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I. INTRODUCTION

A radiative transfer model to calculate the short wavelength fluxes at altitudes
between 0 and 80 km has been developed at LLNL (Grant and Grossman, 1993). The
wavelength range extends from 175 - 735 nm. This spectral range covers the UV-B
wavelength region, 250 - 350 nm, with sufficient resolution to allow comparison of UV-B
measurements with theoretical predictions. Validation studies for the model have been
made for both UV-B ground radiation calculations and tropospheric solar radiative
forcing calculations for various ozone distributions. These studies indicate that the model
produces results which agree well with respect to existing UV calculations from other
published models.

II. RADIATIVE TRANSFER MODEL

The input parameters to the radiative transfer model are;

1. Atmosphere Profile,

a. pressure levels (rob),

b. average pressures (mb),

c. average temperatures (deg K),

d. average densities (g/cm3),

e. average 03 mixing ratios (vol),

2. Altitude resolution,

a. 1 km - 0-20 km altitude,

b. 2 km - 20-80 km altitude,

, 3. Solar Zenith Angle,

4. Surface Albedo at each wavelength.
A

5. Single scattering albedo and asymmetry factors at each wavelength.

%
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The zero-atmosphere solar flux in each wavelength bin is taken from Connell and
Wuebbles (1983) and is similar to WMO-16 (1985). Using data from Allen (1985) for the
zero-atmosphere solar flux beyond 735 nm, the calculated solar constant is 1368 W/m 2.
The IPCC 1994 standard is 1370 W/m 2. Ozone cross sections have been taken from
DeMore et al. (1992) and include temperature and pressure dependence. Other
atmospheric trace gases such as NO2 and SO2 can effect UV levels, particularly in
polluted urban environments, but for the initial validation studies we consider ozone
absorption and Rayleigh scattering as the major sources of lower atmospheric extinction
in the short wavelength spectral range. Rayleigh scattering cross sections have been taken 0
from Nicolet (1984). A two-stream flux model is used to calculate the diffuse irradiance
incident on each atmospheric layer. The sources of upwards and downwards diffuse
irradiance, due to scattering from the direct beam, are obtained by the use of a delta-
Eddington approximation (King and Harshvardhan, 1986). The single layer treatment for
incident diffuse irradiance is treated by the Sagan-Pollack model for the diffuse reflect/on
and transmission factors (Sagan and Pollack, 1976).The radiative transfer equations for a
atmosphere model have been solved for the fluxes at each level using an adding method
similar to that published by Grant and Hunt(1969) and Harshvardhan et. al (1987). At
solar zenith angles greater than 75 degrees, the direct optical beam path is calculated
using spherical geometry. For solar zenith angles between than 70 degrees and 75 degrees
a weighted average of the plane parallel and spherical geometries is used. Clouds have
not been included in the initial validation studies although the radiative transfer model
has the capacity for clouds to be included in the flux calculations.

HI. VALIDATION STUDIES

The short wave model has been used to calculate UV- A and B ground fluxes in the
wavelength range 250 - 400 nm for comparison with the results of Madronich (1993,
"MAD "). The atmospheric profile used was the US Standard Atmosphe,,e (1976) and the
surface albedo was 0.05. Figures 1-3 show the comparison of ground and solar fluxes
between the LLNL and the MAD calculations at solar zenith angles of 60 and 80 degrees.
Figure 1 shows the comparisons of solar and ground fluxes at a 60 degree zenith angle.
Curves SFLXASG and GFLXASG are the LLNL calculations and curves SFLUXMAD
and GFLUXMAD are the MAD calculations. Figure 2 shows a magnified segment of
Figure 1. Figure 3 shows the ground flux comparison for "_solar zenith angle of 80
degrees. Curve G1FLXASG is the LLNL calculation and cur G1FLXMAD is the MAD
calculation. Agreement between the LLNL and MAD calculations is within about ten
percent. These differences can be directly correlated to differences in solar input flux.
MAD also gives the result of a calculation in which the tropospheric ozone column was
increased by 35 DU (-78 percent) and the stratospheric ozone column was decreased by
35 DU (-12 percent) while keeping the total ozone column constant at 345 DU. He finds
that the surface dose change is of the order of 1 percent less than the normal abundance
case at a 60 degree solar zenith angle. Using the LLNL model to evaluate the relative flux
change at the 310 nm erythema dose maximum for a 30 DU 03 tropospheric increase and
a 30 DU 03 stratospheric decrease, we find a relative flux change of ~ 1.5 percent less
than the normal abundance case. At a solar zenith angle of 80 degrees we find a relative
flux change of- 10 percent more than the normal abundance case while the MAD results
predict a change of-9 percent more than the normal abundance case. This is in
reasonable agreement with the MAD results. Also the relative flux change should reverse
sign at high solar zenith angles because the average path for scattered radiation becomes
less than the direct transmission path length at the high zenith angles. This is also
demonstrated by the LLNL model.
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The IPCC 1994 committee has provided a test case for the evaluation of 03
tropospheric radiative forcing to which the LLNL short wave model can be applied. The
test case uses a McClatchey mid latitude, summer, clear sky approximation for the
temperature, pressure and 03 abundance as a function of altitude. The tropopause was set
at 179 mb. The surface albedo was set to 0.1, the solar zenith angle was set to 59 degrees
and the fraction of the day with the sun up was 0.557. The test case was represented by a
tropospheric increase in 03 abundance and a stratospheric decrease in 03 abundance.The

° following procedure was used to obtain the 03 changes (Shine, 1993). At altitudes below
8 kin, there is a uniform increase of 8 percent in the 03 abundance. At altitudes between 8
km and the tropopause, the fractional change in 03 abundance decreases linearly with
altitude to zero. At altitudes above the tropopause (-13 km), the shape of the 03 change
is the same as the $2 profile described by Schwarzkopf and Ramaswamy (1993) and
normalized to a total loss of stratospheric ozone of -15.55 DU. Table 1 gives a
comparison of the 03 tropospheric radiative forcing results calculated using the LLNL
model with the preliminary IPCC 1994 results from all the models used in the IPCC test
calculations (Shine, 1993).

TABLE 1.

03 RADIATIVE FORCING COMPARISON 175 - 735 nm (W/m 2)

Tropo. + Strat Tropo. only Strat. only

LLNL 0.2779 0.0227 0.2549

IPCC 0.241 - 0.392 0.015 - 0.031 0.226 - 0.361

Table 1 shows that the LLNL results are situated right in the middle of the range of
03 tropospheric radiative forcing results.

We have provided tests of the validity of the LLNL short wavelength radiative
transfer model in the UV-B and UV-A wavelength ranges and found that it produces
ground flux results which agree very well with published calculations. We have also
provided test cases which show that the 03 tropospheric radiative forcing over the entire
wavelength range of 175 - 735 nm agrees quite well with similar calculations performed
under the IPCC 1994 test scenarios.
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FIGURE CAPTIONS

Figure 1.The comparisons of solar and ground fluxes (W/m 2) as a function of
wavelength (nm) at a 60 degree zenith angle. Curves SFLXASG and
GFLXASG are the LLNL calculations and curves SFLUXMAD and GFLUX
MAD are the MAD calculations.

Figure 2. The comparisons of ground fluxes (W/m 2) as a function of wavelength (nm) at
a 60 degree zenith angle. Curves SFLXASG and GFLXASG are the LLNL
calculations and curves SFLUXMAD and GFLUX MAD are the MAD
calculations.

Figure 3. The comparison of ground flux (W/m 2) as a function of wavelength (nm)
comparison for a solar zenith angle of 80 degrees. Curve G1FLXASG is the
LLNL calculation and curve G 1FLXMAD is the MAD calculation.
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