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Abstract. A rocket-launched parachute-
deployed chemiluminescence sensor measured the
vertical profile of nitric oxide from Poker
Flat, Alaska, latitude 65.13 degress North, in
August 1984 and in January and February 1985.
All data refer to daylight periods shortly after
local noon and cover altitudes from a lower
limit of 27-30 km up to 48-53 km. Between 35
and 45 km the results indicate a large seasonal
variation, with wintertime mixing ratios being
roughly a factor of two above summer values.
The winter profiles contained sharp positive
vertical gradients that persisted through the
highest altitudes observed, and near 50 km the
mixing ratio from the Feburary flight exceeded
that seen in summer by a factor of four. Above
the stratopause the mixing ratio observed in
February increased dramatically and between 52
and 53 km reached 148.9 ppbv, an order of
magnitude greater than typical mid-latitude
values measured with this instrument. Such
behavior is consistent with the absence of
photodissociation in winter and a downward flux
of odd nitrogen arising from a source located
significantly higher than the stratopause,
almost surely in the lower thermosphere. These
results clearly support the existence of a
vertical coupling between diverse regions of
the atmosphere in the high latitude winter.

Introduction

Theoretical considerations suggest a large
seasonal variability in middle atmospheric odd
nitrogen (NOx) at high latitudes. On a globally
averaged basis photodissociation of mesospheric
nitric oxide followed by recombination to N,
forms an effective barrier between the large
abundances characteristic of the lower
thermosphere (e.g. Rusch, 1973; Cravens and
Stewart, 1978) and the much smaller mixing
ratios at stratospheric levels (Horvath et al.
1983). However, the chemical lifetime of
mesospheric odd nitrogen varies greatly with
season and latitude. For example, at 65 degrees
latitude in summer and an altitude of 50 km a
characteristic time for chemical removal of NO,
lies in the vicinity of 10 to 30 days, while a
value of 100~-300 days is more appropriate to the
same location in winter (Frederick and Orsini,
1982). Furthermore, in winter at high latitudes
mean vertical motion is downward, which when
coupled with the weakness or, in the polar
night, the absence of dissociation supports the
possibility of an intrusion of large NO, mixing
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ratios, characteristic of much higher altitudes,
into the upper stratosphere (Strobel et al,
1970). The opposite situation prevails in
summer., Consistent with this reasoning,
satellite-based remote sensors have observed
polar night NO, mixing ratios as large as 175
ppbv at 70 km (Russell et al., 1984), and
enhanced high latitude wintertime NO abundances
integrated over stratospheric and mesospheric
altitudes (Frederick and Serafino, 1985),
Atmospheric models that treat the coupling of
transport and chemistry have also predicted this
behavior (Solomon et al., 1982; Solomon and
Garcia, 1984).

In this letter we report results obtained
from a set of three nitric oxide measurements
conducted at high latitudes in summer and
winter. These constitute the first in-situ NO
data that define the high latitude annual
behavior. The observed seasonal differences are
qualitatively consistent with the reasoning
presented above.

Instrumentation and Flights

The instrument flown here was the rocket-
launched parachute-deployed chemiluminescence
sensor described in detail by Horvath et al.
(1983). Data are recorded over the altitude
range from a lower limit of 27-30 km up to 48-
53. Briefly, atmospheric air containing ambient
nitric oxide flows through the instrument as it
descends on a parachute. This air is mixed with
an excess of ozone drawn from an onboard storage
volume, and the reaction of NO with O3 produces
excited NO, which fluoresces. Measurement of
this emission in the instrument reaction chamber
allows a derivation of the atmospheric nitric
oxide mixing ratio. Table 1 summarizes the
measurements reported in this paper. Poker
Flat, Alaska located at 65.13 degress North and
147.48 degrees West was the launch site for all
three flights. Resource constraints limited the
maximum number of launches to three. We
therefore chose to conduct only one measurement
in summer when the atmosphere is relatively
quiescent and zonally symmetric. In winter when
the atmosphere is dynamically active and
longitudinal variations are pronounced, we
scheduled two launches spaced several days
apart. The results therefore provide an
indication of short term variability in the high
latitude winter stratosphere.

A special constraint applied to the winter
flights. In the absence of sunlight nitric
oxide converts to other forms of odd nitrogen,
being NO,, NO5, and N,Og. Although we wished to
obtain data as close to the polar night as
possible, it was necessary to conduct
measurements in daylight both for logistical
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TABLE 1, Supporting Information for the Nitric Oxide Measurement:sl

Solar Altitude
Local Time Zenith Range Covered

Date (hours) Angle (o) (km)

August 16, 1984 12:40 52.5 29.91 - 49.95
January 28, 1985 13:10 83.2 27.15 - 48.20
February 7, 1985 13:01 82.9 27.49 - 52.25

1511 measurements were conducted from Poker Flat, Alaska, latitude 65.13
degrees North, longitude 147.48 degrees West.

reasons and to assure that a significant
fraction of NO, existed in the form of NO at the
altitudes of interest. In addition, if a
significant flow of odd nitrogen into the polar
upper stratosphere from higher altitudes indeed
occurs, this should be most evident after
several months of a wintertime dynamical regime.
However, the return of extended daylight periods
would reduce the odd nitrogen chemical lifetime
in the mesosphere, effectively terminating the
coupling between different altitude regions.
The period from late January to early February
satisfied the criteria for several hours of
daylight at Poker Flat and a time of year when
the consequences of a downward flux of odd
nitrogen should appear in the upper
stratospheric NO profile. All flights were
conducted within one hour and ten minutes of
local noon.

Result

Figure 1 presents the nitric oxide mixing
ratio profile observed over Poker Flat on August
16, 1984, The error bars, given approximately
every 5 km, include uncertainties associated
with counting statistics and instrument gas flow
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Fig. 1. Nitric oxide mixing ratio profile

observed over Poker Flat, Alaska on August 16,
1984. Error bars given approximately every 5 km
indicate uncertainties associated with count
rates and measurement of gas flow parameters in
the instruments.

parameters. These are +7.1, 7.4, and 15.1% near
30, 40, and 49 km respectively. The absolute
nitric oxide mixing ratios obgerved near 30 km
are very similar to those reported previously at
mid-latitudes (Horvath et al. 1983). However,
near 40 km the high latitude summer value, 3.9-
4.0 ppov, is only half of the 8.0-9.0 ppbv that
was typical in measurements conducted from
Wallops Island, Virginia. Near 50 km the Poker
Flat mixing ratio of 6.2 ppbv compares to a
range of 12-16 ppbv observed at mid-latitudes
during July and August of previous years
(Horvath et al. 1983).

The Poker Flat NO profile measured on January
28, 1985 appears in Figure 2. Between 30 and 34
km the mixing ratios are very similar to those
seen in August. However a positive mixing ratio
gradient exists above this altitude with the
January values at 40 and 45 km exceeding those
in August by factors of 2 or slightly more, 1In
several respects the January result is similar
to observations made at middle latitudes.
Approximately one half of the profiles
previously measured between 37 and 51 degrees
North showed an increasing NO mixing ratio
between 40 and 45 km. The January Poker Flat
result of 8.5 ppbv at 40 km is consistent with
the mean of all mid-latitude data. The
distinguishing feature of the high latitude
winter profile is the persistence of the steep
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Fig. 2. Nitric oxide mixing ratio profile
observed over Poker Flat, Alaska on January 28,
1985.
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Fig. 3. Nitric oxide mixing ratio profile
observed over Poker Flat, Alaska on February 7,
1985,

positive vertical gradient through the uppermost
altitude observed. 1In all mid-latitude profiles
obtained previously, the mixing ratio has
leveled off or, in most cases, was decreasing at
the apex of the measurement.

The profile observed on February 7, 1985,
shown in Figure 3, provides convincing evidence
that air of thermospheric origin existed near
the high latitude stratopause at the time of the
measurement. Below 42 km the February 7 result
is similar to that seen on January 28, However,
th February profile extends upward to 52.25 km
and reveals an extremely sharp gradient, with a
mixing ratio of 148.9 ppbv at the peak altitude.
This value is typical of that for a mid-latitude
NO profile near an altitude of 90 km (Frederick
and Abrams, 1982). Nitric oxide abundances this
large cannot be produced in the stratosphere by
the ambient chemistry. Although energetic solar
particles sporadically create large NO amounts
in the mesosphere, we know of no such event near
the time of the measurement shown in Figure 3.
The polar night LIMS NO, results of Russell et
al. (1984) show longitudinal variations of
factors of 4 to 7. Therefore, one should not
view the profile of Figure 3 as representative
of the zonally averaged state. In support of
this statement, the January 28 profile fails to
show the extremely steep gradient seen on
February 7, at least through the highest
altitude observed.

Conclusions

The differences between upper stratospheric
nitric oxide profiles observed from Poker Flat,
Alaska in summer and winter reveal the impact of
the seasonally varying dynamical-chemical
environment on the odd nitrogen abundance. The
mixing ratios that exist in January and
February, with their steep vertical gradients
taken with the prevailing atmospheric
circulation, are consistent with the idea that
nitric oxide produced at greater altitudes
reaches the high latitude upper stratosphere or
lower mesosphere in winter. Indeed, the
extremely large values cbserved near 52 km are
typical of lower thermospheric NO abundances.
These results clearly support the existence of a

vertical coupling between diverse regions of the
atmosphere in the high latitude winter.
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