne Simulator (MAS) data from 1995 allows us to test our AVHRR results
with finer resolution data, and to help quantify the role of mixed cloud-clear pixels in
both the analysis and in the physical process. In addition we are looking for an
understanding of the physical relationships between variables with a numerical cloud
model.

TASKS COMPLETED :
(1) Numerical cloud model initiated and tested.
(2) Numerical cloud model performed simulations over a broad range of parameter space.
(3) Development of methodology to link satellite data analysis and numerical modeling.
(4) Expansion of Twomey’s approach to include aerosol parameters besides
concentration.
(5) Identification of some of the processes controlling indirect effect.
(6) Manuscript submitted to J. Geophys. Res. extending Twomey’s approach with
combination of satellite observations and modeling results.
(7) DAO precipitable water vapor data validated with AERONET sunphotometer data.
(8) Software developed to ingest and process DAO water vapor data with AVHRR data.
(9) Two years of AVHRR data analyzed.
(10) Four days of MAS data analyzed for aerosol optical thickness and precipitable water
vapor.
(11) Scale analysis of remote sensing of indirect effect using MAS data started.

1st YEAR RESULTS which focus on aerosol indirect effect detection and preliminary
model studies are detailed in the 1st year progress report, available on the GACP web
site.

2nd YEAR RESULTS: are summarized in the following paper

Analysis of smoke impact on clouds in Brazilian biomass burning regions:
An extension of Twomey’s approach.

G. Feingold, L.A. Remer, J. Ramaprasad, Y.J. Kaufman

Submitted to J. Geophys. Res., August 3, 2000



Abstract: Satellite remote sensing of smoke aerosol-cloud interaction during the recent
Smoke, Clouds and Radiation – Brazil experiment (SCAR-B) is analyzed to explore the
factors which determine the magnitude of the response of clouds to smoke aerosol.
Analysis of two years worth of data indicates that the response is greatest in the north of
Brazil where aerosol optical depth is smallest, and tends to decrease as one moves
southward, and as aerosol optical depth increases.  Saturation in this response occurs at
an aerosol optical depth of 0.8 in 1987, and 0.4 in 1995.  To explore the reasons for this, a
framework is developed in which the satellite-measured response can be compared to
simple analytical models of this response, and to numerical models of smoke aerosol-
cloud interaction.  It is shown that the droplet-size response to an increase in smoke
optical depth decreases with increasing aerosol optical depth, increasing median size of
particles, and increasing hygroscopicity.  However, for very thick smoke when
competition for water vapor is great, there is a saturation in response and under certain
conditions, the model even indicates an increase in drop size with increasing optical
depth.  Thus, two maxima in response may exist; the first (expected) peak exists at small
number concentrations and small sizes (i.e, cleaner conditions), and the second at high
number concentrations and large sizes.  It is suggested that this second peak results from
the suppression of supersaturation by abundant large particles and the prevention of
activation of smaller particles.  Therefore, although to first order smoke optical depth is a
good proxy for aerosol indirect forcing, under some conditions the size distribution and
hygroscopicity can be important factors.  We find no evidence of a dependence of the
indirect effect on precipitable water vapor.
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In the 3rd year we intend to :
• Investigate spatial scales on the remote sensing of the indirect effect.

The SCAR-B MODIS Airborne Simulator (MAS) data provides 40 m
pixel data.  This can be compared with 1km AVHRR data.

• Investigate the mixed cloudy and clear pixels to determine smoke effect
on the total radiative forcing in the biomass burning regime. In previous
studies we ignored ambiguous pixels that could have been either clear or
cloudy.  Much of the radiative forcing could occur in cloud edges or in



smoke close to cloud edges.  Re-analysis of these lost pixels may be
important.

• Investigate interannual variability of the indirect effect in South America.
The two years studied, 1987 and 1995, are different in terms of smoke
and cloud distributions across the region, in terms of point of saturation
of the indirect effect and in terms of the strength and spatial extent of the
indirect radiative forcing.  Two years are not enough to begin to
understand the interannual variability of the radiative forcing.

• Continue to use modeling as a tool to help understand the processes
behind the observations of the indirect radiative forcing.

• Estimate the overall effectiveness of using remote sensing to estimate
radiative forcing for the whole Southern Hemisphere, not just the
biomass burning regions themselves where the signal is strong.
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