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WIND AND TEMPERATURE INDUCED EFFECTS ON MESOSPHERIC
ION COMPOSITION AND INFERRED MINOR CONSTITUENTS
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The positive ion composition, temperature
and wind profiles were measured indepen-
dently in salvo B and A2 of the 1980
Energy Budget Campaign above Kiruna. Ion
chemical models of the D-region predict a
strong temperature dependence for the den-
sity distribution of the proton hydrates
vith different hydratiocn order. Mesospher-
ic temperature profiles derived from a
steady state ion chemical model are com-
pared with measured scale height tempera-
ture from the accelerometer instrument
falling sphere experiments.

The effect of strong horizontal neutral
air transport and ior drag became evident
in the total positive ion density profiles,
derived from the ion mass spectrometer
measurements in salvo B and A2. The nitric
oxide profiles, inferred from the ion com-
position measurements, reveal a proncunced
density depletion at 97 km in salvo B and
at 93 km in salvo A2. In both cases the
features correlate with regions of high
wind and may result from transport ef-
fects on the nitric oxide.

1. INTRODUCTION

Results of the positive and negative ion
composition measurements in the altitude
range 60 - 100 km have revealed consider-
able variations depending on different
Seasons, geomagnetic latitude and sclar
activity (Ref. 1}. A part of the variation
1s related to the ion production of the
lower ionosphere from direct ionization of
NO and 0y ('44) by solar UV radiation. The
Tore important effects causing a change of
i?n compositions is due to density varia-
clons of specific neutral species such as
G, NO, odd hydrogen, H,0 and temperature.
Global variation of mesospheric nitric ox-
}de. atomic oxygen and hydrogen compounds
1S mainly controlled by meteorclogical
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conditions and through interaction pro-
cesses of precipitated particles with the
lower thermosphere and mescsphere. Sea-
sonal and geographic variability of therm-
ospheric nitric oxide became evident from
the Explorer C satellite (Ref. 2) showing
maximum densities within the auroral oval
due to enhanced nitric oxide production
from energetic particles. The main sea-
sonal mesospheric nitric oxide density
variability is determined by different ver-
tical transport by eddy diffusion (Ref. 3).
The seasonal variability of mesospheric
atomic oxygen and czone concentratien is
also evident from the total sodium content
showing a general enhancement of seodium in
wintertime (Ref. 4). The sensitivity of
these long living trace gases in the meso-
sphere to meridional transport and verti-
cal eddy diffusion is demcnstrated in the
two dimensional model by Garcia and
Solomon (Ref. 5).

The European Energy Budget Campaign had
several coordinated launches of different
payloads from Kiruna and Andoya in Novem-
ber /December 1980. Four major salvos were
launched in conditions with low, medium
and high magnetic activities named salvo
C, B and A respectively. The conditions of
medium and high auroral activities are fa-
vourable for a study of transport of mincr
constituents and the effect on temperature,
ion composition and energy transport.

On the 16th November 1980 two rockets named
E11-aA and E6-A were launched from Esrange
Kiruna about 57 minutes apart at 0350 UT
and 0447 UT respectively as part of 12
rockets of salvo B with medium magnetic
activity and Joule heating. The same two
rocket pavloads were also launched from
Esrange on 30th November (E11-A) and 1st
December (E6-A) 1980 as part of a series of
ten rockets within salvo A2. Salvo AZ had
a strong magnetic activity with an accumu-
lated Joule heating of 74.3 x10% [y2-h].
The E11-A of salvo A2 was launched first at
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23.44.30 UT at the time of maximum hori-
zontal magnetic field variation (4X =

600 nT). The E6-A flight was 24.5 minutes
later. The instruments of the E11-A pay-
load from the Universities of Illinois and
3ern measured electron densities, the en-
ergetic particle flux and the positive ion
composition at altitudes above 60 km. The
falling sphere experiment of the Air Force
Geophysical Laboratory in Hanscom on the
E6-A paylecad gave results on total density,
temperature and horizontal wind velocities.

In this paper effects of horizontal wind
and temperature on the nitric oxide den-
sity profile inferred from the ion compo-
sition measurements will be presented and
a comparison of the temperature derived
from the distribution of proton hydrates
and the falling sphere experiment is made.

The complete results of the E11-A ion com-
position measurements are published by
Kopp et al. (Ref. 6), Schmidlin et al.
(Ref. 7) and Philbrick et al. (Ref. 8).

2. THE ROCKET EXPERIMENTS

The E11-A payload was launched on a Taurus-
Orion motor and measurements of positive
ions were obtained between altitudes of
about 60 km and 170 km on ascent of the
rocket flight. The mass spectrometer was
mounted on the front of the payload and
ambient ions are accelerated with a bias
otential of - 3V on a cone and sampled
nhrough an orifice of 2 mm in diameter on
the tip of the cone. The spectrometer is
a magnetic type mass spectrometer equipped
with two electron multiplier detectors.
The mass range of 14 - 180 amu is scanned
with a scan speed of 0.385s per octave. A
more detailed instrument description is
given by Kopp et al. (Ref. 9). The active
falling sphere experiment was mounted un-
der the nose cone of the E6-A payload
launched on Nike-Orion motors. A three-
axis piezoelectric accelerometer in the
center of the 25 cm diameter sphere mea-
sures atmospheric density and horizontal
wind velocities. Temperature profiles are
inferred in the altitude range of 50 to
150 km. The sphere with its own telemetry
and tracking system is released from the
payload on ascent at about 70 km altitude.
The details of the instrument are pub-
lished by Philbrick et al. (Ref. 10).

3. NITRIC OXIDE

The determination of nitric oxide from ion
composition results in the lower iono-
sphere at high latitudes has been de-
velopped by Swider and Narcisi (Ref. 11).
In Fig. 1 the reaction scheme of the gri—
mafy_ions to the observed main ions 0; and
70 1s shown. The variability of the 0% to

)7 density ratio at different altitudes
and different geomagnetic conditions
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Fig. Reaction scheme of primary ions in the
high latitude disturbed D-region. gq is
the total electron-ion pair production
precipitated particles and Jo is the
direct icniproduction of NO' by ioniza-
tion of NO with the Lyman-a UV-radiation.

arises mainly due to the charge transfer
reaction O3 +NO +NO* +0,. In the altitude
range of 85 -100 km the loss of N} is
through reaction NE +02—>OE +N5; and above
100 km the reaction of Nﬁ with atcmic oxy-
gen becomes important. The relative ionic
productions by energetic particles are:

62 % (N3), 17 5 (03), 14 % (8*) ana 73 (0%),
identical to those of Swider and Narcisi
(Ref. 11). The reaction rate constants

used for the NO model of Fig. 1 are sum-
marized in Table 1. The total ion-electron
pair production is determined above 85 km
from the loss of O3 and NO* by dissociative
electron recombination. The inferred nitric
oxide density profiles of salvo B and A2
are given in Fig. 2 and Fig. 3 respectively
in the altitude range of 85 -120 km. The
atomic oxygen density profiles were taken
from von Zahn et al. (Ref. 12) and total
density and temperature from the falling
sphere experiment.

The altitude resclution of the nitric oxide
profiles of salvo B and A2 are of the order
of one kilometer, comparable to the flight
distance of the rocket within a typical
scan period of the mass spectrometer. The
maximum NO densities of salvo B are between
2.5-3.5x10"% n”3 at altitudes between

106 - 110 km (Fig. 2). A five times higher
maximum density of 2 x10'® m~3 was found in
the salvo A2 at 100 km, about 8 km lower
compared to the maximum density values of
salvo B (Fig. 3). In both flights a dis-
tinct density minimum of nitric oxide is
evident at 97 km in salvo B and at 93 km in
salvo A2. Below 85 km the loss of 05 and
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Table 1. Reactions for the nitric oxide model
. . 3 =1
Reaction Reaction constant (cm™s ) Reference
i 1
T - 0+0 1.9x107 tE%Q)/*‘ 1)
- 3
3. W e - Ns+oO 2.3x1077 (32%)% 1)
- -11,300, 0.4
- L9x1 e 2
3 0"+ 0, 02+o 1.9%10 (TP )
-1
4. o'+ n - wo" e n 1.2x107 12329 3)
2 T
=10

5. 0T(?R,%D) + O, = 0; + 0 7x10 4)

=10

6. o'(*,’™D) + N, * Ny +O 8x10 1)

- 3 [
7. N 0 - N0t e w 1.ax10”10228) 084 3)5)
+ + -11,300,0.8
J 5.0x1 — 1)

8. NZ + 02 * 02 + Nz x10 ( T )

5. n'+o0, - wo' + 0 2.6x107 10 6)
1. " +o, - o)+ N 3.1x107 10 €)
1. ojtatm + 0 - o+ o, 5.0x107 0 3)

- - =10

12x Ozla 7)o+ O2 % 02 + 02 3.0x10 3)

13, 0olta'm) + N - Nl -0 4.0x107 "0 3)
Z 2 2
-1 .

14. 0'2’ + NO + NoT o+ 0, 4.ax107 10 7)
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SALVO & , KIRUNA , 16 NOV 1980
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Altitude profiles of the nitric oxide den-
sity inferred from positive ion composi-
tion measurements on the Ell-A payload in
salvo B. The profiles of atmospheric neu-
tral temperature and total horizontal wind
velocity are from the measurements of the
active falling sphere experiment, launched
on the E6-A paylcad in the same salve B

57 minutes later.
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Fig. 3: Altitude profiles of the nitric oxide den-

sity inferred from positive ion composi-
tion measurements on the E11-A payload in

salvo A2. The profiles of atmospheric neu-
tral temperature and total horizontal wind

velocity are from the measurements of the

active falling sphere experiment, launched

on the E6-A payload in the same salvo A2
24 minutes later.
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and NO' in three body type reactions lead-
ing to cluster ions cannot any longer be

neglected and the calculated nitric oxide
densities become more uncertain and are
thus not shown in Figs. 2 and 3.

4, EFFECT OF TRANSPORT AND TEMPERATURE
ON MESOSPHERIC NITRIC OXIDE

Previous nitric oxide densities inferred
from mass spectrometric measurements at
various seasons and latitudes by Swider
(Ref. 13) and Arnold (Ref. 1) show large
density variationg at mesosgheric heights
within 5x10'2 m™3 - 2x107> p=3. A gen-
eral density decrease is evident in the
80 - 90 km region, with some exceptions
found at high latitudes and during winter
anomalies. The variability and strong
nitric oxide gradients in the mescsphere
suggest that mainly transport effects are
the controlling factors of the mesospher-
ic NO, especially since no significant
production of nitric oxide is known in the
mesosphere. Nevertheless, due to limited
height resolution of the mass spectrome-
tric measurements for nitric oxide density
calculations and missing cocrdinated mea-
surements of temperature, turbulence and
horizontal winds, it was not yet possible
to demonstrate directly the nitric oxide
density variability by transport in the
lower thermosphere and mesosphers.

The source for the nitric oxide of salvo B
and A2 was mainly N(ED] and N(%s) produced
by precipitated electrons and protons. The
altitudes of the derived maximum nitric
oxide density values are near or at the
height of maximum ion-electron pair pro-
duction (Ref. 6). The model of the nitric
oxide prcduc&ion through reactions of
N{("D} and N("S) with 03 and NO predict
only a slight negative temperature depend-
enie in the lower thermosphere by reaction
N(®S) +NO+N3 +0. A value of 1.5 x 10 12,7
is used in the model by Gérard and Barth
(Ref. 14) for this reaction. The effect of
a temperature controlled loss of nitric
oxide by N{%3) coula explain the slight
density variation in the altitude region
110 - 120 km of salvo B (Fig: 20:

The comparison of the total horizontal
wind velocity from the falling sphere ex-
periment and the nitric oxide density in
salvo B and A2 (Figs. 2 and 3) shows that
the mesospheric density minimum of nitric
oxide at 97 km and 93 km respectively is
located exactly at the altitude of maximum
horizontal wingd velocity measured with the
falling sphere experiment. This maximum
horizontal wind velocity is mainly the W-E
wind component in salve B and the S5-N wind
component in salvo A2. The large and vari-
able horizontal wind field is thus a de-
termining factor for the vertical meso-
vheric density profile of nitric oxide at
-igh latitudes under auroral conditions.
It is also interesting to note that des-
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pite the time difference of 57 min and 24
min between the ion composition measurement
of the E11-A payload and the falling sphere
experiment of the E6-A payload in salvo B
and A2 respectively, the altitude correla-
tion between the mesospheric NO minimum and
maximum horizontal wind velocity is stiil
good and indicates a large spacial variabi-
lity of the nitric oxide density in the
mesosphere. The nitric oxide variability

of the mesosphere is determined by the fol-
lowing two reasons:

1. Local variability of the downward trans-
port of nitric oxide.

2. The nitric oxide production by ener-
getic particles at mesospheric heights
is reduced and much more variable in
space and time compared to the region
of maximum production between 100 -
130 km.

5. TEMPERATURE

The positive ion composition in the D-re-
gion is characterized by the presence of
oxonium hydrates named proton hydrates

HY (Hp0)p with different hydration dearees.
The occurrence of these ions at altitudes
below about 80 km is due to the presence

of water vapor in the middle atmosphere

and to the large proton affinity of water
and the strong bonding of this molecule to
oxonium ien H30%. The transition of proton
hydrates to the molecular ions NO* and 03
occurs within a relatively narrow altitude
region of the order of a few kilometers.
The first three proton hydrates H+(H20)1_3
are formed over a set of chemical reactions
starting from NO* and OE. Higher order pro-
ton hydrates (n >3) are then produced by
three body reactions with water vapor

HY (Hy0), + By0+ M2 BT (Hy0) 0y + (1)

(M = 05, Ny)

The stability of higher order proton hy-
drates is a function of temperature due to
possible thermal break-up reactions after

a collision. This is in agreement with the
trend of decreasing stability of the proton
hydrates with increasing hydration order.
Measurements of higher crder proton hy-
drates of mass 91, 109 and 127 amu from
summer mid- and high-latitude rocket £light
flights are connected to the seasonal meso-
spheric temperature decrease in summer.

The application of the equilibrium con-
stants of reaction (1) measured by Kebarle
et al. (Ref. 15) in the general D-region
ion chemical reaction scheme by Reid (Ref.
16), can be used to infer temperature
values from the measured proton hydrate ion
distribution of the D-region. Fig. 4 gives
the temperatures derived from the density
ratio H'(Hp0)4 /H'(H;0) 3 of the mass spec-
trometric measurements on the E11-A payload
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4; Temperature of the lowey mesosphere ob-
tained from model calculations of the
positive ion composition measurements
and the falling sphere experiment of
salvo B and AZ.

in salvo B and AZ. The tmeperature values

e derived with a water vapor mixing of
pm for salvo B and 1 ppm for salvo

nese values are taken from typical

s for salvo B and A2 published by

emann et al. (Ref. 17). The derived

werature of salvo B is around 240 K and
e

-
[

Yot )

ights show good temperature agreement
with the falling sphere results in the
altitude range 60 - 73 km. The temperature
derived from the proton hydrate distribu-
<ion is almost independent to the varia-
£

icn of the water vapor mixing ratio. The
difference between the two temperature
of

rofiles of Fig. 4 may in fact also come
rom a natural time variability between

he two rocket flights E11-A and E6-A. The
lication of Kebarle's eguilibrium con=
rnts for reaction (1) measured at room
emperatures seem to give good results

o
oty

also at 200 - 240 K. It is however doubtful
<hether these values can also be used for

extreme mesospheric temperatures in summer
at h

high latitudes around or below 140 K.
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