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Abstract

This research is focused on measurements to ascertain trends in the OH
infrared airglow column emission rates as observed from the SABER
(Sounding of the Atmosphere using Broadband Emission Radiometry)
instrument aboard the NASA/LaRC TIMED satellite. Particularly, we will
examine trends over a six-year period corresponding to a half solar cycle
from 2002 up to 2009. Statistical methods have been employed to
calculate averages of global daily emissions in the form of column
emission rates. These daily averages are concatenated and then analyzed
to reveal periodic trends over the time period in review.

(1) Overview of the orbit of the TIMED satel-

lite and the SABER instrument.

We also explore the possible correlation
with solar activity as represented
both by the Kp index and by sunspot
counts. Initial analysis suggests
a definite downward trend from 2002
through 2008, paralleling the current
solar cycle activity. In addition to
the pronounced 10-11 year solar cycle
periodic trend, shorter wavelength
periodicities are seen in the analysis.
Further analysis of these data will make
it possible to improve our understanding of the mechanics responsible for
OH column emission changes with time.

SABER Instrument

(2) The 10 channels of the SABER instru-

ment.

SABER is a satellite-borne
multichannel infrared radiometer
that probes into the dynamics of the
mesosphere. The SABER instrument
is on board the NASA TIMED
spacecraft launched in December
of 2001; it became fully operational in
February 2002. Ten different channels
measure emission spectra from various
atmospheric gases ranging from ozone
(O3) to carbon dioxide (CO2). In order to make its measurements of the
mesosphere, the SABER sensor measures the emission bands at a

(3) Distribution of SABER measurements

taken during one day.

tangent point on the horizon using
a motion controlled scanning mirror.
This allows for measurements up to
approximately 180 km above the Earth.
SABER takes a scan approximately
every 63 seconds, providing around
1400 to 1500 scans a day. A pictoral
representation of the distribution
of one day’s events is presented in
Figure (3). The emissions addressed in
this research are hydroxyl (OH) airglow
emissions because of their importance

in many atmospheric processes, such as the ozone hydration
photochemical reaction.

Emission Rates

SABER has 2 channels dedicated
to the observance of OH
emissions. Channel 8 is calibrated
to record emissions centered at
2.0 µm and channel 9 records
emissions centered at 1.6 µm. In
our analysis we restrict ourselves
to using the nighttime data. We
produce a column emission rate
for every event point by using a
Simpson’s integration routine. Our
routine also mitigates some
apparent noise by extrapolating
from the edge of the curve.
Different shapes are seen in the
altitude profile data and shown in
figures (5), (6) and (7).

(4) Nighttime Volume Emission Rates for an en-

tire day

(5) Volume Emission Rate Profile

(6) Volume Emission Rate Profile

(7) Volume Emission Rate Profile

An entire 24-hour period of nighttime column emission rates can be seen
in figure (8). The emission rates are varied, but it must be taken into
account that these are from all over the globe.
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(8) Channel 8

Comparison

Our methodology compares the averaged OH column emission rates with
both the Kp index and the sunspot count. Both of these are indices of
solar activity and this comparison provides us with an indication of the
correlation of the emission rate and the solar variation. The Kp index is
derived from an averaged measurement of the disturbances of the Earth’s
magnetic field and ranges in value from 0-9 on the Kp scale. The number
of sunspots have been tabulated and recorded for hundreds of years. The
sunspot count also indicates a definite decrease in solar activity in the
period of observance (2002 to 2009), which correlates with the OH
emissions.
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(9) Channel 8 column emission rates from 2002 to

2009
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(10) Channel 9 column emission rates from 2002

to 2009
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(11) Kp Index from 2002 to 2009
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(12) Sunspot Count from 2002 to 2009

Inspection of figure (9) - (12) shows the definite correlation to the
sunspot counts and the Kp index. Performing a standard statistical
correlation on both the channels, the Kp index, and the sunspot count
provide the results tabulated in the table below.

OH Ch 9 OH Ch 8 Kp Index Sunpots
OH Ch 9 1 0.945 0.144 0.433
OH Ch 8 0.945 1 0.201 0.508

Table: Statistical Correlation of OH emissions to Solar indices

We can see that the two channels have relatively high correlation between
themselves, and that the OH emissions are more correlated with the
sunspot count than with the Kp index.

Fourier Analysis
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(13) FFT of daily global averaged column emission rates

Standard Fourier analysis reveals the most prevalent frequencies that are
in the hydroxyl airglow data. As expected, the majority of the dominant
frequencies are found to be less than three per year. From the
periodograms (figures (14) and (15)), we can see that the most
prominent peaks have periods of 60 days, 90 days, 180 days, 1 year, 4
years and 11 years. The presence of an 11-year period exhibits correlation
between the OH emissions and the solar cycle.
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(14) Periods up to a year
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(15) Periods greater than a year

Future Work

Research will continue to identify trends in these findings, and test data
averaging techniques. We expect to be able to identify some of the
periodicities and corroborate these with other sources. Regression analysis
will be used to identify shorter periods (such as gravity and planetary
waves), than our current processes allow. We expect that this method will
allow us to look into the short-term dynamics of the mesosphere.
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