The Effect of Wavelength Binning on Solar Irradiance Extinction Altitude
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Current atmosphere and climate models designed by the National Center for Atmospheric Research (CCM2 and CAM3) employ the 0-Eddington approximation which includes a
binning of the solar spectrum to 8 bins between 200 and 700 nm (see Table 1). This analysis compares the solar irradiance penetration at Inm wavelength resolution to the bin- at 273 K
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One of the main objectives of this research was to focus specifically on the absorption due to atmospheric ozone. This required finding an
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Basic Atmospheric Model: \

/ Optical Depth: \

The amount of energy absorbed or transmitted through a medium 1s directly related to the optical depth, or opacity, of the
medium. The optical depth 1s both a function of altitude and wavelength (via the absorption cross section). JPL® gives the
0, spectral absorption cross section at a reference temperature of 273 K (shown in plot to right) however, another
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interpolation needed to be performed in order to achieve cross section values at 1 nm intervals between 200 and 305 nm.

With the appropriate absorption cross section and number density profiles, the optical depth was calculated using the
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accurate ozone density profile. The SI.)ectra.lCalc1 website provided not onl?l the mixing ratios of 03.with altitude but also the temperatl.lre a.nd These optical depth values are also shown in a plot to the right where each point corresponds to the optical depth at y Optical Depth as a Function of Wavelength and Altitude
pressure profiles used to create the 1-dimensional atmosphere. All data obtained from the Atmospheric Browser assumed an atmosphere 1n mid- specific-wavelength-and altitude: R —
latitude summer conditions. Since there was no constant altitude separation between each data point, an interpolation was performed to create 300 = | | | | —
profiles with temperature, pressure and I}I)liXiIlg ratio values every 1 km from 0 to 120 km. The total atmospheric number density profile was = -
obtained using the ideal gas law, » 2= , where P and T are the pressure and temperature profiles and k is Boltzmann’s constant. By 080 B i ]
multiplying this by the 0, mixing ratios, the ozone number density profile was finally obtained. The plots below illustrate the three atmospheric / ) \ = T —
\proﬁles that were created. / Solar Energy Penetration: - —
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N . . N N ’ altitude value was calculated. The same was done using the bin-averaged irradiance values (all wavelengths in a bin have 200 BT —
10 — Thermosphere = 10 = = the same 1rradiance). Finally, in each set, the irradiance values were integrated over wavelength for each altitude. Below are = |
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Solar Spectral Irradiance Data: _ / Results and Conclusions: \
T 5
The solar spectral irradiance data from the SOLSTICE instrument on the SORCE spacecraft was obtained through the LISIRD> webpage. The SOLSTICE instrument is only sensitive to § § * The optical depth at small wavelengths of the 6-bin approximation is almost 5 times that of the 1 nm model
wavelengths up to 316 nm (the middle of the 7" bin) so, in order to ensure the integrity of all bins in the binned experiment, irradiance values were taken between 200 and 305 nm. Finally, this g = ) * The extinction altitude of the 1 nm resolution spectrum 1s approximately 29 km
data was averaged over each of the wavelength bins. The plot above shows both the 1 nm resolution original data as well as the bin-averaged irradiance values. ore | MRS [0 * The extinction altitude of the 6 bin spectrum is approximately 38 km
\\ / A * The difference 1n altitudes results in a maximum irradiance difference of almost 0.6 W/m? at 47 km
ey * The 6-bin model approaches 100% difference from the 1 nm resolution model at 40 km
/ \ 107 | . 400 nm * By employing wavelength binning, solar irradiance energy 1s deposited higher in the atmosphere that should be expected /
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