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ABSTRACT
Gfound and airborne h&droxyi emission onseryafions have been
made in the northern poler regions. The ground observatione were -
made at Ester Dome, Alaska, and the airborne observations were'mede.'
.during the 1969 NASA Airberne E%pedition; The analysis of some ef
the data that were acquired has iead to the following conclusions:
: (a) ~Airglow OH meaeurements show no appfeciable change with
latitude or longitude.v ' S
(b) .Diurnal changes at northern-latitudes are similar to
those observed in midlatitude regions.. | -
(¢) Two types of OH enhancements have been observed photo-
metyically in the 9370 A region - one associated with
visible aurora, and the ether Uncorrelate& with visible
aurora. High resolution spectra under both‘inactive
and active conditions'indicate that the:OH enhancements

seen photometrically in active aurorae are probably

due to contamination of the filter pass bands By the

unexpected enhancement of the NI multiplet lines at
9387 A and 9393 A.: All previously reported-eurorally
associeted enhancements are consequently suspect. No
conclusions have as yet been reeched on the mechanism
associafedeith the nnn—auroraily associated‘enhance—
ments.
Continuation of.fhevsfudy of the hydroxyl emission should
concentfate on correletions of its variation with measurements of’
the nentfai winds;:joule héating and.meteoroiogical modifications‘

of the mesosphere.



INTRODUCTION

The Gebphysical Institute of the Upiversity of Alaska‘operated
a 3/4 meter Ebert spectrometer (Brown, 1966) at Ester Dome, Alaska,
in 1970 and 1971 under both active and,inaétive a;roral conditions
in an attempt to measure the dynamical and morphological changes
in the hydroxyl emissions. Although many excellent spectra have
been obtained, the limitations of weather, instrument sensitivity,
and spectral resolution (lS—éQA) in the near inf;aféd precluded
its applicatioh for the basic tenets of thié study. Subseﬁuently,
and in conjunction with anothef NASA-progrém;ithe 1969 NASA a&roral
.airborne expedition, a.multifilter"scanﬁing photometer.was con-
structed to look at various auroral emissions as well as the Q
branch of the 8-4 hydroxyl band near 9379»A. This region had
ibeen.stpdied;with Lhe.aforementionedmﬁbert”spectrometer and under
the available spectral fésolution deemed void of auroral emissions.
The details of the airecraft opératioﬁiand analyses have been re-
ported in the Final Reports under NASA grants NGR—OZ—QQi—OAS,
NGR-02-001-058, NGR—02—001—06Q and NGR—OZ—OOlfOSZ.. Following
the aircraft operagion tﬁe instrument was operated -at the Ester
Dome oBservatory to acquire additional information on the diurnal
variation of-the:hydroxyl émis;ions. The compiete analysis and
discussion -of the details of these~observati6ns are available in
‘the Master's degree thesis by R. Henderson.(l972). Consequently,
6nly a brief review of these results will be presented-ﬁeré. Dﬁring
the Spring'of 1971 and 1972, therLos Alamos Scientific Laboratories
operated an'image infensifier-infrared spectrograph at the Ester

Dome observatory under the guidance of Dr. K. Mitchell;



During inactive and active auroral conditions, exposures were
madé to spectrally resolve the OH emiséions in the 9370 A region;
It is from these'high resolution (less than iOA) data that clari-
fication of the reported aurorally associated enhancements have
been made.

The possibilities for future studies and the relationship

of the OH measurement to other observed phenomena will be also

discussed.

DISCUSSION OF .THE ANALYSES . ¢

The analysis of the data has been primarily -concerned with
the intensities and the latitude and lohgitude variations of the
hydroxyl émissions éEserved §n many of the 1969>NASA Airborne
Expedition flights. A preliminary deséription of.these data were
given by Brown (1970). The complete discussion is presented in
the Master's degree thesis of R. Henderson (1972).'

The most salient points can bevdiscussed in terms of the

anticipated dynamics.

Latitude Variations . ~

The plot of average intensities as a function of geographic
latitude appgared at first to show a slighé latitude change. The
average times for the 6bservations at the various . latitudes were
0500 LT, 0041 LT.and 1845 LT for 48.6°N, 58.5°N and 71;6°N, re-
spectively. The diurnal investigations of Bertheir (1955) at low
latitudes and the current invéstigation at high latitudes suggeét
that thé same type éf temporal behavior occurs in both regioné.
Since the average latitudinal intensiﬁy values qovered a rather

large diurnal period, the average diurnal variations were compared




with the observed deviations with latitude. The observed latiﬁudi—
ﬁal changeé éasily fit into the intensity ranges faund for the diurmnal
variation. Therefore, the existence of a significant latitude effect
ié_doubted for the range of latitude from 48.6°N to 71.6°N during
December. |

Ldngitude Variations

Almost no prior data are available on 1ongitudina1 variations.
However, we have two flights of interest, #11 and #15. A portion of
Flight #11 is éntirely within the polar cap region within.a lati-
tudinal range of 0.58°. Despite the 33° changes in longitude, the
average OH and O2 levels remained uniform. Again, on Flight #15 no
parficular pattern was established over an 18° change in longitude. .

Diurnal Variations

The diurnal variations that were observed fell intovfour types.
Théy were: (1) a minimum at or befbre local’midnight; (2) a maximum
during the night, (3) constant from local midnight to about 0400 LT,
followed by a sharp decrease and (4) constant through the night. Types
(1) and (2) were observed mos;‘often;with each béing seen as often as
.the other, Type (3) was observéd once as was type (4). These are
consistent with those data feported in the literature. The results
of 103 observations made throughout £he year by ﬁertheir (1955) also
showed typev(l) (minimum‘near midnight) as the: predominant type.
Bertheir, observing at a latitude of 44°N, observed some of the same
types of diurnal changes as we find at high latitudes. Therefore,
sincé there seems to be no general 1atitude effect on the intensity
of eithef OH or 02 in Decgmber, the data indicate that OH and 02 botﬁ

at high and at low latitudes during this month are very similar both



in form and intensity.

OH-Enhancements

Two different types of enhancements_were-observed in the course of
the current investigatiop:' The first type occurs at or near the time
of an intense aurora and.is_characterized by a quick rise and fall of
intensity with the corresponaing auroral changes. The secopd is a
-general increaee in OH intensity over a three- or four—heur interval.

» During this interval there were no intense auroras at the zenith, and
the general intensity level of the auroral backgrounrd remained ﬁn—
changed. ‘

During the spring observing periods in 1971 and 1972, an image
inteqsifierlspectrograph was operated at Eeter Dome- under the direction
of Dr. K. Mitchell of the Los Alamos Scientifie Laboratories. Figure
1 showe a composite spectra obtained, coveriué the near infrared region
between 8600 A and 10,000 A. Under airgloﬁ‘conditipns (upper spectrum)
and active aurora (lower spectrum) the excellent resolution evailable
here illustrates that there is no OH enhancement but only an eﬁhancement
of auroral emissions, predominantly the NI lines at 9387 A and 9393 A.
With many spectra teken in the two spring periods in thch the instru-
ment'was operated under many different auroral situations, ne aurorally
associated eehancement of the OH emissions has been noted. Consequently,
the previous conciusions (Brown and Belon, 1969) concerning aurorally
assoeiated hydroxyl enhahcements must be.based on the enhancement of
the auroral emissions (NI) rather than OH. However, under conditions
of low auroral activity the ﬁhotometer measurements will corfectly
monitor the hydroxyl emissions and consequentlyvthe enhancements observed
which are not associated with euroral activity changes are real OH

variations. The causes for these changes are as yet unexplained.



FUTURE STUDIES

This study has indicated thap the major changes iﬁ Ehe‘hydroxyl
emission are diurnal with superimposed enhancements which occur
unassociated with the variation in auroral emission. To under-
stand the causes for these changes will require future studies
connected to other similar phenohena. Much of the behavioglof
the OH emissign resembles that described for the 021A emission inv
the polar regions (Noxon, 1970). The altitude profile of OZlA
peaks in the region of the mesopause and lower E»i;yer (Evéns et al.,
1972). This is also the regioﬁ of OH emission aﬁd consequently
these emissions ﬁay covary. Both emissions muét somehow be associated
at least partly with the meteorology of the mesopause which in turn
may be effecﬁéd by -energy exchange from joule heating produced by
electrié fields. .Thus, the morpholégy of the oval and perhaps even
the ionosphéric trough may'bear on the aiurﬁal variation and even

the sporadic enhancements of the hydroxyl emissions.
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FIGURE QAPTION
Figure 1. Airglow and auroralﬁépectra qbtained at‘Estef Dome, Alaska,
in theAwavelength region 8600 A to 10,000 A. 'The_spectrai
résolu;ion is approximately 10 A. The exposure length fof
the airglow spectrum is much longef than that fdrlthe

~auroral spectrum.
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