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1. Background and objectives

Accurate estimation of Lhe radiative forcing due to
greenhouse gases and particulate matters is crucially im-
portant for studying global warming processes, In this
CONIEext, an accurate yet efficient radiative transfer code is
a key-tool for successtul numerical simulations by general
circulation models and for earth radiation budget studies
by satellite remote sensing techniques. For these purposes
existing radiation cedes are not enough to fulfill the de-
mand, especially for cloudy aimosphere simulations.
Some codes use emissivity parameterization to introduce
cloud effects. In the present study we have developed an
accurate and efficient radiative transfer code, which is per-
tinent to calculate the radiative heating rate in the realistic
aimospheres including clouds, aerosols and gaseous con-
stituents.

2. Methods

The absorption coefficient (k-value) of gaseous con-
stituents has a strong and complex wavelength dependence
as compared with the scattering coefficient and Plank
tunction. Therefore we have to integrate the transter equa-
tion with respect o wavelength by setting up fine wave-
length grids for accurate estimation of radiative fluxes.
This method (Lire-by-line method, LBL-method) is accu-
rate bul takes inhibilively large computing time for apply-
ing 10 general circulation and remote sensing problems.

In this study we adopted a k-distribution method (KD-
method) to reduce the computational amount without re-
ducing the accuracy of radiative flux calculations. We fur-
ther implemented this method in a discrete ordinate
method o take into account the multiple scattering etfect
by aeresols and clouds (Nakajima and Tanaka, 1986). As
for gaseous absorption coefficient calculations, we
adopled line absorption parameters of HITRAN 1992 da-
tabase and continuous absarption parameterization of
LOWTRAN-7. In this study we will show case studies
with the US-standard atmosphere without scattering con-
stituents for demonstrating the accuracy of our method.

We have caleuluted k-values for several prescribed
values of pressure and temperature by making use of an
aceurate line-by-line integration code (Uchiyama, 1992).

And further we get k-disteibution functions by sampling k-
values from this large table {the data volume is about 1.5G
bytes) and by sorting the sampled k-values in terms of the
magnitude of k-values.

3. Results

We first of all should demonstrate that the introduction
of KD-method does not reduce the computational accu-
racy noticeably as compared with the LBL-method, For
this purpose we have estimated errors involved in two ap-
proximations on which we rest in the KD-method, i. ., (1)
the approximation of independence of absorption coeffi-
cients of different values of pressure and temperature in
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Fig. | A comparison of heating rates caleulated by KD-
and LBL-methads. Results for an intrared band (50-25(0)
cmupper panel), and for a near-intrared hand (2500-
[4500 ¢cm'!, lower panel).




S F (ljem) | REBSF | channel ¥
39-530 H.0 22
550-300 H.0, CO, | 80 (3,16)
iava s 800-930 H,0 5
980-1100 H,Q, 0, | 32 (4,8)
1100-2500 H,Q 14
HIARA | 2500-14300 H,0 13

Table 1 The range of wavelength bands, molecular spe-
cies, and number of channels used in the present calcula-
tions.

the process of sorting; (2) independence of absorption co-
efficiems of different gases when these are mixed.

Extensive numerical tests have shown that these wo
approximations introduce an error less than several per-
cent if the number of equivalent wavelengths (channel) is
large enough,

Itis ebserved that the error involved in the KD-method
increases relatively slowly with decreasing number of
channels. The number of channels about 40 - 150 in the
entire region of spectrum will be enough to retain the error
less than 10% in radiative heating rate calculations, It is
found the number of channels depends on the maximum
height of the model atmosphere. Scme tentative numbers
of channels are listed in Table 1 for the maximum height of
70 km. Figure | shows an example of heating sate and its
error with this channel selection for two bands. The abso-
lute error is less than 0.02 K/day in the near infrared pand
and less than 1 K/day in the infrared bands.

4. Future prospects .

We have demonstrated our KD-method is promising
for general circulation modelling. The channel selection
tn this study has been done by subjective analyses of ab-
sorption coefficient spectra. This process should be im-
proved by introducing an automatic optimization algo-
rithm. We are now working in this direction to produce
more efficient k-value selection than reported here
{Tsukamoto and Nakajima, 1993). A large computational

resources are needed for such extensive numerical calcula-
tions
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