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Mie calculations

An accurate solution of the inherent optical properties (IOPs) that determine the
scattering and absorption of spherical homogeneous particles was first derived by Mie
(1908). Mie calculations require real and imaginary refractive indices of the spherical
particles as input. Here we use the values for water given by Segelstein (1981) that
cover the spectral range 10 nm to 40000 nm with a spectral resolution of 10 nm. The
MIEVO solver developed by Wiscombe (1980) is run for wavelengths 280 nm to 4000 nm
in 10 nm steps for water droplets with radii ranging from 4 nm to 40 nm in 1 nm steps.
From the MIEVO0 output the IOPs: mass extinction coefficient, single scattering albedo
and asymmetry factor are calculated. In Fig. 1 the resulting single scattering albedos
across the spectrum are shown for five different sizes of spherical liquid water droplets.
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Figure 1: Mie calculations of the single scattering albedo across the solar spectrum
from 280 nm to 4000 nm for five different sizes of liquid cloud water droplets.

Also marked in Fig. 1 are the divisions between the 6 SW spectral bands in the
HARMONIE IFS radation scheme as defined by the wavelengths: 185-250-440-690-
1190-2380-4000 nm. As mentioned in the paper the first of these spectral bands is
irrelevant. For the remaining 5 spectral bands a typical solar spectrum is used to
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calculate weighted averages of each IOP. When making parametrizations for broad
spectral bands it is necessary to assume a typical solar spectrum in order to account
for the spectral variations within each spectral band. This assumption is a source of
error in cases where the actual spectral variations within the spectral bands are very
different from those assumed. It is, however, a much better assumption than using
simple averages across the spectral bands.

The typical solar spectrum used for spectral weighting within the spectral bands is
calculated with the pseudo-spectral LOWTRAN/SBDART option (Pierluissi & Peng
1985; Ricchiazzi et al. 1998) in the libRadtran software package (Mayer & Kylling
2005) run with 1 nm resolution using the Kurucz (1992) solar spectrum. The discrete
ordinate method (DISORT; Stamnes et al. 1988) is used to solve the radiative transfer
equation. Downward spectral irradiances are output at a height of 2.0 km on the 173"
day of the year. The day of year determines the Sun-Earth distance. The solar zenith
angle is set to 45°. The default aerosols of Shettle (1989) are used with the AFGL
midlatitude summer atmosphere (Anderson et al. 1986). The ozone cross sections are
given by Bass and Paur (1985).

Comparing the IOP parametrizations to the Mie cal-
culations

In the IFS radiation scheme of HARMONIE 37hl two IOP parametrizations of cloud
liquid droplets are available: Fouquart (1987) and Slingo (1989). In the hlradia scheme
IOPs are not used. The HARMONIE 37h1 IFS radiation scheme has 6 spectral bands,
of which band 1 can be ignored here as solar irradiance with wavelengths below 250 nm
does not reach the lower atmosphere where liquid water clouds are found.

Since the initial tests of the Fouquart and Slingo IOP parametrizations showed
significant deviation from the Mie calculations, we have made a new parametrization,
which we refer to as ‘Nielsen (2014)’. This new parametrization is based on empirical
fits to the Mie calculations. Below these three parametrizations are given for each IOP
and each spectral band. Comparisons with the Mie calculations are also plotted.
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Mass extinction coefficient parametrizations

Spectral band 2 (250-440 nm)
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Figure 2: Comparison of mass extinction coefficient parametrizations for spectral band
2.
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Spectral band 3 (440-690 nm)

0.45 T T T T T T T
Mie-Debye calculations  ——
| q
Fouguart (1987)
N ) Slingo (1989) -~ |
5 +
E 03} Nielsen (2014) 1
€
2
5
£ 025 .
o N\
(8] 3
S "
= 0.2 | S -
£ ;
E .
@ 0.5 | |
8 . ey
0.1 | —:ﬂ"-k N
R
0.05 | ] H._%__F §
O 1 1 1 1 1 | 1

0 5 10 15 20 25 30 35 40
Cloud drop effective radius [10'6m]

Figure 3: Comparison of mass extinction coefficient parametrizations for spectral band
3.
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Spectral band 4 (690-1190 nm)
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Figure 4: Comparison of mass extinction coefficient parametrizations for spectral band
4.
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Spectral band 5 (1190-2380 nm)
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Figure 5: Comparison of mass extinction coefficient parametrizations for spectral band
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Spectral band 6 (2380-4000 nm)
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Figure 6: Comparison of mass extinction coefficient parametrizations for spectral band
6.
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Single scattering albedo
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Figure 7: Comparison of single scattering albedo parametrizations for spectral band 2.
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Spectral band 3 (440-690 nm)
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Figure 8: Comparison of single scattering albedo parametrizations for spectral band 3.
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Spectral band 4 (690-1190 nm)
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Figure 9: Comparison of single scattering albedo parametrizations for spectral band 4.
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Spectral band 5 (1190-2380 nm)
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Figure 10: Comparison of single scattering albedo parametrizations for spectral band
5.
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Spectral band 6 (2380-4000 nm)
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Figure 11: Comparison of single scattering albedo parametrizations for spectral band
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Asymmetry factor
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Figure 12: Comparison of asymmetry factor parametrizations for spectral band 2.
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Spectral band 3 (440-690 nm)
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Figure 13: Comparison of asymmetry factor parametrizations for spectral band 3.
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Spectral band 4 (690-1190 nm)
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Figure 14: Comparison of asymmetry factor parametrizations for spectral band 4.
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Spectral band 5 (1190-2380 nm)
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Figure 15: Comparison of asymmetry factor parametrizations for spectral band 5.
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Spectral band 6 (2380-4000 nm)
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Figure 16: Comparison of asymmetry factor parametrizations for spectral band 6.
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