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Motivation

Aerosols affect climate by scattering and absorbing
solar energy, which remains a significant source of
uncertainty in our ability to predict future climate.

Methods

Improving upon previous techniques, CloudSat’s
new multi-sensor radiative fluxes and heating rates
data product leverages the ability of CloudSat
and CALIPSO active sensors to retrieve vertically-
resolved cloud and aerosol properties critical for
accurate assessment of aerosol direct effects. Up-
welling and downwelling radiative fluxes from this
product are used to compute the shortwave aerosol
direct radiative effects (DRE), defined as the net flux
perturbation due to the presence of aerosols, which
are sorted by CALIPSO aerosol type classification.
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Inputs
Cloud properties: CloudSat, CALIPSO, MODIS
Aerosol properties: CALIPSO

Surface reflectance: MODIS, AMSR-E
Temperature, humidity: ECMWF reanalysis
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Algorithm

Two-stream, adding-doubling radiative transfer model

- 6 shortwave, 12 longwave bands

- 125 levels (0 — 30 km)

~~

Outputs

1. Vertical profiles of radiative flux (Wm-—)

2. Vertical profiles of heating rates (K day)

Figure 1: Flowchart of the 2B-FLXHR-LIDAR algorithm.
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Figure 2: Annually-averaged aerosol DRE as sorted by CALIPSO aerosol types.

Global DRE Estimates

Table 1: Global annually-averaged DRE [Wm™?]
Clear-sky Cloudy-sky All-sky

Marine -0.92 -0.69 -0.85
Dust -0.38 -0.25 -0.33
Poll. Cont. -0.20 -0.08 -0.13
Clean Cont. -0.04 0.00 -0.02
Poll. Dust -0.57 -0.31 -0.46
Smoke -0.09 +0.55 +0.14
Mixed -0.55 -0.19 -0.39
Global -2.774 -0.97 -2.03

Assessing the contributions of aerosol species to
global aerosol direct effects lends valuable insight

into the complex role of aerosols on climate. Using
the 2B-FLXHR-LIDAR dataset, we:

- Evaluate the role of cloud cover on absorbing
versus scattering aerosol species; and

- Quantify the global distribution of DRE from
both natural and anthropogenic sources.

The Big Picture

Multi-sensor A-Train satellite observations provide
key observational constraints necessary to evaluate
and 1mprove climate model simulations of aerosol
direct effects from different emission sources and
under a range of atmospheric conditions.

for more on this study: bit.ly/ams2014
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