Impact of Solar Spectral Irradiance Variability on Middle
[ e Atmospheric Ozone and Temperature L ASP

Institute of
Technology LABORATORY FOR ATMOSPHERIC AND SPACE PHYSICS

Jessica Haskins', Jerry Harder?, Aimee Merkel?

'Massachusetts Institute of Technology, Department of Earth, Atmospheric, & Planetary Sciences, Cambridge, MA 02139
‘Labratory for Atmospheric and Space Physics, University of Colorado, Boulder, CO 80307

|. Abstract: g -
Ozone and temperature data collected from several instruments was examined for effects V. Ke }! Fi N d in g S FIGURE 1 - Natural Producti d Destruction of O ,
o : . 1 - Natural Production and Destruction of Ozone

from solar spectral variability in the middle atmosphere. Concentration of ozone
measurements collected independently at 9.6um and 1.27um from the Sounding of the 2 Solar |nten51ty varlablllty ffects concentratlon of ozone as well as

Atmosphere using Broadband Emission Radiometry (SABER) instrument were compared with SABER Ozone Comparisons, Biannual % Differences from 08/09 (-25 to 25 deg.) temperature in the atmosphere

one another and analyzed for solar irradiance variability effects in the lower mesosphere. /
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difference between the annual mean temperatures of the instruments was consistently 20K 100 100 100 foa 104
through 10 years of overlapping measurements. MSU and AMSU data was found to have 107 1 107 ' 1077¢ ' ' -
extremely low variability both within each year and through its full record. It showed no QBO J | 80 | 8a

or solar cycle effects and varied, on average, 0.06 % from its annual mean at solar minimum in
2009. SABER data showed reasonable variability within each year and showed solar cycle and 107’ 1 60 107} 160 107} 1 60 107°} 1 60 ' 1 60 P FIGURE 2- Sounding of the Atmosphere using Broadband
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the variability problems with the MSU and AMSU data set, further comparisons to SABER data 40 40 40 40 40
would not be particularly useful. Data gathered from the Stratospheric Sounding Unit (SSU) [ ‘ 1’y ' 10’ ‘ ' ' ' '
would likely yield more meaningful comparisons to data gathered by SABER.

Ozone measurements at 9.6um and 1.27um were found to be equally populated with
values for overlapping pressure level measurements. A constant bias between the
measurements of the two channels was found that is higher than would be expected from the
documented instrumentation bias of the 9.6um channel. The ozone measurements were
found to be significantly affected by solar variability, such that at times of greater UV
variability, the difference between the two channel’s measurements was greater than it was
during times of low solar variability. Further investigation is needed to determine if the
photolysis rates used in inferring the ozone measurements at 1.27um are underestimating
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contributions from solar variability over the solar cycle, particularly, in the oxygen Schumann- 3 T 377
Runge Band and the ozone Hartley Band of absorbance. It is plausible that the solar cycle measured from emission of ozone | emission of molecular oxygen

irradiance changes observed by SORCE could bring the 1.27um and 9.6um SABER channels f ' [ ' | ' o ' [ ' molecule day glow
into agreement; however a full reanalysis of the SABER 1.27um data would be required to
make this assessment.
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1+ Differences in the measurements of ozone at
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amount of solar variability at that time.
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FIGURE 3 - Statistical Comparison of Temperature Data
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FIGURE 5- Population of Ozone Channels

VI. Extensions & Im lications  Channels equally populated throughout all of the levels

*¢9.6um only 2% more populated with data points

Percent Difference in Temperature from Solar Min

Channel 9.6um Chonnel 1.27um FIGURE /- Merkel et al 2011 results extended

s Comparison between the two channels is not limited by
the number of data points present.
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Future research could be done comparing both FIGURE 6 - Percentage Difference Between Ozone Channels

ozone measurements to independent MLS data “*9.6um is known to be 5-7% greater than measurements
made by other instruments in the lower mesosphere>
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** MSU/AMSU data shows no QBO or solar cycle effects and varies on
average 0.06 % from its annual mean at solar minimum in 20009.

- O
1

o
o

6.

L
.%.

Pressure (hPo)
F-Y
[S)
Pressure (hPa)
o

il

-y
Q<
[~]

**In the SABER data, a more reasonable trend is present
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