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INTRODUCTION SCATTERING INDEX

The CRTM is a unique radiative transfer (RT) model for NWP radiance
assimilation of satellite data in clouds and precipitation not only because it
explicitly calculates multiple scattering over a broad spectral range - visible to ToA s
microwave - but also because it is highly flexible. For example, the CRTM Yo = I, Bse dz
accepts two parameters of the model cloud distribution (water content and s J‘"’A Bsdz
effective particle size), and allows for a multi-stream (variable resolution) 0
solver to maintain consistent solution accuracy across a wide range of
conditions.

The scattering index x;, is defined as:

where f is the volume scattering coefficient, 4 the cosine of the zenith angle,
and 7,(z) the total absorption optical depth (gas + particles) between the top

N N N of atmosphere (TOA) and level z:
The purpose of this work is to report on certain changes that have been made

to or planned for the CRTM in terms of scattering radiative transfer. Our past TOA
year’s effort focused on two things: Ta(2) = f Badz
1)  Integration of another RT solver, the Successive Order of Interaction o
(SO1) approach [1]. ) ! , - e
2)  Development of a candidate scattering index to determine the optimal with S, being the absorption coefficient. This index is a measure of the degree

number of streams needed for a given cloud and/or aerosol profile of scattering, and varies between 0 (complete absorption) and 1 (complete
scattering).

Integration and testing of the SOI solver (forward, tangent linear and adjoint 10
models) has been completed. Plans are to include this as an option in CRTM .08
V2.2, slated for release in fall 2011. 5 — The index for an idealized
Reported here are early results of the scattering index at infrared wavelengths j | Clmfd (Is(;ngler;liyer;(c]z;lgud‘of
for the HIRS/4 using simulated cloud profiles generated by the Weather | optical depth 1 at a)is
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To provide realistic clouds for testing the scattering index, we made use of L T —— . switch from the 2-stream to
selected areas of a large-scale (80°W-80°E; 50°N-50°S) high-resolution £ s 4-stream solution for better
simulation that was done for 15-16 August 2006 [2]. g o accuracy.
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* Bulk 5-species one-moment hybrid microphysics scheme (cloud ice has
two moments)([3]
Evaluation of the vertical structure of midlatitude clouds in this simulation
showed good agreement with CloudSat observations [4].

Left: WRF model simulation
over mid-Atlantic Ocean.
Right: Of the 256 x 256
simulated profiles, about 35%
are clear sky, 20% ice phase
cloud, 25% liquid phase cloud,
and 20% mixed phase cloud.
Ice cloud is shown in blue,
liquid cloud in white.

HIRS-4 / NOAA-19: View zenith = 0 degrees, ice and liquid cloud only (no mixed phase)
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1 (14,95 pm) T20armum i auara‘sum) . . 4gazzum . [ Results (left) indicate that the 2-stream
solution can be used for the strong CO, bands
(1-4) under all conditions. For the weaker CO,
bands, window, O, and mid-level water vapor
bands (5-10, 12), the 2-stream solution is
1 5 (1397 pm) 6 (13.64 ym) 7 (1335 um) 8 (11.11 pm) 9071 um) I generally adequate for scattering indexes
< ~0.1. However, the remaining bands require a
. I lower threshold (for the same accuracy),
ﬁ [ especially at longer wavelengths. Furthermore,
biases are produced in the 2-stream solution at
these bands whose sign depends on the cloud
thermodynamic phase. The plot below for the
- B 2-stream solution for band 18 shows that this
— *‘v [ _—ﬂ ——% | can be problematic for mixed-phase clouds
I since these biases tend to cancel and thus can
produce a brightness temperature difference
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" index. Another issue concerns AT, going to 0
ﬂ ‘-—-ﬁ for all solutions as the index approaches 1. The
Ice reasons for this behavior are unclear and will
. . . . . . . L . . . , . . . . be further investigated.
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HIRS-4 / NOAA-19: View zenith = 0 degraes, band 18, mixed phase cloud anly

CONCLUSIONS AND NEXT STEPS

A candidate scattering index shows promise in automatically assigning the
number of streams needed to achieve a desired accuracy in computed top-
of-atmosphere brightness temperatures for scattering atmospheres.
However, under certain conditions the index can produce ambiguities. Plans
are to address these weaknesses and extend the index to microwave
wavelengths and aerosols.

18 (4.00 um) 2-stream
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